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WITH THE TIMES 

P r o g r a m in t h e U n i t e d S t a t e s was s t a r t e d 
cut ive D i r e c t o r o f t he A d v i s o r y C o m m i t t e e 
e m y of Sciences , in a b o l d effort t o m a k e 
J r esu l t s o f r e sea r ch . T h e P r o s t h e t i c s a n d 
m i n i s t r a t i o n , u n d e r t h e l e a d e r s h i p o f D r . 
l g , w i t h o u t r e s e r v a t i o n , a n d in sp i te of a 
t h e o lde r , we l l -es tab l i shed p r o s t h e t i s t s t h e 
s tabl i shed b e c a m e an o u t s t a n d i n g success , 
m a t e r i a l s a n d t e c h n i q u e s w e r e d e v e l o p e d 
se t t ing p las t i cs a n d ny lon s t o c k i n e t t e a r e 
h a n g e u p p e r - l i m b p r o s t h e t i c s c o m p l e t e l y . 
:s a l so h a d been d e v e l o p e d as well a s n e w 
new m a t e r i a l s . H o w t o d i s s e m i n a t e t o t h e 
Its of r e sea rch s u p p o r t e d by t h e U n i t e d 
l em. S h o r t - t e r m c o u r s e s t o b e offered t o 
y level s e e m e d t o b e t h e bes t a p p r o a c h , 
n ivers i ty of C a l i f o r n i a a t L o s A n g e l e s in 
nly t o c l in ic t e a m s . T h e p r o s t h e t i s t s s p e n t 
ast ic l a m i n a t i o n , t he t h e o r y o f f i t t ing a n d 
the n e w t e c h n i q u e s a n d devices t h a t h a d 
f inanced r e sea r ch p r o g r a m . A t t h e e n d o f 
n a l t h e r a p i s t s w h o w e r e t a u g h t t h e r a t i o -

~T> a m p u t e e s , a n d i n s t r u c t e d in m e t h o d s o f 
s effectively. A t t h e e n d of t h e fifth week 
:d by phys i c i ans a n d s u r g e o n s w h o w e r e 
F m a n a g e m e n t . T h e c o u r s e e n d e d wi th all 
.her, a n d e a c h g r o u p w e n t b a c k to t he i r 
;wly a c q u i r e d k n o w l e d g e , 
d d i n g e d u c a t i o n a l r e q u i r e m e n t s t o the i r 
Id i t iona l n a t i o n w i d e assis t t o t h e e d u c a -

iar e d u c a t i o n p r o g r a m s w e r e e s t ab l i shed 
n ivers i ty a n d N o r t h w e s t e r n U n i v e r s i t y , 
c o u r s e s in all p h a s e s of m a n a g e m e n t of 
en t by a p p r o p r i a t e c o u r s e s in o r t h t o t i c s 
>f c l inic t e a m s in p r o s t h e t i c s a n d o r t h o t i c s 

CO . h-
J O 
J < =D LL 

QU-UJ 
rr oc ui 
< o oc 
O LL LL 

uiw u i a v i i rmmo&rj 41111c i u i giaiueu. 
F o r t h e first t en y e a r s o r m o r e t h e e d u c a t i o n p r o g r a m w a s d e s i g n e d t o d i s s e m i n a t e 

t h e resu l t s of r e sea rch t o p r a c t i c i n g p r o s t h e t i s t s , t h e r a p i s t s , p h y s i c i a n s , a n d sur 
g e o n s . H o w e v e r , t h e fo l lowing g e n e r a t i o n s g r a d u a l l y d e m a n d e d p r e p a r a t o r y e d u c a 
t i o n p r o g r a m s , a n d t h e e d u c a t i o n p r o g r a m s w e r e mod i f i ed t o m e e t t he se logica l 
d e m a n d s . T o d a y it is difficult t o v isua l ize a p r o s t h e t i c s a n d o r t h o t i c s service in th i s 
c o u n t r y w i t h o u t t h e c o n t r i b u t i o n s m a d e c o n t i n u o u s l y by t h e v a r i o u s c o m p o n e n t s 
o f w h a t w e refer t o as t h e P r o s t h e t i c s - O r t h o t i c s E d u c a t i o n P r o g r a m . 



T h e A m e r i c a n B o a r d for Ce r t i f i ca t ion in O r t h o t i c s a n d P r o s t h e t i c s , h a s p r o g r e s 
sively d e m a n d e d m o r e s t r i n g e n t r e q u i r e m e n t s in ba s i c e d u c a t i o n be fo re a l l owing 
o r t h o t i s t s a n d p r o s t h e t i s t s t o qual i fy t o s t a n d for the i r b o a r d e x a m i n a t i o n s . 

U n f o r t u n a t e l y v i r tua l ly al l o f t h e ef for ts o f t h e f o r m a l e d u c a t i o n p r o g r a m a r e 
d e v o t e d t o t h e ba s i c t r a i n i n g o f y o u n g p e o p l e , a n d a l m o s t n o effort is b e i n g p u t 
f o r t h t o offer c o n t i n u i n g e d u c a t i o n for t h e cer t i f ied p r a c t i t i o n e r s . T o c o m p o u n d 
th i s p r o b l e m t h e " s c h o o l s " s e e m t o h a v e i g n o r e d t h e a d v a n c e s a c h i e v e d by v a r i o u s 
r e s e a r c h g r o u p s a n d in m a n y a r e a s a r e l agg ing b e h i n d t h e m o r e a d v a n c e d p r a c t i 
t i o n e r s . O u t s t a n d i n g e x a m p l e s of th i s a r e v a c u u m f o r m i n g t e c h n i q u e s 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 n d t h e u s e o f c h e c k socke t s in p r o s t h e t i c s . 

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 h a s d o n e m u c h to fill th i s 
v o i d a n d p e r h a p s will , in t h e fu tu re , m e e t t h e n e e d s of p r o s t h e t i c s a n d o r t h o t i c s 
c l in ic t e a m s for c o n t i n u i n g e d u c a t i o n . If we , a s p r a c t i t i o n e r s , a r e t o c o n t i n u e t o 
i m p r o v e o u r services t o p a t i e n t s we m u s t s o m e h o w see t h a t t h e v a r i o u s e d u c a t i o n 
p r o g r a m s a r e k e p t u p t o d a t e . T h e respons ib i l i ty s eems to b e a m o s t a p p r o p r i a t e o n e 
for 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 t o a s s u m e . 

H o w a r d R . T h r a n h a r d t 



MEETING THE CHALLENGE OF 
PARTIAL HAND AMPUTATIONS 

Leonard F. Bender, M . D . 1 , and 
Richard D . Koch, C .O. 2 

Amputat ion of a part of a hand may create 
significant functional limitations for the amputee 
that are difficult to ameliorate by either orthoses 
or prostheses. We have attempted to provide both 
function and cosmesis to many persons with par
tial hand amputat ions and have been confronted 
by a variety of patterns of amputat ions and many 
different vocational and avocational needs. To 
help us develop a logical approach to devices for 
partial hand amputat ions we have studied the 
losses and divided them into categories. 

Loss of a portion of a hand occurs primarily 
through t rauma. In Michigan, a mixed industrial 
and farming state, we frequently see partial hand 
amputat ions resulting from accidents with punch 
presses, metal shears, conveyor belts, meat 
grinders, corn pickers and threshers. Less com
monly, explosions, bullets, shredders, and ther
mal injuries cause amputat ions; rarely are fingers 
and hands lost because of vascular disease and 
malignancies. 

Traumat ic amputat ion of a part of the hand in 
an industrial accident usually occurs along a 
straight line through the phalanges or metacar
pals but may be at any angle to the line through 
the distal row of carpal bones. It may remove, 
spare, or partially involve the thumb. 

Fa rm accidents are more often uneven at the 
amputa t ion site due to the tearing, clawing or 
shredding action of farm implements. 

Congenital skeletal deficiencies of the fingers 
and hand account for a small number of patients 
who seek hand prostheses. In these cases, the 
pattern of absence is also variable but usually 
quite different from that of t raumatic amputa
tion. 

The outcome for each patient has been depen
dent first upon the level and extent of amputat ion 

and then upon the expressed preference for either 
function or cosmesis plus specific requirements 
made of the device. An amputee who is interested 
predominantly in cosmesis should get what he 
wants and not have some more functional but less 
cosmetic device forced upon him. His present vo
cation and his avocational desires must be con
sidered carefully. The device must always be de
signed primarily to meet the amputee 's needs. If 
it is obvious that one device will not fulfill all his 
needs, but two or three will do so, several devices 
should be prescribed. 

The primary purpose of this paper is to discuss 
devices which have been fabricated for persons 
with partial hand amputat ions . 

We have found it helpful to divide partial hand 
losses into several categories. Our classification 
of partial hand amputat ions results in four cate
gories (Fig. 1): 

1. Transphalangeal , t h u m b spared. 
2. Thenar, partial or complete. 
3. Transmetacarpal , distal; t humb spared or 

involved. 
4. Transmetacarpal , proximal; thumb spared 

or involved. 

1Medical Director, Rehabilitation Institute; Pro
fessor and Chairman, Department of Physical Medicine 
and Rehabilitation, Wayne State University, Detroit, 
Mich. 

2 Director, Department of Orthotics and Prosthetics, 
University of Michigan Medical Center, Ann Arbor, 
Mich. 

Fig. 1. Levels of partial hand amputation: 1. Trans
phalangeal; thumb spared. 2. Thenar partial or com
plete. 3. Transmetacarpal, distal; thumb spared or in
volved. 4. Transmetacarpal, proximal; thumb spared 
or involved. 



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

Transphalangeal amputat ions usually involve 
the four fingers in similar or slightly varying de
grees. Most often these patients need no device 
but they may desire cosmetic fingers. These can 
be fitted easily when at least half of the proximal 
phalanx remains for each finger. Cosmetic fingers 
may be held on by suction or by special adhesives. 
They can be cut from a cosmetic glove made for 
prosthetic hands or may be custom made. Occa
sionally such a person needs and desires addition
al function. 

CASE I L L U S T R A T I O N 

A thirty-year old male lost the fingers on his 
right hand in an industrial accident involving 
metal shears. A portion of the proximal phalanx 
of digits two through five remained with good 
range of motion and strength at the metacarpo
phalangeal (MCP) joints. The thumb was spared. 
He was right dominant and wanted to continue to 
use tools with his right hand. However, the prox
imal phalanx of the fifth digit was considerably 
shorter than that of the second digit so power 
grip was not effective. A stainless steel orthosis 
with plastisol covering was designed and fabri
cated (Figs. 2, 3). The device was designed espe
cially to provide power grip to hold a cutting 
torch, wrench and hammer (Fig. 4). The side 
M C P hinge moves freely and permits the strength 

of the finger flexor muscles to flex the opposition 
bar and provide a satisfactory grip on handles 
and tubular objects. 

Fig. 2. Transphalangeal amputation of the second 
through fifth digits. Orthosis with dorsal metacarpal 
and phalangeal bars, side rivet pivot hinges at the MCP 
joint. 

Fig. 3. Palmar view of orthosis designed to improve 
grasp for a person with trans-proximal-phalangeal 
amputation. 

Fig. 4. Effective grasp of a hammer handle between 
thumb and orthosis. 



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

Amputat ion of the thumb alone is relatively 
rare in our experience. When it does occur and 
involves the metacarpal as well as the phalanges, 
a prosthetic thumb can be made. Plastic lam
inates can be shaped to resemble closely a thumb 
and to provide a shallow socket that fits against 
the second metacarpal and is held on by either a 
Velcro or plastisol strap a round the hand. If other 
digits adjacent to the thumb are amputa ted also, 
the prosthesis can be made with a wider socket 
and still provide a satisfactory prehension post 
(Figs. 5A and 5B). 

Congenital absence of the thumb occurs rarely 
and does not require replacement by a device. 
These children become very adept with the re
maining digits and tend to use the index finger 
as a thumb. Surgical pollicization of the index 
finger generally appears to be unnecessary. 

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

Amputat ions through the distal transmetacarpal area are quite common in our industrial 
location. Because most of these persons have 
been involved in strenuous occupations and 
probably will continue to do skilled and semi
skilled labor we must make stout devices for 
them. Some persons will wish a cosmetic hand in 
addition to a functional device. A custom made 
cosmetic hand is generally necessary; s tandard 
cosmetic gloves with fillers are not satisfactory. 

Basically, two alternatives are available to the 
orthotist-prosthetist in providing functional de
vices for persons with distal transmetacarpal 
amputat ions . A prosthesis shaped like a mitt can 
be constructed (Fig. 6) or an open steel prosthesis 
can be designed to fill a specific need (Fig. 7). 

The mitt prosthesis must be particularly strong 
in the distal portion. We recommend using six 
layers of glass cloth plus one layer of one-half 
ounce Dacron felt over a sheet of 0.080 inch thick 
stainless steel. The palmar area is lined with neoprene to provide friction. This prosthesis provides 
a large prehension area for gross activities such 
as lifting furniture (Fig. 8), and also permits 
finger tip prehension along the rim of the mitt. 
The rim is placed where the finger tips would 
normally be located. This prosthesis will with
stand much abuse and is very practical for farm
ers and persons in laborious occupations. 

Stainless steel prostheses are fabricated to the 
anatomy of each patient; they are not formed over 
a plaster mold or cast. Each piece is formed, fitted 
and silver soldered in place individually. T o con
struct an opposition post for an amputat ion at the 
transmetacarpal level through the thumb and 
third, fourth, and fifth digits with only the entire 
second digit remaining one begins by shaping a 
palmar piece out of 0.050 inch thick stainless 
steel (Fig. 9). A steel rod is added from the pal
mar piece over the distal s tump to the dorsal edge 
of the palmar piece. This rod prevents undesired 

Fig. 5A. Amputation of the thumb, index, and middle 
fingers. 
Fig. 5B. Prosthetic thumb fits over stump of metacar
pals and straps to hand. 



Fig. 6. Mitt-shaped prostheses for bilateral distal 
transmetacarpal amputations with sparing of the 
thumbs. (Reproduced from (1) by permission.) 

Fig. 8. A mitt-shaped prosthesis can provide adequate 
prehension force to lift heavy objects. 

Fig. 7. Plastisol covered, stainless steel prosthesis for 
distal transmetacarpal amputation with loss of the dis
tal phalanx of the thumb. (Reproduced from (1) by per
mission.) 

Fig. 9. Palmar piece shaped from stainless steel to serve 
as a foundation for an opposition post. 



movement of the device proximally. The opposi
tion post is then constructed and soldered in posi
tion (Fig. 10). Finally, a contoured steel plate is 
added over the end of the third metacarpal to 
avoid excessive pressure from the rod and the 
whole device is covered with flesh-tone plastisol 
by a dipping and curing process (2) (Fig. 11). A 

plastisol strap around the base of the metacarpals 
keeps the prosthesis from slipping off the hand 
distally. 

Poor skin coverage of the amputat ion site is an 
unusual problem. Surgical techniques permit 
satisfactory skin coverage of distal amputat ion 
sites. 

CASE I L L U S T R A T I O N 

A sixty-year old farmer lost all fingers including 
the thumb at the distal t ransmetacarpal level in 
a cornpicker machinery accident. Adequate skin 
coverage was not achieved because he did not 
permit additional surgery to cover the s tump with 
skin graft (Fig. 12). The amputat ion site was quite 
sensitive and needed protection. He also desired 
function; he needed to grasp mechanical milkers 
firmly so he could attach them to his cows. 

A stainless steel prosthesis was designed with a 
contoured piece of 0.050-inch stainless steel on 
the dorsal area which wrapped around the fifth 
metacarpal and stopped at the fourth metacarpal 
(Fig. 13). A small steel rod was positioned in the 
web space of the thumb for stability and to pre
vent proximal movement of the prosthesis. Stain
less steel rods, 3/16-inch in diameter, were con-

Fig. 10. Steel rod is placed over distal stump to prevent 
proximal migration of the prosthesis. Opposition post 
is soldered in position. 

Fig. 11. Completed orthosis with plastisol covering and 
strap. 

Fig. 12. Amputation through the distal transmetacarpal 
area of digits two, three, four, and five with loss of the 
distal phalanx of the thumb. Skin coverage is inade
quate for hand activities without protection. (Repro
duced from (1) by permission.) 



Fig. 13. Stainless steel prosthesis designed for hand 
shown in Fig. 12. It protects the amputation site and 
permits prehension. (Reproduced from (1) by permis
sion.) 

Fig. 14. Amputation through the proximal area of all 
metacarpals as the result of a punch press accident. 

Fig. 15. Cosmetic hand and glove for hand shown in 
Fig. 14. 

toured on the dorsal aspect and slightly distal to 
the sensitive amputa t ion site to prevent bumping 
it, and to add strength to the unit. A second set 
of stainless steel rods were then positioned so that 
they would hold a semicircular opposition post in 
place. The post is silver-soldered to the rods at the 
appropriate angle to hold tubular objects such as 
milkers. Proper design and positioning of the post 
requires especially good judgement. One must 
consider carefully the length, range of motion, 
and strength of the thumb, as well as the size, 
shape, and weight of the objects to be picked up. 
Plastisol coating (2) provides a non-absorbent, 
resilient, pleasing appearance but the plastisol 
must be roughed up on the prehension surface of 
the opposition post to provide adequate friction 
for good function. 

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

The thumb may be spared, partially ampu
tated, or absent in amputat ions through the 
proximal metacarpal area of the hand. Either 
cosmetic hands or functional devices or both may 
be used to restore appearance and function. The 
functional devices and, to a lesser extent, the 
cosmetic hands are more difficult to construct 
at this level of amputat ion because the short 
s tump provides a less stable base. The device may 
need to extend above the wrist to gain stability 
or assist function. 

CASE I L L U S T R A T I O N 

A twenty-nine year old female lost all fingers 
and the t h u m b on the right hand in a punch press 
accident (Fig. 14). A right-dominant person, she 
desired cosmesis and sufficient function to hold 
small objects and feeding utensils. Appearance 
of her hand was restored by a cosmetic plastic 
glove with semi-rigid fillers in the fingers and a 
zipper fastening on the volar aspect of the wrist 
(Fig. 15). An opposition post, similar to the one 
shown in Figure 11, was constructed with a short 
post to oppose the s tump of the first metacarpal 
(Fig. 16). It provided the desired function. 

In some traumatic amputat ions of the hand, 
damage may be done to proximal structures by 
the violence of the injury; the peripheral nerves 
and brachial plexus are particularly prone to 
such injury. 



Fig. 16. Prosthesis with opposition post provides pre
hension for hand shown in Fig. 14. 

Fig. 17. Prosthesis designed to provide increased wrist 
stability and prehension between opposition post and 
thumb when all fingers are amputated but thumb is 
spared. 

Fig. 18. Epoxy resin, mitt-shaped prosthesis for ampu
tation of fingers at the proximal transmetacarpal area 
with sparing of the thumb. 

CASE I L L U S T R A T I O N 

A twenty-five-year-old machine operator 
caught his left hand and clothing in a grinding 
machine that twisted his arm and mangled his 
fingers. The thumb was spared but all fingers 
were amputated and weakness of muscles sup
plied by the radial nerve below the elbow was 
noted. Wrist stability was added to a steel palmar 
band with opposition post by means of a plastic 
forearm cuff and 0.065-inch thick stainless steel 
straps along the radius and ulna incorporating 
single pivot hinges at the carpal level (Fig. 17). 
The hinges must be properly aligned with the axis 
of wrist flexion and extension. Teflon washers 
are used in the hinge joint to reduce friction. If 
wrist extension assist is needed, hooks can be 
soldered proximally and distally to the wrist joint 
on the dorsal side and rubber bands or springs 
used to provide the assistance. Spring tension is 
adjusted most easily by using rubber bands. 

An alternate solution in proximal transmeta
carpal amputat ions with an intact t h u m b is to 
fabricate an epoxy resin mitt similar to that 
shown in Fig. 6. To gain stability the mitt will 
usually have to encase the carpal area. It can be 
made sufficiently flexible, yet semi-rigid, so that 
it can be slipped over the s tump and held in place 
with a single Velcro s trap (Fig. 18). The rim of the 

mitt can be made to any desired shape so utensils 
and small objects can be picked up as well as pro
viding sufficient opening to grasp larger objects 
like an electric razor. 

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

Persons with congenital skeletal deficiencies of 
the hand, other than those with only the thumb 
missing, can sometimes be assisted by orthotic 
and prosthetic devices. The pattern of congenital 
skeletal deficiencies of the digits and rays of the 
hand is quite variable and even difficult to clas
sify. The proposed International terminology for 
the classification of congenital limb deficiencies 
is helpful and those interested in orthotics and 
prosthetics should be aware of it (5). 



CASE I L L U S T R A T I O N 

A twelve-year-old female with only one digit of 
the left hand, absence of a portion of the carpus 
and limited range of motion of the radiocarpal 
joint desired a new opposition device to replace 
a worn out volar splint. Active extension at the 
wrist was possible only to a neutral position but 
flexion was good. An opposition post was built so 
that fine prehension and large grasp were both 
possible (Figs. 19-22). 

C O N C L U S I O N 

By utilizing basic principles of orthotics and 
prosthetics and by exercising considerable in
genuity it is often possible to provide considerable 
improvement in function a n d / o r cosmesis to in
dividuals with partial hand amputat ions . 

Fig. 19. Opposition platform for congenital skeletal 
deficiency of the left hand with only one functional digit 
and limited range of carpal motion. 

Fig. 20. Use of the opposition platform in writing. 

Fig. 21. Use of the opposition platform in eating. 

Fig. 22. Use of the opposition platform in drinking. 
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ELASTIC MATERIALS AS A SOURCE OF 
EXTERNAL POWER IN ORTHOTICS 

A PRELIMINARY REPORT1 

John Glancy, C .O. 2 

Sources of external power for use in orthotics 
have been limited for many years. Unfortunately, 
it appears that an 'ideal' source will not be avail
able for a generation or two. What practical al
ternatives can be offered to a large proport ion of 
today 's handicapped population and those of the 
next generation? The use of elastic materials as a 
source of external power seems to hold promise as 
a practical alternative for the interim. 

Elastic materials, such as shock cord, while 
limited in meeting requirements in any sense of 
the ideal, nevertheless can store and deliver sur
prising amounts of dependable energy. Further
more, the material can be adjusted easily, is noise
less, lightweight, commercially available, durable 
and inexpensive. 

The ability to store energy is the most impor
tant characteristic of elastic materials for orthotic 
use. They can be made to produce a continuous 
force that can be put to work in a manner that 
introduces a new element to spinal and lower-
limb orthotics: dynamics. The fact that these dy
namic forces can be varied in magnitude and 
made to serve a variety of purposes allows a 
versatility that portends exciting possibilities. 

Some examples of the possibilities afforded by 
elastic materials in orthotics are: 

*A small dynamic force across the axis of an 
anatomic joint can provide constant stretching 
of soft tissue to prevent the development of con
tractures without inhibiting useful motion. 

*A preset dynamic force can be applied across 
an anatomic joint that has imbalanced muscula
ture crossing it in a manner that simulates the 
missing opposing ' tone ' to prevent involuntary 
swaying, thus aiding balance. 

*A single, preset dynamic force can be intro-

duced so that it can change from an extension 
moment , through dead center, and then to a 
flexion moment , or the reverse, in a ' p rogrammed ' 
sequence, as angular changes occur in the an
atomic joint to which the force is being applied. 
Thus , a single force can be used to oppose or as
sist motion in two directions in the same plane. 

*A present dynamic force can be increased 
gradually by allowing its fixed ends to be 
stretched further apart as an anatomic joint 
moves. The resulting additional force can be used 
to act as a 'guide' or control for motion activated 
by muscle power. 

*An easily adjusted dynamic force, in the form 
of an extension moment , can be used postoper
atively to maintain and preserve surgical releases 
of flexion contractures of the hips or knees. 

*When the weight of a body segment is not too 
great, available elastic materials can substitute 
for absent muscle power and move the segment 
through space, especially when gravity is used to 
assist the desired motion. 

*In instances where elastic materials are being 
used to activate segmental motion, adjustment 
of the dynamic force can also affect the velocity 
of a segment's movement. 

*The dynamic forces that available elastic ma
terials offer are of sufficient magni tude to be of 
exceptional usefulness to growing children, pri
marily because of children's relatively lightweight 
bodies, in the prevention of musculoskeletal de
formities that develop after birth. 

By providing dymanic resistive force, elastic 
materials offer stability and control without in
hibiting useful motion. The current state-of-the-
art is limited almost exclusively to static control. 
As a consequence, useful motion is constantly— 
albeit inadvertently—being subjected to inter
ference. It now appears that longterm protection 
for the musculoskeletal system, without sacri
ficing freedom of mobility, is orthotically pos
sible. 

1This project was supported by a grant from the 
James Whitcomb Riley Memorial Association 

2Indiana University/Purdue University at Indianap
olis, School of Medicine—Department of Orthpaedic 
Surgery—Division of Orthotics 



A SPECIFIC C L I N I C A L A P P L I C A T I O N — 
A P R E L I M I N A R Y R E P O R T 

A new look at elastic materials as a source of 
external power was undertaken as part of an on
going effort to develop a practical orthotic system 
of ambulat ion for paraplegics that would enable 
them to walk with greater ease and confidence 
than present-day techniques allow. A practical 
means of ambulat ion, with a good deal less de
pendency upon a wheelchair, continues to be our 
ultimate goal, and with this in mind, it was ev
ident that first priority must be given to finding 
an easier way for the paraplegic patient to rise 
from and return to a wheelchair. This portion on 
the use of elastic materials as a source of external 
power in orthotics will limit the specifics of their 
use to our experiences in attacking this multi-
faceted problem. 

The most obvious improvement to the current 
technique for rising and sitting seems to be a sys
tem that will enable the paraplegic patient to 
get to his feet in a quite conventional manner , 
starting with the knees flexed in a normal seated 
position. The more the overall problem was stud
ied, the more the "obv ious" seemed to be the 
most practical. 

For a paraplegic to rise from his wheelchair 
in a smoother, less exhausting way it is necessary 
to compensate for the lack of sufficient height 
provided by the arm rests (Fig. 1). Folding 
"cru tches" (Fig. 2) that provide the extra height 
were designed and installed on a wheelchair as 
permanent components . The pinlocks on the front 
casters and the rear wheel locks are engaged be
fore rising to stabilize the wheelchair. 

Inability to prevent 'out-of-phase' anterior 
rotation of his pelvis when at tempting to leave the 
chair while facing forward is another factor that 
prevents the paraplegic in achieving a standing 
position easily. The latissimus dorsi muscles used 
in raising the trunk inadvertantly cause anterior 
rotation of the pelvis because their insertions are 
located on the spinous process of the lower thor
acic and lumbar vertebrae. Since the antagonists 
that normally prevent such out-of-phase pelvic 
rotation are paralyzed, an increase in forward 
rotation and an accompanying increase in lor
dosis are under no restraints other than the range 
limitations of the joints of the vertebrae and hips. 

To stabilize the pelvis and lumbar spine against 
the forces of the latissimus dorsi and gravity while 

Fig. 1. A schematic view demonstrating the lack of 
sufficient height of supports for the paraplegic's arms 
in order for him to lift himself to his feet from the 
seated position. 

Fig. 2. Prototype folding wheelchair crutches: The 
crutches are designed to be permanent components. 
Note that the hand grips are turned downward, below 
the level of the armrests, when not in use. 



rising and returning to the wheelchair a modifi
cation of a system reported earlier (1) was used 
(Fig. 3). Since paraplegic patients must wear bi
lateral knee-ankle-foot orthoses (KAFO's ) , the 
posterior elastic panels that are attached to the 
movable pelvic port ion of the polypropylene 
thoracopelvic unit are attached distally to the 
thigh cuffs of the K A F O ' s . This arrangement 
permits the initial, or 'preload' , extensor moment 
to be of greater magnitude because the thigh cuffs 
are fixed to the uprights of the K A F O ' s and there
fore an excessive buildup of shear forces on the 
surface of the thighs (of some concern when the 
thigh cuffs are not attached to fixed points) no 
longer need be a consideration. However, the 

characteristics of various elastic materials do 
place a limit on the magnitude of the preload, 
in that the setting must allow sufficient additional 
stretching to permit enough excursion of the elas
tic panels for the patient to sit. 

The extensor moment generated by the bilateral 
elastic panels provides the paraplegic patient 
with the following functions: 
A. While rising from a wheelchair: 

1. Prevention of the lumbar region from 
going into excessive lordosis; 

2. A resistive force to out-of-phase, ante
rior rotation of the pelvis, 

3. Substantial assistance to the patient 's 
arms when lifting his body. 

B. When standing: 
1. Additional stability by preventing in

voluntary swaying of the trunk in an anterior 
direction about the hips' axes. Thus a 'back
up ' safety feature is added to the technique of 
'hanging' upon the iliofemoral ligaments in 
order to maintain anteroposterior balance. 

2. Sensory feedback provided by the inti
mate fit of the thorax portion of the poly
propylene thoracopelvic unit because its up
per border extends 2 inches above the level of 
sensory deficit. Any tendency for the t runk to 
'jackknife' is felt in the form of increased pres
sure as it begins to occur, and the motion is 
readily checked by his arms and crutches be
fore it is beyond control . Related to this fea
ture is the fact that as the trunk rotates for
ward, the extensor moment (simultaneously 
generated by both elastic panels), increases 
proportionally to angular changes occurring 
in the hip joints and thereby slows down the 
t runk's forward rotation. The net result is 
additional time for the patient to react to the 
'reading' he is receiving via the thoracopelvic 
unit. 

C. While lowering the trunk into the wheelchair: 
1. An increase in magnitude of the extend

ing moment about the hip throughout the de
scent. The out-of-phase rotation of the lumbar 
spine and pelvis is being resisted by the ex
tensor moment generated by the bilateral 
elastic panels. 

2. Sensory feedback that enhances control 
of the rate of descent is received via pressure 
on the thoracopelvic unit. 

The folding crutches and the polypropylene 
thoracopelvic unit with its pelvic extension assist 

Fig. 3. Closeup of the modified polypropylene thora
copelvic unit with dynamic pelvic extension elastic 
assists: The elastic is 2" wide and is doubled over nylon 
rollers attached to the distal ends of the polypropylene 
quadrilateral thigh cuffs to ensure an even pull through
out. Note the plexidur studs used for the proximal 
attachments. To don, the patient passes the elastics 
through the nylon rollers and slips the ends, with their 
slotted polypropylene pieces, over the studs while lying 
on her side. 



permitted the patient to rise to a standing posi
tion, but, though up, he could not extend his 
knees fully so as to engage the knee locks of the 
K A F O ' s . Consequently, his knees buckled at 
each at tempt to bear weight upon his lower limbs. 
It was clear that further progress would not be 
possible without a mechanism capable of auto
matically extending the knees and locking them 
in extension. 

It was felt that the mechanism would have to 
extend the tibii fully and automatically, because 
both arms of the patient are needed for support . 

The external power needed would be substan
tial. Because the weight of the lower limb (in
cluding the orthosis), with assistance from grav
ity, does not produce full extension at the knee 
joints of a paraplegic patient while his arms sup
port his extended body, a resistive force must be 
present. The weight of each lower-limb below the 
knee is calculated to be 1/15 of the body's weight 
(2). The weight of the below-knee port ion of each 
K A F O is about 1 1/2 pounds (.68 kg). A rein
forced shoe of the Hush Puppy (R) variety 
weighs about 1 pound (0.45 kg). For example, 
the total weight involved, per lower-limb, for 
a patient who weighs 100 pounds would be about 
9.2 pounds (4.1 kg). Ruling out the presence of 
spasticity in the hamstrings a n d / o r gastrocnemius 
muscles, or the presence of fixed contractures in 
either, a 'guesstimate' must be made of the mag
nitude of force needed to overcome the resistance. 
Because we do not have information as to the 
amount of resistive force we are dealing with, 
clinically, it is necessary to set the initial extension 
force somewhat arbitrarily. To complete the ex
ample given, we chose 6.5 pounds (2.95 kg) (ap
proximately the weight of the lower limb below 
the knee) as the minimum force that the knee 
extension assist unit would have to exert upon 
each lower limb to achieve full extension. 

Because of the power limits of available elastic 
materials to supply an external extension force to 
the knee joints, an at tempt was made to deter
mine just how many specific functions that are 
credited to the quadriceps muscle group would 
have to be mechanically produced to accomplish 
the task. An analysis was made of a number of the 
many functions that the quadriceps muscles nor
mally perform under a variety of conditions. All 
but four of the functions studied were rejected 
as either irrelevant to the immediate needs of 
paraplegic patients or, if a substitute could be 

delivered, would be impossible for them to man
age because of the general limitations of current 
orthotic development. The four functions of the 
quadriceps muscles which were felt to be crucial 
to a solution and therefore would somehow have 
to be mechanically produced are: 

1. The force they generate to resist a n d / o r 
prevent knee flexion whenever the body's C G 
moves behind the knee axes when standing. 
(This force varies from minimal—when checking 
normal involuntary swaying in the anteriopos
terior plane—to much greater magnitudes when 
serving as a control mechanism for any activity 
that involves flexing of the knees, during which 
the body's C G is behind the feet.) 

2. Their crucial contribution to the complex 
control forces that enable the normal individual 
to lower his trunk into a chair at varying rates of 
speed. 

3. Their active contribution to the lifting of 
the body from a seated position by extending the 
thighs about the knee axes. 

4. Their ability to extend the lower leg about 
the knee axis, at varying rates of speed, when the 
lower leg is not bearing weight. 

The rate of acceleration of extension of the 
lower leg must be regulated, if possible. This is 
important in order to keep to an absolute min
imum the time that the patient must support his 
full weight upon his arms, once he has achieved 
full extension of his hips and trunk at the com
pletion of his rise from the wheelchair. 

A dynamic, automat ic knee extension assist 
that facilitates full extension of the lower leg and 
allows the automatic spring knee lock of a K A F O 
to engage is shown in Figure 4. The illustration 
also shows the type of K A F O that is used with the 
new system. A stainless steel Becker automatic 
springlocking off-set knee joint is modified to 
enable the patient to put the spring-lock in the 
disengaged position when standing, a prerequisite 
to sitting. When he wishes to sit down, the off-set 
knee joints prevent the patient 's knees from 
buckling as he flips the handles (which are con
nected to the locking cables) to the disengaged 
position, one leg at a time. Thus, he has a hand 
free to support himself on either of the extended 
crutches attached to the wheelchair. As the pa
tient leans against the anterior panels of the thigh 
cuffs and the anterior panels of the solid-ankle 
shells below, (3,4), the combination of the me
chanical knee center being 1 inch behind the an-



atomic knee center (5) and the dynamic extension 
moment being generated by the looped elastic 
shock cord, results in a remarkably stable pair of 
unlocked knees. 

As the patient lowers himself into the wheel
chair, the combined bilateral knee extension force 
generated by the elastic shock cords offers a sub
stantial resistive force that , in turn, relieves an 
appreciable amount of the weight that the arms 
must support . For example, we return to the sam
ple case of the patient who weighs 100 pounds 
(45 kg). In order to extend each lower limb, it was 
estimated that each would have to have a dy
namic extension force of 6.5 pounds (2.95 kg). 
Therefore, the total force resisting the weight of 
the body as it is lowered into the wheelchair 
would be 13 pounds (5.9 kg)—the sum of both 
shock cord assists. Since both lower portions of 
the limbs are resting upon the floor and no mo
tion is occurring below the knee axes, their weight 

need not be considered as part of the mass being 
supported by the patient 's arms. In the example, 
the weight of the two lower limbs (exclusive of 
the KAFO's ) , totals 13.4 pounds (6 kg). Sub
tracting 13.4 pounds (6 kg) from the total body 
weight leaves 86.6 pounds (39.3 kg)—the actual 
weight that the patient 's arms are supporting 
(exclusive of the thigh and trunk port ions of the 
orthotic system). By dividing the actual weight 
being supported, 86.6 pounds (39.3 kg), into the 
total resistive force of 13 pounds (5.9 kg), we 
find that the arms are being relieved of approx
imately 15% of their burden. Conversely, the 
arms are provided the same assistance (about 
15%) when lifting the body up from the wheel
chair. 

Figures 4, 5, and 6 show some details of the 
components of the system. The knee extension 
assist unit weighs about 3 oz. (105 gms). The 
semicircular polypropylene tubing is allowed to 
swivel so that the force of the shock cord provides 
an extensor moment in the extended position and 
a flexion moment in the seated position. Fig. 4. The dynamic knee extension assist: A. Anterior 

view showing the unit attached to a KAFO. B. Lateral 
view illustrating the pivotable action of the knee ex
tension assist unit that shows how the force changes 
from an extension moment in the upright position to a 
flexion moment in the seated position. Note the cos
mesis of the unit—no part protrudes above the flexed 
knee. (The solid dot represents the axis of the anatomic 
knee joint.) 

Fig. 5. The dynamic knee extension assist unit: Detail 
of the components. 



Fig. 6. The dynamic knee extension assist unit; Close-
up showing the units on a patient's KAFO's. 

Figure 7 shows a patient rising from her chair 
while using the folding crutches, the thoracopelvic unit with extension assists, the knee ex
tension assists, and the dual locking, single, 
lateral upright K A F O ' s with offset knee joints. 
The patient is a 16-year-old, T10 level, t raumatic 
paraplegic with a surgical fusion of L2-3 and with 
hip flexion contractures of 15 degrees on the right 
and 10 degrees on the left. It is 3 1/2 years since 
her accident. The patient weighs 115 pounds . 
Note the degree of pelvic control and how the 
dynamic knee extension assists change from a 
flexion to an extension moment as she rises. 

A D V A N T A G E S TO T H E 
P A R A P L E G I C P A T I E N T 

As the patient rises from his wheelchair the 
shock cord provides a gradually diminishing flex

ion moment for approximately the first 25-30 
deg. of his ascent. This insures that his lower legs 
will remain under him until he gets enough of his 
weight over them to the point that they will not 
slide out from under him as he is rising. 

For the remaining 60 deg. to full extension the 
shock cord provides an extension moment of in
creasing magnitude, with the minimum at ap
proximately the 35 deg. point. The axis of the 
offset knee joints being 1 inch behind the anatom
ic knee axes add to the magnitude of the extensor 
moment as the patent 's thighs press against the 
anterior panels of the quadrilateral cuffs. The 
pressure of the thighs is transferred down the 
uprights to the mechanical axes and increases 
the radius perpendicular to the extension force 
generated by the shock cord. The net effect is ad
ditional assistance to the lifting of the t runk and 
greater stability of the lower legs as the trunk is 
lifted up and over them. 

When the patient is seated the force generated 
by the shock cord is constant. Therefore, the 
femurs are placed in compression. The pelvis is 
pressed against the femoral heads by the force 
generated by the elastic panels of the thoracopelvic unit and the condyles are being pressed 
toward the pelvis by the force of the shock cords. 
These two forces, combined with the thoracopelvic unit, provide t runk stability while seated. 
It should be noted that when the offset knee joints 
are fully extended the force of the shock cords is 
absorbed by the uprights and does not increase 
the vertical load on the lower limbs when standing. 

S U M M A R Y 

A preliminary report is presented on the poten
tial benefits of elastic materials as a source of 
external power for orthotic use in general. In 
particular, a description of the experiences, to 
date, of an ongoing effort to devise a practical 
orthotic system of ambulat ion for paraplegics 
demonstrates the application of dynamic forces 
for two specific activities that were given first 
priority; getting up from and sitting down into a 
wheelchair. An orthotic system has been devised 
for these two activities that consists of four 
newly-developed components: 

*A pair of folding crutches that are perma
nently attached to the wheelchair; 



Fig. 7. Patient rising from specially equipped wheelchair. 



*A modified use of the polypropylene thoracopelvic unit with dynamic pelvic extension assist 
that was previously developed for low-level my
elomeningocele patients. 

*A dynamic knee extension assist unit that 
automatically extends the lower limbs before 
the patient lowers himself to the floor, after 
having achieved an upright position; 

*The use of a single lateral, spring-locking, 
offset knee joint for the patient 's K A F O ' s . The 
spring-locks are modified so that they can be 
locked individually in the disengaged position in 
preparation for sitting down into a wheelchair. 

In Figure 7, left, the patient is shown releasing 
a knee-lock and locking it in the disengaged po
sition in preparation for sitting. The shock cord 

at lateral midline, with its proximal at tachment 
to the thorax portion of the thoracopelvic unit 
and its distal at tachment to the lateral panel of 
quadrilateral thigh cuffs, provides mediolateral 
stability of the trunk without the use of metal 
bars. In figure 8, right, the patient is shown lower
ing herself into the specially equipped wheelchair. 

The rationale for these developments is de
scribed in detail. It should be emphasized that 
these developments are the results of an ongoing 
project. Their preliminary use is reported at this 
early stage because it is believed that their ap
parent potential value can readily be clinically 
tested and evaluated by others and, if accepted, 
speed up their refinement and further define ap
plications for general orthotic use. 

Fig. 8. Patient lowering herself into a specially equipped wheelchair. 
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A LOW COST VACUUM-FORMING SYSTEM1 

James P. O'Leary, M.S. 2 , 
Edward A. Bianchi, B.S. 2 , and 
Richard A. Foulds, M.S . 2 

Vacuum-forming is an excellent method for 
molding sheets of plastic into complicated shapes. 
It is just beginning to be used in the field of re
habilitation medicine where the need to make 
devices that fit the human form is great. This 
article describes a new, inexpensive apparatus 
which enables orthotists and prosthetists to use 
the vacuum-forming process in their work with 
a very small outlay of capital. Very little training 
is required to use the apparatus , and it is now 
being made available in limited quantities. 

In the vacuum-forming process a sheet of hot, 
pliable plastic is drawn either into or around a 
mold with the use of suction provided by a vac
uum pump. When the plastic cools and hardens, 
it retains the shape caused by the mold. An 
example of the usefulness of a molded orthosis is 
shown in Figure 1. 

The process, though simple, when adapted to 
the needs of mass-production, requires very ex
pensive machinery. Until recently only industrial 
vacuum-forming equipment was available, with 
prices ranging from $4,000 to over $125,000. 
Because of the large investment in money and 
space required to obtain and use the machines 
designed for mass production, very few medical 
facilities have made use of the vacuum-forming 
process. 

For mass-production expensive equipment re
sults ultimately in low unit costs. But for the 
specialized, one-of-a-kind world of rehabilita
tion, expensive equipment does not necessarily 
justify itself, and a low-volume, low-cost, non-
automated system seems much more suited to the 
needs of orthotists and prosthetists. Such a 
machine is feasible when the inherent simplicity 
of the vacuum-forming process is fully exploited. 

1This work was supported in part by Rehabilitation 
Services Administration Grant #16-P-56800/1-10 
(RT-7). 

2 Rehabilitation Research and Training Center #7, 
Tufts University School of Medicine, Boston, Massa
chusetts. 

With these thoughts in mind we designed and 
built a vacuum-forming apparatus called the 
"Bracemaker" (Fig. 2), which is simple, function
al, versatile, and, above all, inexpensive. In ac
cordance with the terms of the federal grant which 
provided part of the funds for this work, we are 
making the design of the "Bracemaker" avail
able to the medical community. 

Why should orthotists and prosthetists be 
interested in vacuum-forming, when they al
ready have many conventional techniques to use? 
The advantages of plastics are part of the reason. 
Plastics are often found in rehabilitation devices 
where light weight, cosmesis, flexibility, durabil
ity, and close fit are needed. Until recently, 
it has been necessary to form plastics by hand, a 
process that requires considerable skill, and often 
repeated at tempts, to achieve good results on any 
but the simplest shapes. With vacuum forming 
very little skill is needed, results can be quite 

Fig. 1. A molded ankle-foot orthosis (left) is contrasted 
to the conventional metal and leather orthosis that it 
replaces. Besides being lighter in weight, the plastic 
orthosis requires no modification to the shoe. This 
feature makes it possible for the patient to interchange 
shoes easily. 



Fig. 2. The "Bracemaker." The vacuum cleaner is used for the pump to evacuate 
air through the table top from the space between the plastic sheet and the table. 
Note the two upright guides at the rear edge of the table. The rack, or frame, for 
holding the plastic sheet during heating and forming is shown in the rear. 

Consistent, and parts can be formed which cannot 
be done at all by hand. Moreover, the technique 
can be used with a large variety of plastics— 
almost all of the thermoplastics. This eliminates 
the need for special, low-temperature forming 
plastics, and opens up a wide range of new plas
tics that are extremely useful in the provision of 
rehabilitation devices. 

T H E PROCESS 

The type of vacuum-forming most useful in 
prosthetics and orthotics can be broken down 
into six distinct steps: 

1. Mold Preparation—A mold in the shape of 
the part to be formed must be prepared. In pros
thetics and orthotics plaster-of-Paris is usually 

Fig. 3. The molten plastic sheet being removed from the oven prior to placement 
over the male model. Note the special frame, or rack, for holding the plastic sheet 
around the periphery. 



the material of choice. The mold is placed on a 
special table (Fig. 2), and supported for the best 
wrapping action of the plastic. 

2. Heating—The plastic sheet must be brought 
to a temperature that makes it soft and pliable, 
yet leaves it strong enough to resist tearing (Fig. 
3). 

3. Draping—The plastic sheet must be draped 
over the mold and then sealed at its edges, so 
that the mold is totally enclosed (Figs. 4 and 5). 

4. Drawing—The air underneath the plastic is 
pumped out, allowing the pressure of the atmossphere to wrap the soft plastic around the mold, 
taking its shape (Fig. 6). 

5. Cooling—The plastic is allowed to cool 
while the vacuum is maintained. The plastic 
hardens and regains its normal properties. 

6. Extraction—The finished part (Fig. 1, left) 
is cut out of the plastic. (Unfortunately, the excess 
plastic is waste which can rarely be reclaimed, 
even though it is inexpensive relative to other 
materials). The mold may also be removed at this 
time. Usually it can be removed intact, but ocas-
sionally it must be broken and removed in pieces. 

T H E B R A C E M A K E R 

The basic elements of the "Bracemaker" vac
uum-forming system (Fig. 2) are: 

1. an oven, for heating the plastic 
2. a rack, for handling the plastic 
3. a vacuum table, to support the mold and 

seal the plastic against air leakage during draw
ing 

4. a vacuum pump, for withdrawing the air 

Fig. 4. The plastic sheet is draped over the mold. The 
uprights are used to assist the operator in keeping the 
molten plastic sheet aligned with the table. 

Fig. 5. The plastic sheet and frame are brought in contact with the vacuum table 
so as to seal the enclosed area with respect to the atmosphere. 



Fig. 6. The air underneath the plastic is pumped out and the plastic follows the 
form made by the model and table. The form is retained faithfully by most sheet 
plastics upon cooling. 

Fig. 7. The rack for holding the plastic sheet during heating and forming. See 
Figures 8, 9, and 10 for further details. 

The oven is an ordinary household oven, either 
gas or electric. Because they are mass-produced, 
these ovens are far less expensive than the ac
ceptable alternatives. Yet, they are just as ade
quate as laboratory and industrial ovens are for 
this purpose. One can often be bought new for 
$200.00 or less. 

The rack (Fig. 7) has been designed especially 
for the vacuum forming process, and it holds the 
plastic sheet firmly about its perimeter even 
when the plastic is in the molten stage. Its special 
clamping devices, or " t r a p s " (Figs. 8 and 9), are 
designed to permit easy insertion and removal of 
the plastic, and to obviate the need for special 



Fig. 8. Details of the trap in the frame to hold the plastic sheet during heating and 
forming. 

Fig. 9. The plastic can be removed from the rack only when the hinge-traps are 
released. 

preparation of the plastic, such as drilling holes 
for bolts or pins. The spring-loaded continuous 
hinge digs into the plastic when tension is applied 
to pull it out. The traps must be released by hand, 
as shown in Figure 8, in order to free the plastic 
sheet. One end of the rack is removable to permit 

insertion of the sheet. To heat the plastic, the 
rack can be placed in an oven instead of one of 
the regular wire shelves. This arrangement makes 
it possible for the plastic to be placed in the oven, 
removed, and carried to the vacuum table without 
the need for handling the plastic itself. Because 



Fig. 10. Cross-section view of plastic sheet, rack, and vacuum table during a form
ing operation. 

the plastic sags several inches when heating, and 
becomes sticky and pliable, this handling ability 
is quite necessary for success. 

The vacuum table, also a special piece of equip
ment, is the basic work-surface of the "Brace
maker . " It is a low table, designed to sit a top a 
workbench. It incorporates a perforated surface 
on which the mold is placed and through which 
the air is withdrawn, a rim or vacuum seal which 
provides a seal against leakage (Fig. 9), a valve to 
control the rate at which the plastic is drawn 
around the mold, and a set of guides to aid in 
draping the plastic over the mold. 

The vacuum p u m p is nothing more than a sim
ple household vacuum cleaner with fittings to 
attach the suction hose to the vacuum table. 
Surprisingly, it is more than adequate for the job , 
and in fact is far better than vacuum pumps cost
ing four to twenty times as much because a vac
uum cleaner pump has a far greater tolerance for 
leakage than most other pumps, while still being 
able to draw the vacuum needed. 

The peripheral equipment needed varies with 
the raw material used and the end product de
sired. Tools for cutting out sheets of raw plastic, 
smaller cutting tools for extraction work, cast 
cutters, finishing tools, are all needed to some ex
tent in vacuum-forming. But there are many dif
ferent tools which can do these jobs, and most 
shops have a number of suitable tools already. 
For this reason such items are not supplied with 
the "Bracemaker ," but recommendations as to 
what is needed and what can be used are available. 

O P E R A T I O N 

A good example of the use of vacuum forming 
in orthotics is the procedure used to make an 
ankle-foot orthosis (AFO) . Figure 1 shows a con
ventional steel-and-leather orthosis on the right 
and a vacuum-formed plastic orthosis on the left. 
This type of plastic orthosis is, to date, the most 
widely used and highly developed of the vacuum-
formed appliances. 

The ankle-foot orthosis is usually made out of 
polypropylene sheet, most often 3/16 in. thick. 
Polypropylene is often called an "engineering 
plastic," and is noted for its ability to stand up 
to constant flexure, its resistance to "c reep ," its 
strength, its springiness, and its low cost. These 
are all useful properties for the A F O . Other useful 
available plastics are Lexan, ABS, and polyethyl
ene. The cost of plastic for each brace varies with 
material and supplier, but, at the t ime of this 
writing the average cost in the Boston area for 
polypropylene for one orthosis is $4.00. 

To make the mold for the A F O , a plaster cast 
of the patient 's lower leg and foot is taken, using 
standard techniques. The cast is then cut down 
the anterior wall with a cast cutter, and removed 
from the patient. It is then dusted thoroughly 
inside with talcum powder, sealed again usually 
with strips of plaster bandage, and filled with 
plaster of Paris. 

When the plaster has cured, the cast is stripped 
away, to reveal a positive model of the patient 's 
lower leg and foot. This model is finished to re-



move rough spots, and then tr immed at the toe 
and shin so that it will stand heel upwards on the 
vacuum table (Fig. 2). The mold is then covered 
with cotton stockinet, and placed on the vacuum 
table. 

A sheet of plastic is placed in the rack. The rack 
and plastic sheet are then inserted in the oven, 
which has been holding at 500°F. The rack 
should be placed in the top of the oven, with 
plenty of clear space underneath to permit the 
plastic to sag as it is heated. Within five minutes 
the plastic will begin to turn clear and sag. In two 
or three more minutes it will be clear all the way 
to the edges of the rack, and it will have sagged 
six to eight inches in the center. At this point it 
is ready to be removed from the oven (Fig. 3). 

The vacuum pump is turned on, and the vac
uum control valve is opened to one quarter-turn. 
The rack containing the heated plastic is removed 
from the oven, carried to the vacuum table, lifted 
high over the mold, and draped smoothly down 
over it (Fig. 4). The rack is pressed down onto the 
table (Fig. 5), stretching the plastic over the rim 
which surrounds the vacuum surface, and form
ing the vacuum seal (Fig. 9). The plastic will be
gin to draw down over the mold, and the rate of 
draw can be adjusted by further opening or clos
ing the vacuum valve. Once the plastic is properly 
drawn down, the valve should be adjusted so that 
it does not draw further, but still remains tight on 
the mold (Fig. 6). The vacuum is left on until the 
plastic hardens—in two or three minutes. 

Once the plastic has cooled thoroughly, it can 
be removed from the rack. The orthosis can then 
be rough-cut out of the plastic, and the mold re
moved. (The mold can normally be re-used, 
should that be necessary.) The orthosis is then 
finished to the proper shape, but left a little over
size at the ankle. The ankle area is where the 
orthosis flexes the most, and the size of this sec
tion is critical to the corrective force the orthosis 
provides to the patient. It is necessary t o leave the 
ankle stiffer than is thought to be necessary, so 
that material can be t r immed away during patient 
trials until the correct amount of stiffness has 
been reached. 

A strap with a Velcro closure is riveted at the 
top of the orthosis, so it can be fastened to the 
patient 's leg (see Figure 1). The lower part of the 
orthosis inserts into the patient 's shoe as if it were 

part of his foot. N o other at tachments are neces
sary. 

Should the patient find the orthosis to be 
irritating at some point, or some other flaw is 
discovered, minor changes in the orthosis can be 
made. Small areas of the plastic can be re-heated 
with an electric heat gun or a propane torch, and 
bent by hand to a new configuration. However, 
major modifications by this method are rarely 
successful, and usually a new molding is required. 

The final finishing of the orthosis should in
clude fire-polishing. This process extends the life 
of the orthosis by removing microscopic cracks 
left on its edges by previous finishing operat ions. 
These cracks are where the stresses in the plastic 
become highest, and where breakage is most like
ly to start. Playing the blast (but not the actual 
flame) from a propane torch along the edges of 
the brace will cause a small amount of plastic to 
melt there. When the melted plastic cools it forms 
a smooth bead, which should be devoid of cracks. 

P R O J E C T STATUS 

In May of 1974 we began the distribution of a 
small number of pre-production "Bracemakers" 
to hospitals and brace shops in the New England 
region and in New York. The object was to test 
the machine in the field and to gain a base of 
experience outside of our own facilities. As of this 
writing we have had machines in the field and in 
operation for over a year, with encouraging re
sults. We estimate over three hundred orthoses 
have been made on our machines. Most of these 
have been AFO' s , but a number have been experi
mental orthoses of other varieties. The private 
orthotics facilities using our machine have shown 
a definite ability to custom-manufacture plastic 
orthoses. 

Our future plans for the "Bracemaker" project 
aim at the development of a self-perpetuating 
technology. This includes the development of a 
production model of the "Bracemaker ," the dis
tribution of machines to facilities throughout 
the country, and the establishment of a clearing
house for the assembly and distribution of infor
mation on vacuum-forming. In addition, we in
tend to continue our research into new uses for 
vacuum-formed parts in rehabilitation medicine. 





KINEMATIC ANALYSIS OF THE HUMAN ELBOW 

C . W . Beadle 1 and M. E. O'Brien 1 

This note describes a simple method for making 
a kinematic analysis of the elbow for the purpose 
of confirming how closely the elbow can be con
sidered a pure hinge joint and for determining the 
location of this hinge point in order to properly 
design and fit a lower arm orthotic device. An 
anatomical description of elbow motion has been 
given by Taylor (2) and many others. The radius 
and ulna are generally considered to rotate about 
the elbow axis in the manner of a simple hinge. 

Assuming planar motion, the relative motions 
of two rigid bodies such as the forearm bones can 
be described by two curves called the fixed and 
moving centrodes. The moving centrode rolls 
without slip on the fixed centrode as shown in 
Figure 1. There is a unique pair of centrodes for 
any given relative motion. While there are other 
methods for describing relative planar motion be
tween two rigid bodies such as a generating curve 
and an envelope, the centrode method proves to 
be the easiest to obtain experimentally and a sim
ple apparatus was designed which measures and 
records the motion of the elbow joint . From this 
data, the centrodes can be determined. The meth
od is similar to that described by Freudenstein 
and Woo (1) for the analysis of knee motion. 

One of the two members (rigid bodies) is sta
tionary while the other is allowed to move with 
its natural motion. At least two marking pens 
attached to the moving member at two different 
positions such as A and B in Figure 1 trace out 
different paths (A - A' and B - B') while the mem
ber moves. There must be a means of identifying 
points on the two curves which were traced at the 
same time. A point on the fixed centrode is deter
mined by erecting a normal (i.e., a perpendicular 
to the tangent) to each curve at any such pair of 
points. The intersection of these two normals de
termines one point on the fixed centrode. This 
process is repeated for many pairs of points on the 
two curves traced out by the moving member. The 
curve fitted through the resulting series of inter
section points becomes the centrode. 

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

The apparatus is shown in Figure 2. The upper 
arm is held rigidly against a horizontal board 
while the lower arm sweeps from full flexion to 
full extension along side a vertical board. A pen 

1College of Engineering, Department of Mechanical 
Engineering, University of California, Davis. 

Fig. 1. Fixed and Moving Centrodes 

Fig. 2. Tracing Apparatus 



holder strapped to the lower arm records three 
point paths on the board. The wrist joint is 
wrapped to prevent motion. The elbow is placed 
against a dowel for initial positioning with the 
arm in full flexion, and the upper arm is strapped 
in place. When the dowel is removed, the lower 
arm can be placed in full extension. While the 
three point paths are being traced, the board is 
vibrated lightly so that reference marks are left 
spaced along the three paths and it is then pos
sible to know the simultaneous positions of the 
three pens at several positions along the paths. 
The intersection of the normals determines a 
point on the centrode of the upper arm (Fig. 3). 
While only two normals are necessary, the third 
serves as a check on accuracy. Eighty percent of 
the intersections of all the normals were found to 
be in a circle of diameter 7.95 mm (.313 inch). The 
centrode of the lower (moving) arm could be de-

termined by the inverse process but this was not 
carried out for reasons described below. 

DISCUSSION A N D RESULTS 

Since the fixed centrode lies within a 7.95 mm 
(.313 inch) diameter circle, it is clear that regard
less of the shape of the moving centrode, the el
bow joint can be closely approximated by a pure 
hinge. Indeed some of the deviation from pure 
hinge motion may well be caused by cartilage 
compression, muscle action, stress on the elbow 
due to load, etc. A check on the accuracy of this 
approximation was made by retracing the three 
point paths with a compass placed at the center 
of the 7.95 mm circle. The greatest deviation from 
the original paths was .76 mm (.030 inch). 

Since the elbow may be reinserted into the mea
suring device after the data has been reduced and 
the pivot point found, the axis of the elbow hinge 
can be clearly marked on the test subject. If the 
patient is to be fitted with an orthotic device, he 
should of course be wearing the cuff or sleeve on 
the upper arm that will be used in the device dur
ing both the determination of the centrode and 
during the determination of the hinge point. 

Fig. 3. Determination of a Point on the Fixed Centrode 

R E F E R E N C E S 

1. Freudenstein, F. and L. D. Woo, Kinematics of 
the human knee joint, Bull. Math. Biophysics, 31, 215— 
232, 1969. 

2. Taylor, C . L . in "Human Limbs and Their Sub
stitutes" (edited by P. E. Klopstog and P. D. Wilson), 
pp. 192-198, Hafner, New York. 



THE ORTHOTIC CARE OF THE DENERVATED FOOT 
IN HANSEN'S DISEASE 

Carl D . Enna, M.D. , F .A.C.S. 1 , 
Paul W. Brand, C.B.E., F .R.C.S . 2 , 
Joseph K. Reed, Jr . 3 , and 
David Welch 4 

Problems of the denervated foot in Hansen's 
disease (Leprosy) are due to both sensory loss and 
motor impairment with deformity resulting from 
peripheral nerve paralysis. Neither feature need 
be harmful providing prophylactic measures of 
orthotic care are instituted. It is still another 
factor, namely t rauma or infection, or both, 
imposed upon insensitive and deformed areas that 
is responsible for destruction of the foot. The 
control of these problems therefore is based upon 
avoiding extrinisc t rauma and particularly upon 
elimination of intrinsic t rauma resulting from the 
repetitive stresses of walking and standing in un
suitable footwear. The latter feature is the basic 
principle of the orthotic care that is indicated (1). 

The total management of the denervated foot 
of Hansen 's Disease is carried out in three phases. 
All wounds, particularly those affecting the 
plantar surface, must be healed. This is accom
plished by eliminating weight-bearing through 
bed rest or by applying a walking cast. When 
healing has been obtained, gross deformities are 
corrected surgically with restoration of the form 
and action of the foot to as nearly normal as pos
sible. In the last phase, because of persisting 
residual anatomical and functional impairments, 
orthotic care is provided by altering the footwear 
to compensate for these changes (5). 

When patients possess gross deformity which 
cannot be corrected because surgery is contraindicated, these deformities are more difficult 
to manage because modified footwear may not 

1Chief of Surgical Department, U.S. Public Health 
Service Hospital, Carville, La. 

2 Chief of Rehabilitation Branch, U.S. Public Health 
Service Hospital, Carville, La. 

3 Formerly Chief of Orthotic-Prosthetic Department, 
U.S. Public Health Service Hospital, Carville, La., 
Reassigned to National Institutes of Health Clinical 
Center, Bethesda, Md. 

4Orthotist, Orthotic-Prosthetic Department, U.S. 
Public Health Service Hospital, Carville, La. 

relieve completely the high pressure points on the 
plantar surface. Such patients may remain con
fined to a wheelchair a greater part of the time; 
however, some degree of benefit is obtained by 
bearing weight intermittently for short distances 
during which time t rauma is of short duration 
and relatively less intense, with recovery more 
likely to occur within the periods of rest ob
tained with use of the wheelchair. 

The U.S. Public Health Service Hospital at 
Carville, Louisiana, is devoted to the care of pa
tients with Hansen 's Disease. The foot care pro
gram here includes a preliminary study of clinical, 
radiographic, and footprint examinations. The 
findings are correlated to determine if the prob
lems are static or dynamic or both, in origin, if 
there are indications for surgical correction of 
pathologic deficits, and to determine the ap
propriate prophylactic measures to preserve the 
foot by preventing the recurrence of complica
tions. 

Manifestations of paralysis of the peripheral 
nerves vary from minimal isolated changes of 
sensory loss to patterns conforming to the distri
bution of the affected peripheral nerves, or the 
more extensive pattern of "s tocking" distribu
tion, and the deformities of claw toes and drop 
foot. These changes may exist alone or be as
sociated with secondary changes of absorption 
and contractures. Also, even after surgery, vary
ing degrees of deformity that require orthotic 
care may exist. 

In Hansen 's Disease, the foot may be classified 
arbitrarily into four categories: (The same classifi
cation applies to the denervated foot from periph
eral nerve paralysis from any cause.) 

Category I - the foot is grossly normal but 
possesses loss of plantar sensation. 

Category II - the grossly normal foot possesses 
loss of plantar sensation and plantar scarring, 
commonly affecting the ball of the foot. 



Category III - the foot is deformed with loss of 
p lantar sensation and plantar scarring; however, 
the length and width of the foot is not affected 
appreciably. 

Category IV - the pathologic short a n d / o r 
narrowed foot is due to metatarsal phalangeal or 
lateral ray absorption or to amputat ion. 

T Y P E S O F F O O T W E A R F O R T H E 
D E N E R V A T E D F O O T 

Four general types of footwear have been de
veloped for the denervated foot at this hospital. 
These include the sandal, a "healing shoe", the 
modification of a regular shoe including the 
extra-depth shoe, and a custom fabricated shoe. 

S A N D A L S 

Sandals are prescribed to be worn immediately 
following the healing of plantar ulcers or post
operative wounds while the patient is waiting for 
shoes being fabricated or for the delivery of pur
chased shoes. Some patients like these sandals 
and choose to wear them most of the time even 
when definitive shoes have been provided. Two 
types of sandals have been made; a simple 
"quickie" and a modified "c log" . 

The "quickie" sandal is simple in construction, 
and is made available to the patient in a matter 
of 20 to 30 minutes. It consists of a soft, flat insole 
of expanded polyethylene foam backed with a 6 
mm-thick microcellular rubber, which is attached 
directly to an outer sole of neoprene crepe rubber 
(Fig. 1-A). The patient stands on the heated foam 
before it is attached to allow the foam to conform 
to the contour of the foot. 

The "c log" sandal (Fig. 2) requires a twenty-
four hour period to make. It has a thick base con
sisting of a polyethylene insole fully molded in 
its entire extent, and is supported by a neoprene 
crepe sole with a mixture of wood flour and latex 
placed between the soles to maintain the molding 
of the insole (Fig. 1-B). The "c log" sandal pos
sesses significant practical advantages over the 
simple "quickie" type, and is therefore preferred 
whenever possible. The sandals are held to the 
foot with straps made of cotton webbing and 
Velcro tape. 

Fig. 1A. The soft non-molded insole (a) which does 
not distribute the weight bearing pressures evenly and 
completely to the plantar surface (A2). 

Fig. IB. A molded insole (a) fitting against the plantar 
surface to distribute the weight bearing pressures 
evenly to the plantar surface. 

Fig. 2A. Lateral and, B, sagittal views of the molded 
clog sandal. 



T H E H E A L I N G S H O E 

The "healing shoe" was developed as a com
promise when the patient refuses absolute bed 
rest or will not tolerate a plaster cast. It is made 
over a recently made plaster model of the foot and 
ankle. A molded insole of polyethylene is then 
made and fastened to the model by tape. The en
tire model and insole are then covered with 
polyethylene, from the heel forward to include 
the quarter and vamp of the shoe. It is made in 
a manner so that the insole can be removed for 
adjustment or replacement. This is reinforced 
by lamination with polyester resin, nylon stocki
nette, and a layer of fiberglass upon which a crepe 
rubber sole is applied (3). The shoe is taped to 
the foot so that it can not be removed except by 
a staff member. Since the introduction of Lite 
Cast I I 5 , it is now possible to use this material 
instead of the polyester resin, with a considerable 
savings of time. 

T H E M O D I F I E D R E G U L A R S H O E 

A third type of footwear is the modified regular 
shoe. The shoe is available for purchase with 
regular or extra depth. Alterations are made 
mainly of the insole and outer sole, for the pur
pose of relieving high pressure points by dis
tributing weight-bearing forces evenly to the 
plantar surface of the foot while standing and 
during propulsion. The extra depth shoe is de
signed so that the insole, which may vary from 
6 to 12 mm. in thickness, can be removed and a 
custom-made insole of polyethylene can be sub
stituted. 

Soft insoles are inexpensive but require fre
quent replacement. They may be molded or not. 
To be effective, the non-molded insole must be 
of sufficient thickness so that the foot can sink 
completely into the material yet leave some re
silient padding under the prominent parts of the 
foot. This type of insole is used only in open 
sandals because the movements of the foot in a 
shoe with such an insole makes it prone to dam
age from friction. The effectiveness of a thin, 
soft, non-molded insole is questionable, and thus 
it is used only for feet without deformities which 
do not need relief for high pressure points. Per-

haps the best insole of this type is the Spenco 
insole, a microcellular rubber material covered 
with nylon to reduce friction and shear. 

A molded insole has the advantage of dis
tributing weight-bearing pressures over the en
tire plantar surface, but it occupies space which 
necessitates an extra-depth shoe to accommodate 
it. The need for this type of insole and shoe can be 
predetermined by using the thin " H a r r i s " foot 
mat (4) or the microcellular slipper sock (2) 
placed within a shoe and tested while walking. 

Materials used for the construction of insoles 
fall into two categories, a closed cell polyethylene 
foam material and microcellular rubber. The 
polyethylene foams can be molded in a heated 
condition directly on the foot or on a model of 
the foot. Three polyethylene materials have been 
employed; Plastizote 6 , Pelite 7 , and Ali Plast 8 . 
Plastizote is available in 3 mm., 6 mm., and 13 
mm. thicknesses. We have employed the 6 mm. 
sheet as thin material and the 13 mm. as thick 
material. The 3 mm. thick Plastizote is too thin 
for therapeutic use. The 6 mm. (" thin") layer 
is generally used when the insole is supplemented 
with a supporting material, whereas the 13 mm. 
("thick") layer is often used without additional 
support . 

Pelite is available in medium and firm densities, 
and is available in 3/16-in., 3/8-in., and 1/2-in. 
thicknesses. The popular thickness used here is 
the 3/8-in. firm layer of Pelite which is usually 
combined with Plastizote to give it added support . 
It is used as an alternative to microcellular rubber 
because it can be bonded to Plastizote at the time 
of initial heating and then molded directly over 
the foot. 

Ali Plast has been recommended as a substitute 
for Plastizote. It is available in two forms. Ali 
Plast 4E is similar in density to Plastizote. It is 
supplied in 24 in. x 36 in. sheets of 1/4 in. and 
1/2-in. thicknesses. Ali Plast 6A is slightly more 

5 Available from the Orthopedic Co., Inc., Merck, 
Sharp & Dome, West Point, Pennsylvania 19486. 

6Patented by Bakelite Xylonite, Ltd. Available from 
Smith and Nephew, Ltd., Bessemer Road, Hertford
shire, England; or The Knit-Rite, Inc., Paramedical 
Distributors, 1121 Grand Avenue, Kansas City, 
Missouri 64106; or the Apex Foot Products Corp., 
118 West 22nd Street, New York, New York 10011. 

7Available from Fillauer Orthopedics, 936 E. Third 
Street, Chattanooga, Tennessee 37401; or the Apex 
Foot Products Corp., 118 West 22nd Street, New York, 
New York 10011. 

8 Available from Ali Med., 11 Concord Square, 
Boston, Massachusetts 02118. 



dense than Plastizote, and is recommended as a 
backing for Ali Plast 4E. It is supplied in 21 in. 
x 36 in. sheets of 1/8 in., 1/4 in., and 1/2 in. 
thicknesses. Its use here has been limited in 
deference to Plastizote. 

Two kinds of microcellular rubber are em
ployed, plain Neoprene 9 and a nylon reinforced 
neoprene, the Spenco insole 1 0 . Plain neoprene is 
classified as R-425-N, and R-431-N. The R-431-
N is slightly denser than R-425-N and both are 
available in the 3-mm. and 6-mm. thickness. The 
material is used mainly to support the molded 
Plastizote insole, provide additional softness, and 
can be bonded to the underside of the insole by 
contact cement. The 3-mm. sheet is used because 
there is minimal distortion and less difficulty 
attaching it to the edges of the insole. Several 
layers can be added to increase the softness of the 
insole. The Spenco insole is microcellular rubber 
covered with a thin layer of nylon which gives 
the rubber stability with a capability of stretching 
in all directions, yet upon release it resumes its 
original state. The addition of nylon makes this 
an expensive item but it preserves the microcellu
lar rubber to give it longer wear as well as pro
ducing less friction. It is used alone for the grossly 
normal foot with an insensitive sole, or it may 
be used to complement the molded Plastizote in
sole when it is placed over it. 

Plastizote has been used almost exclusively as 
the basic layer for soft molded insoles. It is 
molded by heating to 140°C for three minutes 
after which it is applied directly to the foot or 
to a plaster model of the foot. Other materials, 
Pelite and microcellular rubber, have been used 
to complement the molded Plastizote. A combi
nation is used when weight-bearing forces are 
excessive and, although tests may suggest an even 
distribution of the plantar pressures, real-life 
activity demonstrates that the Plastizote alone 
does not provide adequate protection. Every 
model of the foot must be of recent origin, prefer
ably being made immediately before it is used, 
as a model with a long "shelf life" may not 
represent the present deformity exactly, and 
molded insoles prepared from them should not 
be expected to protect adequately the plantar 
surface. 

Though patients with normal plantar sensation 
may wear conventional shoes possessing leather 
insoles without problem, they are not recom
mended for the sensory denervated foot as they 
are potentially harmful. The addition of a Spenco 
insole is a simple measure that provides protec
tion for the foot that has no deformity, but lacks 
sensation. 

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

The outer sole of footwear may be hard as re
flected in the use of leather or it may possess a 
resiliency in the form of a neoprene crepe sole. 
When the outer sole is modified, it is altered to 
alleviate plantar pressure as the foot " ro l l s" 
or " rocks" forward during propulsion. Two 
modifications are made to provide a forward roll 
on the foot in gait. The metatarsal bar (Fig. 3) is 
placed under the metatarsal shafts to receive some 
of the weight ordinarily transmitted to the meta
tarsal heads which is now vulnerable to injury 
on account of plantar scarring and underlying 
bone deformity invovling the metatarsal heads. 
The second modification is the 'rocker sole' 
which is used when the foot is short. 

The short foot is most difficult to manage due 
to shortening of the toe lever which makes the 

9Obtainable from Rubatex Corp., Bedford, Virginia 
24532. 

l 0 Obtainable from Spenco Medical Corp., P.O. Box 
8113, Waco, Texas 76710. 

Fig. 3A. Lateral and, B, sagittal views of a regular shoe 
with a deep toe box and a metatarsal bar. 



distal ends prone to damage during the push-off 
phase. This foot presents an even greater problem 
when a concealed drop foot with functioning 
plantar flexors exists. Grossly, the short foot is 
classified as having either one-third or two-thirds 
loss of the forefoot. Where there is loss up to one-
third, the foot may be fitted with a regular or 
extra depth shoe but with specific modifications 
(Fig. 4). A molded soft insole and a rocker sole 

are basic, with a molded filler for the toe box. 
The part of the shoe beyond the end of the foot 
must be prevented from taking weight by keeping 
it turned upward and held by a steel shank 
(Fig. 5). 

The markedly short foot requires a custom 
fabricated shoe to fit the foot (Fig. 6). It is made 
on a model of the foot. The soft insole is molded 
on the entire length of the plantar surface, and 
an outer rocker sole occupies the entire length of 
the shoe to receive the body weight with an even 
and wide distribution of its pressures to the plan
tar surface (Fig. 2). It is also necessary to turn the 
forepart of the shoe upward thirty degrees or 
more so that the foot " r o c k s " forward. The pres-

sure is still taken on the proximal part of the 
shoe, but not distally since the long lever would 
multiply the thrust on the end of the foot. The 
upward turning of the forepart of the shoe also 
serves to help the foot to clear the gound as it is 
raised to enter the swing phase. The rocker shoe 
" rocks" forward when there is unilateral in
volvement. However, with both feet shortened, 
requiring custom fabricated rocker shoes, the pa
tient's gait becomes modified with flat steps and 
short strides. The steel shank prevents collapse 
of the sole complex and provides an even trans
mission of body weight to the foot through the 
rocker mechanism. 

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

The Category I denervated foot presents the 
problem of only one deficit, the loss of sensory 
perception on the plantar surface. This type of 
foot requires a soft insole within a proper fitting 
shoe, with the addition of a Spenco insole worn 
on a prophylactic basis. If the footprints or the 

Fig. 4A. Lateral and, B, sagittal views of a "rocker" 
mechanism applied to a shoe of regular length. 

Fig. 5A-1&2. A rocker mechanism applied to a regular 
length shoe fitted to a foot with 1/3 loss of forefoot. 

Fig. 5B-1&2. A short shoe fabricated with rocker 
mechanism to fit an extremely short foot. 



Fig. 6A. Custom fabricated shoe for a short foot. 

Fig. 6B. Short boot required to stabilize the ankle to 
maintain balance. 

microcapsule sock demonstrates an uneven dis
tribution of the plantar pressures, a molded 
Plastizote insole is indicated. These insoles are 
used instead of the insole of a factory-made extra 
depth shoe, and because they are removable re
placement when indicated because of wear is 
facilitated. 

The Category II denervated foot possesses two 
deficits, loss of plantar sensation and loss of 
subcutaneous tissue with scarring. This foot 
requires a molded insole, which is preferably 
made of Plastizote. Should Plastizote alone be 
inadequate to relieve the plantar high pressure 
points, the Plastizote insole is complemented by 
the addition of either Pelite or microcellular 
rubber. These insoles require an extra depth shoe 
to accommodate them. 

In the Category III denervated foot, there is 
in addition to loss of plantar sensation and scar
ring, the presence of deformity. Gross deformi

ties such as claw toes and drop foot are remedi
able by surgery unless contraindicated for general 
health reasons. Absorptive bone changes, par
ticularly at the metatarsal phalangeal joint level, 
which may result in abnormal bony prominences 
on the plantar surface can usually be managed 
with orthotic measures. The basic provision is 
the molded Plastizote insole alone or supple
mented by a layer of microcellular rubber. In the 
case of rigid claw toes, an extra depth shoe with 
a deep toe box usually provides adequate space. 
In advanced cases of metatarsal phalangeal 
damage with scarring, a metatarsal bar placed 
proximal to the joint level transfers part of the 
body weight to the metatarsal shafts to alleviate 
the metatarsal heads from compression and shear 
forces (Fig. 5A-1&2). When ulceration recurs in 
spite of adapted footwear, surgery may be ad
vised to remove a bony prominence or to move 
the whole line of metatarsal thrust to a more 
proximal and less scarred level by metatarsal 
head excision. This will be of permanent benefit 
only if the patient continues to wear specially 
modified footwear. 

In Category IV, the denervated foot is short, 
because of either a complete transverse metatar
sal phalangeal absorption or amputat ion. A regu
lar shoe, usually requiring extra depth, can be 
modified to fit a foot with loss of less than one-
third of the forefoot. This will result in only little 
change in the gait pattern. However, an extremely 
short foot is best managed with a shoe fabricated 
to fit the foot exactly. Here the custom fabricated 
shoe with a molded Plastizote insole and a 
" rocker" mechanism is employed (Fig. 5B-1&2). 

M E T H O D S F O R ASSESSING P L A N T A R 
P R E S S U R E S 

The " H a r r i s " footprint mat is used for assess
ment in diagnosis and treatment. It is a simple 
practical method that is inexpensive and provides 
a permanent record. The thick mat is used with 
bare feet for routine study, whereas the thin mat 
is used within the shoe (4). Its main limitation is 
that it does not record pressures on the sides and 
dorsum of the foot. When measurement of pres
sures are desired of the lateral a n d / o r dorsal 
aspects of the foot, these can be determined by 
use of the microcapsule sock (2). 



S U M M A R Y 

The use of modified types of footwear have 
been effective in preserving the denervated foot 
of Hansen 's Disease. Their prophylactic value is 
especially significant when they are employed for 
the insensitive and deformed foot. Of equal im
portance is use of them following corrective sur
gery to obviate further damage to the foot. 

Corrective orthotic measures are never em
ployed for the purpose of overcoming deformity 
because abnormal forces may be created that are 
potentially dangerous to the denervated foot. 
The objective of orthotic care for the denervated 
foot is to provide a soft molded insole to fill 
spaces that are void, thereby increasing the sur
face area receiving pressure yet provide relief of 
points of high pressure. Once this is accom
plished, it can be maintained through recheck 
examinations at regular intervals when worn 
parts of the footwear are replaced. This type of 
patient is never discharged, but instead remains 
under the constant surveillance of the physician 
and orthotist . 
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THE MODIFIED OR MINIHALO 

W. Heath Harvey, C.P.O. 1 

Louis A. Hazouri , M . D . 2 

A 14-year-old, white female was hospitalized 
from an automobile accident which resulted in a 
fracture-dislocation of C-4 and C-5 vertebrae. 
The patient was on her way from church, riding 
in the rear of an automobile, when it was struck 
from behind. She was seen in Langdale, Al
abama, where she was evaluated by a physician 
who referred her after it was certain she had a 
fracture-dislocation of C-4 and C-5 vertebrae. 
The patient had complained of neck pain as well 
as tingling in the upper limbs. 

She was placed in complete bed rest and was 
fitted with a hard cervical collar, before being 
transferred to the Columbus Medical Center 
where examination revealed that all limbs had 
some degree of weakness with poor coordination 
of the upper limbs, even though she was able to 
open a package of chewing gum. The patient was 
cooperative, alert, well-developed, well-nour
ished, oriented as to time and place, but com
plained of headaches as well as generalized neck 
pain. Her heart and lungs were clear. Her blood 
pressure was 110/70. Her pulse was regular. 
There was no evidence of any damage to the 
lungs. There was evidence of contusion about the 
right scalp. The cranial nerves revealed no ev
idence of any intracranial pressure. The pupils 
were round, regular, equal, and reacted to light 
and accommodation. 

On 5/14/75 Gardner tongs were applied. 
On 5 /14/75 , X-rays revealed a vertical fracture 

line through the posterior aspect of the C-4 
vertebral body. Good head position and align
ment were evident. Follow-up at 6:30 p.m. 
showed similar findings. 

On 5/15/75 X-rays revealed slight subluxation. 
The equipment was readjusted and rechecked two 
hours later, revealing satisfactory abduction and 
good alignment. 

At 7:30 a.m., 5 /16 /75 , X-rays again showed 

fracture of the vertebral body. However, at this 
time there was some anterior slipping of the C-4 
vertebra with respect to C-5, amounting to five 
or six millimeters, which indicated fracture in
stability in the arch. A repeat lateral view taken 
with better extension shows good position and 
alignment as noted in the intial two studies. 

On 5/21/75 the patient was taken to surgery. 
Disc excision and fusion was carried out on the 
C-4 and C-5 vertebrae. Subsequent to disc exci
sion and fusion, the patient was maintained in 
traction. 

On 6 /9 /75 consideration was given to pro
viding the patient with an orthosis. Because we 
had had quite a bit of trouble with the four-bar 
cervical orthosis, its use was ruled out if we could 
find something better. A halo was discussed, but 
it, too , was ruled out. 

It was decided that we would make a mini or 
modified halo, with the use of the Gardner tongs. 

A molded Plastizote collar was securely and 
firmly fitted to the patient. Plaster-of-Paris 
bandages were wrapped around the collar, not 
only to secure it, but also to provide a firm base 
for application of the modified halo. The Gardner 
tongs were left intact but the weights were re
moved from the traction. Four turnbuckles were 
secured to the Gardner tongs: one on each side 
attached to the anterior aspect of the collar, and 
one on each side attached to the posterior aspect 
of the collar. These turnbuckles were placed on 
the Plastizote collar in the position where the 
plaster-of-Paris had been wrapped around, and 
were secured to the collar with the plaster-of-
Paris both anteriorly and posteriorly. The patient 
was placed in slight hyperextension to maintain 
the position that had been held during traction. 

When the plaster-of-Paris had dried, the turn
buckles were opened slightly to reduce the pres
sure on the patient 's chin and also to give some 
traction. That afternoon the patient was allowed 
to stand and walk a few steps. The next day she 
went to physical therapy. The only discomfort the 
patient complained of was a small abrasion on 

1Certified Prosthetist-Orthotist: 1306 Broadway, 
Columbus, Georgia 

2Neurosurgeon: 1519 Thirteenth Avenue, Columbus, 
Georgia 



her chin which was corrected easily by opening 
the turnbuckles. 

On 6 /14 /75 the patient was dismissed from the 
hospital. Her response had been excellent and she 
and her mother had been instructed carefully in 
reference to the care of the patient and the or
thosis. 

Contact with the patient on June 25, 1975 re
vealed that she was having no problems with the 

orthosis. It was very comfortable, and she was 
able to go about her normal activities each day. 
She was very pleased with the results. 

We have concluded that use of this modified or 
minihalo has proved to be most comfortable, ef
fective and simplest to manage of any of the 
cervical braces that we have ever used. This 
method does not preclude the use of the " H a l o , " 
but can serve as an alternative in most cases. 

Fig. 1. Three views of the patient with the minihalo. 



ULTRA-LIGHT PROSTHESES FOR 
BELOW-KNEE AMPUTEES 

A PRELIMINARY REPORT 

A. Bennett Wilson, J r . 2 

Melvin Stills, C .O . 2 

It seems self-evident that for the older lower-
limb amputees the lightest limb possible, con
sistent with safety, is desirable. Recommenda
tions to this effect have been made from time to 
t ime but little attention was paid to them. Dr. 
Joseph Barredo, a physicist retired from the 
Atomic Energy Commission, and a below-knee 
amputee owing to t rauma, has been emphasizing 
the importance of weight reduction to research 
and development laboratories, since 1972 (1). 
Actually a method for producing an extremely 
light below-knee prosthesis was reported by 
Wollenstein in 1972 (3) (Fig. 1), but the method 
is expensive in that the labor required is quite 
high relative to conventional practice. 

At first glance, it appears that the so-called 
pylon, or endoskeletal, prostheses would be 
lighter than the crustacean type, but closer scruti
ny reveals that the crustacean type, when properly 
engineered and fabricated, can be much lighter 
and provide the same strength characteristics. 

Two factors make the crustacean type superior 
with respect to the strength-weight ratio. First, 
the further away the outer fibers of a structure 
are from the central axis, the larger is their lever 
arm, and therefore the greater is their resistance 
to bending about the central axis. Fur thermore 
the need for a separate foot-ankle unit can be 
eliminated, resulting not only in weight reduction 
but in less need for maintenance. Obviously, 
weight reduction reduces suspension problems. 

Advances in vacuum forming of sheet plastics 
in orthotics and prosthetics show promise of 
making it practical to provide an extremely light, 

1This work was carried out with partial support from 
the Rehabilitation Services Administration under the 
terms of Research Grant #23P-55518 

2 Krusen Center for Engineering and Research, Moss 
Rehabilitation Hospital—Temple University, 12th 
Street and Tabor Road, Philadelphia, Pennsylvania 
19141 

all plastic, crustacean-type, below-knee leg 
similar to the Wollstein design. Some develop
ment work to achieve this goal has been started 
at the Rehabilitation Engineering Center at the 
Krusen Center for Research and Engineering. 

Fig. 1. Cross-section view of the Wollstein below-knee 
prosthesis. Wollstein used standard laminating tech
niques to achieve a crustacean shell. The functions of 
the SACH foot are provided by the cushion heel and 
sole that are added. The shape of the foot section can, 
of course, be altered to provide any function that can 
be provided by the SACH foot concept. 



Although, it was felt that the older patients 
with medical problems other than amputat ion 
would appreciate the reduction in weight the 
most, two young healthy male below-knee ampu
tees were chosen as subjects because they were 
reliable, and could be counted upon to give their 
reactions clearly and without bias. 

The basic approach of Wollstein has been used, 
but new materials and fabrication techniques 
have been introduced. 

A hollow polypropylene foot-ankle unit (Fig. 2) 
with removable sole and heel is used for align
ment trials with a vacuum-formed polypropylene 
socket (2) and an adjustable shank (Fig. 3). The 
aligned assembly is placed in a vertical transfer 
fixture (Fig. 4), the shank is removed, the top of 
the foot-ankle unit is cut off (Fig. 5), and the 
space between the sole to the proximal area of the 
socket is filled with a rigid foam that is foamed in 
place. The polypropylene foot shell is cut away 
and the foam is shaped to match the contralateral 
shank (Fig. 6). The anterior and posterior sec
tions of the foot and shank are molded of poly
propylene (Fig. 7). These sections along with the 
polypropylene socket are welded together and the 
sole and heel wedge are secured to the foot section 
to form a strong but extremely light PTB-type 
prosthesis (Figs. 8 and 9). 

The foot-ankle unit for walking trials was also 
made of polypropylene by vacuum forming main
ly because it offers an easy way to fabricate such 
a unit in the laboratory. Once the shapes for 
various sizes are standardized, they can probably 
be mass-produced for sale to individual facilities 
to be used with an adjustable shank from patient 
to patient. 

Fig. 2. The hollow polypropylene foot-ankle unit used 
in the experimental work. Units that will not require 
fabrication in the individual facility will be practical 
when the various techniques involved in the total system 
are refined. 

Fig. 3. Walking trials using the vacuum-formed poly
propylene socket. The weight of the currently available 
adjustable legs requires use of the conventional supra
condylar strap. 

Fig. 4. Trial unit in the vertical transfer fixture. 



Fig. 5. Polypropylene socket and foot unit in the verti
cal transfer fixture after the shank has been removed 
and the top of the "foot" has been cut off. The top of 
the foot unit is removed to receive the rigid foam that 
will be foamed in place to provide a positive model for 
forming the prosthesis. 

Fig. 6. Positive model ready for the foaming process. 
Note that the polypropylene shell for the foot has been 
removed. 

Fig. 7. Positive model with the anterior portion of the polypropylene shank trimmed and 
reinstalled in preparation for formation of the posterior portion. 



Fig. 8. The completed polypropylene ultra-light below-
knee prosthesis ready for fitting. 

Fig. 9. The ultra-light below-knee prosthesis worn by 
patient. Note the light suspension strap. 

S O M E R E S U L T S 

Experiences with the two subjects to date 
follow: 
Case N o . 1 

Case N o . 1 is a 21-year-old male, 5'10" in 
height, 145 lbs. in weight, with a right below-
knee amputat ion as a result of a motorcycle ac
cident. The s tump is scarred and has been diffi
cult to fit comfortably. His conventional pros
thesis weighs 4.25 lbs and he has worn it for 2 1/2 
years. He has been provided with 3 different 
polypropylene prostheses during the development 
period so far. The first experimental prosthesis 
failed structurally because of poor forming tech
nique. The second experimental prosthesis weighs 
2.7 lbs, and he has worn it 3 months because he 
prefers it to his conventional PTB. The third 
prosthesis weighs 1.5 lbs. but the socket does not 
fit as well as the socket in the second one, so he 
wears it only on special occasions. The subjects 
initial reaction was that it felt much lighter and 

required less energy to use. The subject wears his 
prosthesis daily for work and during sports acti
vities such as football and swimming. Although 
waterproof, the buoyancy causes difficulty in 
swimming. This problem can probably be over
come without too much difficulty. 

Case N o . 2. 
Case N o . 2 is a 21-year-old male, 6'4" in height, 

weighing 181 lbs., with a left below-knee amputa
tion as a result of an industrial accident. He has 
a well healed s tump with no scar tissue. He has 
been wearing a conventional BK prosthesis 
weighing 4.6 lbs, for 2 1/2 years. His first and 
only light weight prosthesis weighs 2.2 lbs. and 
he has worn this prosthesis for 3 months . His 
initial reaction was that the prosthesis was so light 
that he might have trouble controlling it, but he 
has accommodated to it nicely. Subject is a bas
ketball player and he was instructed not to play 
basketball with the prosthesis because fatigue 
levels of the material in this configuration had not 



been determined. At last report , subject was play
ing basketball without apparent damage to pros
thesis. 

Each of the light weight prostheses is suspended 
with a simple elastic s t rap worn above the patella 
(Figs. 8 and 9). At tempts will be made to develop 
a socket with supracondylar suspension. Expert 
prosthetists are being consulted in order to de
velop techniques that will insure quality fit be
tween the limb and the socket. 

DISCUSSION 

A reduction in weight in prostheses seems to be 
highly appreciated by active, young unilateral 
below-knee amputees. Aside from energy savings, 
less suspension problems are encountered and 
control seems to be improved. 

It seems obvious that the older below-knee 
amputee will benefit as well, if not to a greater 
degree. To what extent weight reduction is useful, 
of course, is not known, and needs to be deter
mined. It might well be that a below-knee pros
thesis can be too light, but weight reduction over 
s tandard practice certainly seems to be in order. 

Polypropylene is an adequate, easily available, 
relatively inexpensive material for use in making 
below-knee prostheses. The fabrication technique 

needs further refinement. Wall thickness can be 
reduced, and better welding techniques will pro
vide for improved appearance. 

A series of patients—children, young adults, 
and older patients—should be provided with ultra 
light limbs and the results compared with the 
current "bes t " practice. 

A study of the effects of the change in con
figuration of the foot needs to be made. This 
study would involve gait analysis. Should reduc
tion in weight for some reason not be the goal, the 
introduction of an integral foot-ankle-shank 
seems still to be desirable in order to eliminate 
problems encountered with present foot designs. 

The Rehabilitation Engineering Center will 
welcome the cooperation of other centers who 
would like to participate in a collaborative study. 

L I T E R A T U R E C I T E D 

1. Committee on Prosthetics Research and Develop
ment, Report of workshop on below-knee and above-
knee prostheses, Orth. and Pros., 27:4, December 1973 

2. Wilson, A. Bennett, Jr., Vacuum forming in 
prosthetics and orthotics, Orth. and Pros., 27:1, March 
1973 

3. Wollstein, L . V . , Fabrication of a below-knee 
prosthesis especially suitable in tropical countries, Pros. 
International, 4:2:5-8, 1972 





TECHNICAL NOTE 

TWO COMMON PROBLEMS IN APPLICATION 
OF THE "MILWAUKEE BRACE" 

N o matter how careful the orthotist is in form
ing the relief for the iliac crest for the "Milwaukee 
Brace", the anterior bar often leans laterally in 
one direction or another owing to the actual 
scoliotic deviation, tighter muscles, or rib de
formities on one side of the body. 

One way of solving this problem is to provide 
the anterior bar with a slot at the location of the 
lower hole, and position the bar on the inside of 
the hinge. In this way the bar can be moved lat
erally and tilted as well. Adjustments possible by 
this method are small and are limited by the pel
vic hinge, but the amount of adjustment needed 
usually is so slight that this method is adequate . 
When a plastic girdle is used the amount of ad
justment is not limited. In this case the anterior 
bar may be mounted on a plate so that it is ad
justable. At the same time, the anterior bar can 
be made to follow the midline as the correction 
progresses (Fig. 1). 

Another problem arises in adjusting the tho
racic, lumbar, and kyphosis pads under clinical 
conditions to obtain an instant evaluation of the 
positioning. Many methods of securing pads are 
used. One approach that has worked well for me 
is the use of Velcro tape. The male Velcro section 
is attached to the pad and the female section is 

sewn to the webbing or leather s t rap (Fig. 2). The 
pads may now be moved about easily to facilitate 
better positioning without time-consuming al
terations. 

Andy Parmley, C.P.O. 
239 Jefferson Ave. 
Pocatello, Idaho 83201 

Fig. 2. Typical placement of male section of Velco 
tape on thoracic pad to provide for evaluation of loca
tion of the pad during clinical trials. The female section 
is placed on the strap. 

Fig. 1. An elongated lower hole is provided in the anterior bar of the "Milwaukee Brace" to allow for adjustment. 
The view on the extreme right illustrates this method with the conventional pelvic girdle, while the other two 
views show how this arrangement is used with plastic pelvic girdles. 
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NEW PUBLICATIONS 

B U L L E T I N O F P R O S T H E T I C S R E S E A R C H , 
BPR 10-23, Spring 1975, 399 pp. , 207 illustra
t ions, $4.25. 

The Research Center for Prosthetics of the Vet
erans Administration announces that the Spring 
1975 issue of the Bulletin for Prosthetics Research 
is now available from the Superintendent of 
Documents , U.S. Government Printing Office, 
Washington, D .C. 20402. The price is $4.25 post
paid. 

F E A T U R E D IN T H I S ISSUE: 
Editorial—Control Concepts in Prosthetics— 

D. S. Childress 
Physical Response of SACH Feet Under Labora

tory Testing—R. L. Daher 
Electrode Implantat ion in the H u m a n Body— 

M. I. Babb and A. M. Dymond 

New Head Control for Quadriplegic Patients— 
Y. Lozac'h, G. Gosseilin, E. D . Sherman, G. 
Gingras , and M. Ritchuk 

The Lift Lock: A Device to Increase the Lifting 
Ability of Dual-Control Prostheses—L. E. 
Carlson and D . S. Childress 

A Voluntarily Controlled Electrohydraulic 
Above-Knee Prosthesis—W. R. Dyck, S. 
Onyshko, D . A. Hobson, D. A. Winter, and 
A. O. Quanbury 

Computer Optimization of Polycentric Pros
thetic Knee Mechanisms—D. A. Hobson and 
L. E. Torfason 

Transferring Load to Flesh—Part VIII. Stasis 
and Stress—L. Bennett 

A Five-Year Review of Clinical Experience with 
J H U Externally Powered Upper-Limb Pros
theses and Orthoses—G. Schmeisser, Jr., and 
W. Seamone 

VA Prosthetics Center Research Repor t—A. 
Staros and E. Peizer 

Highlights of Other VA Research Programs 
Prosthetics—Edited by E. F . Murphy 
Sensory Aids—Edited by H. Freiberger 

Notes and News 
Recent Patents 
Publications of Interest 
Calendar of Events 

I N D E X T O T H E B U L L E T I N O F PROS
T H E T I C S R E S E A R C H , BPR 10-21, Spring 
1974, and BPR 10-22, Fall 1974. 

R E M I T T A N C E S F R O M A B R O A D : 
N o additional charge is required if the address 

is within the United States, its possessions, Can
ada, Mexico, and all Central and South Amer
ican countries except Argentina, Brazil, British 
Guiana , French Guiana , and Surinam (Dutch 
Guiana) , and British Honduras . Where foreign 
mailing is required, add 25% to the total cost of 
the number of Bulletins ordered. Remittances 
from other countries should be by international 
money order or draft on a United States bank, 
payable to the Superintendent of Documents . 
U N E S C O coupons may also be used. Foreign 
money orders and postage stamps are not accept
able. 

IMPORTANT: 

Please do not send any remittance to the 
Veterans Administrat ion or to the Editor 
of the Bulletin. To do so will only delay 
receipt of your Bulletin, since all sales are 
handled by the Superintendent of Docu
ments. 

E Q U I P M E N T F O R T H E D I S A B L E D . The 
4th Edition of E Q U I P M E N T F O R T H E DIS
ABLED—a series of illustrated booklets— 
will be published by the Oxford Regional 
Health Authority on behalf of the Depar tment 
of Health & Social Security; the compilation 
and editing continues at Mary Marlborough 
Lodge, Nuffield Orthopaedic Centre, Oxford. 
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52 NEW PUBLICATIONS 

Communication, the first booklet in the N E W 
(4th) edition was published in September 1975 
to replace C O M M U N I C A T I O N (3rd edition 
—1971). 

The next booklet will be Clothing & Dressing 
for adults. It will be followed by Home Man
agement. 
The booklets have been completely revised and 

contain new material. They are intended for use 
by those professionally concerned with selecting 
aids and equipment for handicapped persons of 
all ages, and "guidelines" are given to assist in 
the selection of an appropria te aid for a particu
lar individual. Brief details and illustrations are 
included, together with an indication of the price 
area and manufacturers ' /suppliers ' addresses. 

It is essential that those working in this field 
should keep abreast of new developments by re
placing their present booklets with new ones as 
they become available. Details will be given in the 
professional journals at the time of issue. 

In the meantime, the 3rd edition and its binder 
are available from stock. Enquiries concerning 
orders or information about the 4th edition 
should be sent to: 

Equipment for the Disabled 
2 Foredown Drive 
Portslade 
Sussex BN4 2BB 

U K prices remain unchanged at £1.50 per 
booklet, £1.50 per binder (to hold 10 booklets), 
postage extra. Overseas prices quoted on request. 
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ATTENTION 

Soon after distribution of the September issue 
of Orthotics and Prosthetics the editor received 
a letter from Mr. Jack Castiglia, President of the 
Lenox Hill Brace Shop taking exception to the 
statement "The Lenox Hill derotation brace was 
prescribed with a slip-lock at the knee. It was 
learned later that the Lenox Hill device cannot 
be fabricated with a slip lock," which appeared 
in the article "Polypropylene Knee Orthosis with 
Suprapatellar Latex S t rap" by Malcolm Dixon 
and Robert Pa lumbo. Mr . Castiglia enclosed 
photographs to show that it is indeed possible to 
incorporate a slip lock in the Lenox Hill design. 

When asked about this Mr . Dixon replied that 
the VA clinic team had been informed by a rep

resentative of the Lenox Hill Shop, that a lock 
was not available at the time referred to in the 
article (two years ago) and went on to say: " W e 
realize that we were remiss in using the terminol
ogy "could no t " rather than "would no t" with 
respect to the Lenox Hill slip lock." For this, 
we apoligize to Mr . Castiglia. Mr. Dixon also 
went on to state "If Mr. Castiglia or any member 
of his staff has published references to the slip 
lock in available scientific journals we would 
appreciate receiving reprints of such publica
t ions." 

The editor also apologizes, and trusts that this 
mistake has not mislead any potential user of the 
Lenox Hill Brace. 

The Lenox Hill derotation brace with slip lock. 
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INFORMATION FOR AUTHORS 

ORTHOTICS AND PROSTHETICS 

INVITES THE SUBMISSION OF ALL ARTICLES AND MANUSCRIPTS 

WHICH CONTRIBUTE TO ORTHOTIC AND 

PROSTHETIC PRACTICE, RESEARCH, AND 

EDUCATION 

All submitted manuscr ipts should inc lude: 
1. THE ORIGINAL MANUSCRIPT AND TWO COPIES. If possible, the dupl icate manuscripts 

should be complete wi th i l lustrat ions to facil i tate review and approval. 
2. BIBLIOGRAPHY. This should be arranged alphabetically and cover only references made in 

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

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

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

PREPARATION OF MANUSCRIPT 

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

shown in Fig. 14) 

PREPARATION OF ILLUSTRATIONS 

1. Number all i l lustrat ions. 
2. On the back indicate the top of each photo or chart. 
3. Write the author 's name on the back of each i l lustrat ion. 
4. Do not mount prints except wi th rubber cement. 
5. Use care with paper cl ips; indentat ions can create marks. 
6. Do not wri te on pr ints; indicate number, letters, or capt ions on an overlay. 
7. If the i l lustrat ion has been publ ished previously, provide a credit line and indicate reprint 

permission granted. 

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

PROSTHETICS. 
—Rejected manuscr ipts wi l l be returned wi th in 60 days. 
—Publ icat ion of articles does not const i tute endorsement of op in ions and techniques. 
—All materials publ ished are copyr ighted by the American Orthot ic and Prosthetic Associa

t ion. 
—Permission to reprint is usually granted provided that appropr iate credits are given. 
—Authors wil l be suppl ied wi th 25 reprints. 



RESOLUTION CONCERNING THE METRIC SYSTEM 

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

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

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

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

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

LENGTH 

Equivalencies 
angstrom = 1 x 1 0 - 1 0 meter (0 .0 0 0 0 000 001 m) 
millimicron* = 1 x 10 - 9 meter (0 .000 000 001 m) 
micron (micrometer ) = I x 10- 6 meter (0 .000 001 m) 

To Convert from 

inches 
feet 
yards 
miles 

To 

meters 
meters 
meters 
kilometers 

Multiply by 

0.0254+ 
0 30480+ 
0 91440+ 
1.6093 

AREA 

To convert from 

square inches 
square feet 

square meters 
square meters 

0 00063616+ 

.092903 

VOLUME 

Definition 

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

To convert from 

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

MASS 

To convert from 

pounds (avdp.) 
slugs* 

FORCE 

To convert from 

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

To 

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

To 

kilograms 
kilograms 

To 

newtons 
kilogram-force 
newtons 
kilogram-force 

*This double-prefix usage is not desirable. This unit is actually a nanometer (10-
+ For practical purposes all subsequent digits are zeros. 

meter = 10-

Multiply by 

16.387 
29 .574 
28 .413 
473 .18 
568.26 
0 .028317 

Multiply by 

0.45359 
14.594 

Multiply by 

0 .27802 
0 .028350 
4 .4732 
0 .45359 

centimeter) 
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STRESS (OR PRESSURE) 

To convert from 

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

TORQUE (OR MOMENT) 

To convert from 

pound-force-feet 
pound-force-feet 

ENERGY (OR WORK) 

To 

newton/square meter 
newton/square centimeter 
kilogram-force/square centimeter 

To 

newton meter 
kilogram-force meters 

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

To convert from 

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

1 cal (gm) = 4.1840 joules 

To 

joules 
meter-kilogram-force 
joules 
cal (gm) 
cal (gm) 

Multiply by 

6894.8 
0.68948 
0.070307 

Multiply by 

1.3559 
0.13826 

Multiply by 

1.3559 
0.13826 
1 x 10 - 7 t 
252.00 
0.32405 

TEMPERATURE CONVERSION TABLE 

To convert "F to °C °C = °Lz21 
1.8 

•C 

98.6 37 
99 37.2 
99.5 37.5 

100 37.8 
100.5 38.1 
101 38.3 
101.5 38.6 
102 38.9 
102.5 39.2 
103 39.4 
103.5 39.7 
104 40.0 

» A slug .is a unit of mass which if acted on by a force of one pound will have an acceleration of one foot 
second per second. 
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J T W O - P O S T ORTHOSIS for stabil izing 
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 prescript ion 
orders anywhere in the country. Plus, we have a price 
structure to make our service « « | __m <m 
your most profitable way to mf j O l ' l C f t l 
fill prescr ipt ions. Florida Brace n 

Corporat ion, P.O. Box 1299, i 

Corporation Winter Park, Florida 32789. 



Tkw 
"contour c o n s c i o u s " 

elastic s t o c k i n g s 

K e n d r i c k F l o w F l e x t w o - w a y 
stretch elastic stockings actually 
contour themselves to the shape 
of each leg — providing sheer, 
attractive and comfortable support 
and contro l of varicose veins 

FLOW FLEX offers . . . 
• Proper, Therapeutic Compression 

graduated automatic tension control is 
exerted on the rubber yarn to give proper 
s u p p o r t at each po in t of the leg . . 
f irmest at the ankle, l ighter at the calf, 
and stil l l ighter above the knee. 

• Modern Styl ing . . . seamless, no seam to 
show through . . . locked-in soft beige 
shade blends easily with outer hose. 

• Cool, Light, Comfortable . . ultra-sheer 
for an elastic stocking . . . . no b inding or 
p inching , . . open toe is hand f inished 
to provide greater wearing comfort under 
the foot. 

Avai lable in garter length and over the knee 
with open toe and c losed toe in all styles. 

Specify surgical ly correct Kendrick prod
ucts for your customers Their conf idence 
in you wil l result in more frequent repeat 
sales and higher profits. 

You can recommend Kendrick with Confidence 

JAMES R. KENDRICK COMPANY, INC. 
Philadelphia, Pa. 19144 New York, N. Y. 10016 Kendrick 
SINCE I a S 3 
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The KINGSLEY MARK II 
... an improved 2-Way Foot! 

T h e M a r k I I f o o t i s m o l d e d o f K i n g s l e y 

M e d a t h a n e . T h i s s t r o n g y e t f l e x i b l e 

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

b l o c k f o r a s m o o t h , g o o d - l o o k i n g 

t r a n s i t i o n f r o m f o o t t o l e g . T h e 

D o r s i f l e c t i o n B u m p e r i s p r e - m o l d e d w i t h 

t h e b o d y o f t h e f o o t . 

Transition point remains 
smooth, natural. 

T h e H e a v y - D u t y b a l l b e a r i n g 

a n k l e j o i n t a n d s h a p e d 

a n k l e b l o c k a r e f a c t o r y i n s t a l l e d . 

T h e s h a p e d A n k l e B l o c k i s m o l d e d o f 

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

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

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

Write Directly to: 

1984 PLACENTIA AVENUE, COSTA MESA, CALIFORNIA 92627 (714) 645-4401 
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K N I T - R I T E , I N C 
1121 GRAND AVENUE 

KANSAS CITY, MO. 64106 
PHONE (816) 221-0206 

FRACTURE CAST 
BRACING 

COMPONENTS 
. FRACTURE CAST SOCK 

. QUADRILATERAL CASTING BRIMS 

. ELASTIC PLASTER BANDAGE 

. ALIGNMENT FIXTURES 

. ORTHOTIC JOINTS 

. SNAP LOCK CLAMPS 

. ELASTIC KNEE CAGES 

. CAST BOOTS 
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A New Book! ATLAS OF ORTHOTICS: 
Biomechanics! Principles and Application. By 
The American Academy of Orthopaedic 
Surgeons; with 36 contributors. Compiled by 
leading authori t ies , this volume examines 
current orthotic devices and appliances from a 
biomechanical point of view. Selection, pur
pose , material fabrication, and application of 
design are descr ibed in detail after a thorough 
analysis of the upper and lower l imbs, and 
spine. December , 1975. 522 p p . , 836 illus. 
Price, $42.50. 

New Volume III! THE HIP, Proceedings of the 
Third Open Scientific Meeting of The Hip 
Society, 1975. By Hip Society; with 45 con
tributors. Consult this series of volumes which 
incorporates the expert ise of world renowned 
authori t ies on specialized topics concerning 
the hip. This volume in particular explores 
up-to-date developments in: surgical man
agement of nont raumat ic os teonecros is of the 
hip; severe slipped capital femoral epiphysis ; 
total hip replacement ; and more . November , 
1975. 344 p p . , 451 illus. Price, $35.00. 

M O S B V 
T I M E S M I R R O R 
THE C V MOSBY COMPANY 

11 B30 WESTLINE INDUSTRIAL DRIVE 
ST LOUIS MISSOURI 63141 

We are Pleased to Announce Publication of the 
5th Edition of 

Limb Prosthetics 
by A. Bennett Wilson, J r . 

The 5th edition has been revised to bring it up to 
date for use in educational programs and as a handy 
reference. It replaces Limb Prosthetics—1972, and is 
published with a hard cover. 

112 pp. $4.95 

Krieger Publ ishing Company , Inc. 
P.O. Box 542 
Hunt ington, New York 11743 
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The COMPANION* by Truform, the 
1 0 0 % silicone breast prosthesis that 
looks, feels and moves like the 
normal breast. 

Rs close as you can come 
to saving her complete 
womanhood 

Worn next to the skin in brassiere 
• Automat ica l l y assumes the body 
temperature • No need lor specia l 
pockets • Not harmed by poo l 
ch lor ine or salt water 

Wil l not f loat, reacts the same as 
the body in water • Not af tected by 
ext reme heat, co ld or alt i tude • Can 
be washed each day as your own 
skin • Sizes and weights to match 
every f igure • Same weight as normal 
breast t issue, restores body ba lance. 

Each year thousands of women wil l 
require the specia l skil l and under
s tand ing that accompan ies your 
breast prosthesis f i t t ing. Fit the breast 
prosthesis that comes as c lose as 
possib le to saving her comple te 
w o m a n h o o d The Compan ion 
By Truform 

'Birth ol Venus" by Sandra Botticelli, tor full color print suitable tar training, write Mr. A!ex Dumbadze, 3974 Bossjja Drive. Cincinnati. Ohio 45109 

TRUFORM 
Orthotics and Prosthetics 

CINCINNATI 
3960 Rosslyn Drive • Cincinnat i , Ohio 45209 
513/271-4594 
SAN FRANCISCO 
448 Victory Ave, • So San Franc i sco . Calif 94080 
415/761-3335 
NEW YORK 
4 West 16th St, at 5th Ave • New York, N Y 10011 
212/686-6460 
IN CANADA 
Contac t Airway Surgical Appl iances Ltd 
Ottawa. Ontar io K1R5T8 
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• A t t a c h e s in s e c o n d s . 

• S e r r a t e d d i s c , built into t h e s o l e , 
a t t a c h e d t o a s t u r d y s t e e l s h a n k 

• E m b o s s e d p r o t r a c t o r for e x a c t 
s e t t i n g s to t h e d e g r e e p r e 
s c r i b e d No g u e s s w o r k 

• P r o t r a c t o r is r e c e s s e d N o 
s c r a t c h i n g or c a t c h i n g o n b e d 
c l o t h e s 

• T h e inser t is l o c a t e d in t h e 
p r o p e r pos i t ion to exe r t maxi 
m u m e f f ec t i venes s o n ex te rna l 
or internal ro t a t i ons 

• C a n b e quickly r e m o v e d a n d re
a t t a c h e d w h e n c h a n g i n g d i a 
p e r s , wi thout c h a n g i n g t h e d e -
d e g r e e of t h e se t t ing 

cRoto-CLok 
SETS I N S E C O N D S 

A-C-C-U-R-A-T-E-L-Y! 

• N o c h a r g e for m i s - m a t i n g . 

• N o p r e m i u m for half p a i r s 

Sabel goes to any degree to make 
a better product for your patients 

for •nrormat'On. 

wnle Sitiel SIOAB 

May11to141976 
Congress and Exhibit 

Dusseldorf Federal Republic of Germany 
Exhibit-Congress Center and Fair g rounds Hall 2 W fc^^W 

Orthopadie ilU 
Technik 76 

The Congres s 

The Board ol Directors 
and Company 
execut ives of the 
Federal Guild 
Association for 
Orthopedic Technology 
have the honor of 
cordially inviting you 
to at tend the cong r e s s 
and take part in the 
technical lectures and 
the exhibit 
The Congress with its 
expert instruction and 
its international charac
ter will have the 
profile of a world 
c o n g r e s s . Therefore w e 
are inviting not only 
those in the profession 
but also all doc tors , 
engineers , institutions 
and work-cooperat ives, 
to document in this way 
what Germany h a s to 
offer in the field 
of technical ortho
ped ics 

Organizer 
Bundesinnungsverband fur Orthopadie-Technik 
Ketlwiger Sir 27, 4300 Essen 1, West Germany, 
Tel (0201) 2331 33/34 

The Technical Exhibit 
This large-scale 
meeting "Orthopedic 
Technology 7 6 ' wilt 
take place in the 
Congres s Center 
and in the Hall 2 
of the Dusseldorf 
Fairgrounds The 
technical equipment of 
the Hall will present a 
large and elegant frame 
for the exhibition 
The Hall has an a rea of 
8000 square meters 
(approx 86,000 squa re 
feet) A complete 
offering will be shown, 
to give the visitor 
concre te information 
and purchasing possi
bilities for the a rea 
in which he is 
professionally opera
tive The part ic ipants 
will be able to take 
home impulses for the 
future from this infor
mation and widen their 
horizons by a look into 
the international s c e n e 
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1̂ MninTTlf9fr.fl 
THE ORTHOPEDIC 

CRAFTSMAN'S 
RIGHT ARM 

H e r e , in just 34 inches of wal l space, 
is everything the l imb and brace 
craf tsman could want in a f inishing 
and t r i m m i n g tool. Five-foot sanding 
belt is 1 - 9 / 1 6 " wide and cuts wi th 
remarkab le speed. Sanding d r u m 
finishes off work . Quick change 
f i t t ing on r ight end of shaft for 
e i ther black or brown combinat ion 
leather burnisher and brush (in
c luded) , or a host of other at tach
ments which a re optional at extra 
cost. Hee l breaster f i t t ing at left 
end of shaft for special sanding 
shapes. N a u m k e a g is shelf m o u n t e d , 
complete ly adjustable , and like all 
dust-producing components is 
eff iciently exhausted through f ive-
bag dust control system. H i g h speed 
edge t r i m m e r section at left. Sutton's 
Sutton-adler division also produces 
a complete line of industrial sewing 
machines and stands for leather, 
fabric and plastic sewing . 

1 Sis* 7Hat£i«<t*f P O «OX 9940 • St tOOIS, MO 6313? • (314) M5-S2S5 
[ ] Send information on Sutton's T /2-A 
[ ] Send information on Sutton-adler sewing machines 
[ ] Send complete Sutton catalog 

Name 
Firm _ 
Address 
City. State 

^ Telephone 
Zip. 
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SUBORTHOLEN 

® 
SUBORTHOLEN i s a new h i g h s t r e n g t h , f l e s h c o l o r e d 
m a t e r i a l . U n i q u e c h a r a c t e r i s t i c s make i t a s u p e r i o r 
m a t e r i a l r e p l a c e m e n t f o r o t h e r p r e s e n t l y u s e d t h e r m o 
p l a s t i c s . 

5UB0RTH0LEN o f f e r s e a s e o f w o r k a b i l i t y , e s p e c i a l l y when 
c o m p a r e d t o p o l y p r o p y l e n e , s i n c e i t can be c o l d f o r m e d , 
i . e . , h a m m e r e d and b e n t , as w e l l as t h e r m o - m o l d e d . Thermo-
m o l d i n g i s f a r e a s i e r t h a n w i t h o t h e r h i g h t e m p e r a t u r e 
t h e r m o p l a s t i c s , e . g . , p o l y p r o p y l e n e and a c r y l i c - n y l o n com-
p o s i t e s . 

SUBORTHOLEN i s c o m p a r a b l e t o p o l y p r o p y l e n e . 

SUBORTHOLEN®af fords t h e f a b r i c a t i o n o f a w i d e r a n g e o f 
o r t h o s e s b e c a u s e o f i t s c h a r a c t e r i s t i c s and t h e a v a i l a b i 
l i t y o f v a r i o u s s h e e t t h i c k n e s s e s . 

E x a m p l e s o f s u p e r i o r a p p l i c a t i o n s a r e : 

1 ) A n k l e - F o o t O r t h o s e s ( p o s t e r i o r l e a f s p r i n g , s p i r a l , 
h e m i - s p i r a l , p o s t e r i o r s o l i d a n k l e ) 

2 l M i l w a u k e e B r a c e P e l v i c G i r d l e s 
3 1 Body J a c k e t s 
4 J Neck O r t h o s e s 
5 ] A r c h S u p p o r t s 
6J Hand O r t h o s e s 
?J C u f f s f o r O r t h o s e s and P r o s t h e s e s 

F o r t e c h n i c a l i n f o r m a t i o n p l e a s e w r i t e o r c a l l 

E x c l u s i v e U . 5 . D i s t r i b u t o r 

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

612 MONROE AVE. 
KENILWORTH, N. J. 07033 

(201) 353-5313 

CENTRAL - FABRICATION PROSTHETICS t ORTHOTICS 

WILH. JUL.TEUFEL • D 7 STUTTGART 1 Neckarstr. 189-191 • W.-Germany • Tel.41444 

Manufacturers of Bandages, Orthopedic Articles and Dressing Materials 

XIX 



A T u r n i n g P o i n t 
in L o w e r 

E x t r e m i t y Pros thet ics 
During normal weight bearing and ambulation, 
natural skeletal rotation of the leg occurs at the 
ankle, knee and hip. In a lower extremity 
prosthesis, the U.S./Rancho Rotator acts to 
simulate skeletal rotation by allowing the hips to 
rotate independently from the position of the foot 
from heel strike through toe off. The shear 
action between the stump and socket and the 

possibility of abrasion and skin breakdown at 
the stump/socket interface is decreased while 
increasing your patients mobility, endurance, 

and comfort in all activities. Beneficial to all 
active patients and compatible with con

ventional wood set-ups, modular systems, 
above and below-knee prostheses, the 

U.S./Rancho Rotator is easily installed for 
the construction of a natural appear
ing prosthesis. For more information 

write for a free detailed brochure. 

The U.S./Rancho Rotator 
Manufactured by 

UNITED STATES MANUFACTURING CO. 
P.O. Box 110. 623 South CarrtrM Avanua. Qlandala, California 912M. U 

- • PhOfW (213) 245-4856 • CaMa: LIMBRACE • TWX No. 910-W7-2279 
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P O S T - S U R G I C A L S U P P L I E S 

P E L S U P P L Y C O M P A N Y 
« d 7 Z W E S T 1 G O T H S T . . C L E V E L A N D . O H I O 4 4 1 3 5 — P H O N E : 2 1 6 2 6 7 . 5 7 7 5 

P A U L E. L E I M K U E H L E R , P R E 5 I O M T 
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CLASSIFIED ADVERTISEMENTS 
Advertising Rates 

Regular—First 35 words, $24.00 (minimum). Additional words $1 00 each. Situations 
wanted advertisements half rate. Space rate additional: 13 x 13 picas-$ 105.00; 13 x 18 picas-
Si 80.00. 

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

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

ORTHOTIC TECHNICIAN 

Experienced Technician desired—need not 
be certified. Excellent fringe benefits. 

Direct inquires to: 

Administrator—Shriners Hospital 
for Crippled Children, 
Springfield. Mass. 01104 

C O . or C.P.O. 

Responsible individual needed to manage 
new branch office. Progressive company 
with excellent benefits. Must have knowl
edge of all new developments in Orthotics 
and Prosthetics. 

Contact: 

Roy's Orthopedic, Inc. 
33 North Avenue 
Burlington, Vermont 05401 
802-863-4591 

ORTHOTIST 

Orthotist desires position with progressive 
facility that will permit continuing education. 
7 years experience, clinical and supervisory. 
Available 1 April. Prefer Southwest, but wil l 
consider all offers. Resume upon request. 

R. J. Patterson 
c/o J . B. Wilsey 
13543 Moorpark #304 
Sherman Oaks, CA 96403 

CINCINNATI , OHIO 

Position open for Certified Orthotist 

Send resume to: 

Feldmans Orthopedic Appliances 
1020 Delta Avenue 
Cincinnati. Ohio 45208 

CERTIFIED ORTHOTIST/PROSTHETIST, 
ORTHOTIST A N D PROSTHETIST 

Opportunity for C.P.O. or CO. and CP. 
employment in Midwest and future pos
sibility purchase of Orthotic-Prosthetic 
Facility over an extended period of years. 
Only most interested persons write to: 

Box 7 6 - 3 
AO PA 
1444 N. Street, N.W. 
Washington. D.C. 20005 

CERTIFIED ORTHOTIST 

Fine opportunity in well established and 
progressing Orthotic facility. Clinical ex
perience necessary. Salary commensurate 
with experience and ability. 

Call or send resume to: 

Portland Orthopedic Appliance Co. 
269 St. John Street 
Portland, Maine 04102 
Tel. 772-1407 (1-207) 
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O&P FACILITY 

Most modern and up to date O&P facility 
for sale. Well established—high-return— 
sales over $200,000. Modern building. 
Confidential. For dynamic and capable C.P.O. 
only. 

Contact: 

Box 76 -1 
AOPA 
1444 N Street N.W. 
Washington. D.C. 20005 

ORTHOTIST and/or PROSTHETIST 

Requirements: Certification and practical 
experience. 

Hours: 5 days per week. 
Winter 9:00 AM to 5:30 PM. 
Summer 8:00 AM to 4:30 PM. 

Benefits: Bonus, Retirement Plan. Blue 
Cross-Blue Shield with Major Medical, paid 
vacation, and paid holidays. 

Write: 

Professional Practice Exchange 
20100 Civic Center Drive 
Suite 204 
Southfield. Michigan 48076 

CERTIFIED ORTHOTIST/PROSTHETIST 

Northern California Branch Office 
Clinical Practice Only 

Send resume to: 

Rudy Bindi C.P.O. 
Hittenbergers 
1117 Market Street 
San Francisco. California 94103 
(415) 621-4244 

CERTIFIED PROSTHETIST-ORTHOTIST 
or 

CERTIFIED PROSTHETIST 

Immediate opening in tropical south Florida. 
Salary to commensurate with qualifications 
and experience. 

Send resume to: 

Greenwood Limb & Brace 
P.O. Box 8056 
West Palm Beach, Florida 33407 

SPECIALIST IN REHABILITATION 
NEEDED TO HEAD ESTABLISHED 

SERVICE 

A full-time physician is needed immediately 
to serve as director of a well-known medical 
center's rapidly growing physical medicine 
department. 
'Progressive administration seeks strong, qualified, 
specialist in rehabilitation medicine. 

'New facilities providing 20.000 square feet—ready 
for occupancy soon. 

'Approximately 10.000 patients received 85.000 
treatments in 1975. Four thousand-five hundred 
(4.500) patients were served professionally by 
physiatrist. 

'Competent and dedicated departmental staff respon
sive to good leadership. 

'Educational duties. Faculty appointment to new 
medical school is optional. 

'Salary with substantial fringe benefits is negotiable 
'Excellent cultural and educational opportunities in 

growing midwest community 
Please send cirriculum vitae and list of pub
lications to: 
Box 7 6 - 2 
AOPA 
1444 N St., N.W. 
Washington, D.C. 20005 
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A M E R I C A N ORTHOTIC A N D PROSTHETIC ASSOCIATIOI 
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