
D e c e m b e r 1981 

V o l u m e 35 

N u m b e r 4 

Orthotics 
and 
Prosthetics 
Journal of the American Orthotic and Prosthetic Association 



The biggest revolution in O&P today 
is not an O&P device. 
t 

A soft tissue supplement that won't 
give in to pressure, shock or shear. 

All soft tissue supplements are not the same 
PPT is a highly engineered, technologically superior 

medical grade supplement. It has twice the shock 
absorbing capability of foam or sponge rubber and is 
vastly superior to even the leading supplement used 
by O&P professionals today. 

Besides offering maximum energy absorbing 
capability. PPT is the first and only soft tissue supplement 
that won't "bottom out" permanently or hr:den, even 
after years ot dally use PPT has remarkable memory 
which allows it to retain its shape even when sitting 
under a high pressured orthotic or prosthetic device tor 
extended periods of time, 

PPT cuts easily with scissors and can be shaped with 
a grinding wheel. It's washable. It's odor free. And it's 
available in blue and natural. 

Milwaukee Jackets. Cervalite Collars. Spinal Braces 
Whatever the O&P equipment, for spot cushioning or 
full lining, if it needs a soft tissue supplement, it needs 
PPT. 

For more information and a sample of PPT clip the 
coupon below. 

r Please send me a Iree sample kit ol PPT® 
Please send me more information about PPT* 
Please send me more intormation about Professional 
Technology, Inc 

1 

N a m e Title 

Address 

City State Zip 

PPT is not an over-the-counter product. 
It Is sold exclusively to health care professionals. 

For faster service dial 800-645-5520 
PROKSSIONni T€CHNOlOGV, INC. 

21 East Industry Court • Deer Park, NY. 11729 
(516)667-3462 (516)242-5515 

A Member of The Langer Group. 



The new S-1250 . . . 

A R e m a r k a b l e N e w F i n i s h e r F o r T h e O r t h o p e d i c C r a f t s m a n 

This full-function finisher requires only five feet 
of wall space! Included are two 5 ' sanding 
belts — 1-9/16" and 4" — plus a B sanding 
wheel, heel breaster, and even a naumkeag. 
A full range of optional attachments fit the 
bayonet end on the left side of the sanding 

shaft, many with 8" extensions to 
enable the craftsman to work on all sides of 

his appliance or footwear. Two brushes and two 
burnishers are mounted on a separate, slow-
turning shaft. Full porting for maximum dust 
control — even in the brush areas. 

CQHPAMt 

: n —/iD SHOE 
MACHINERY 

COMPANY 
Toll-Free: (800) 325-3542 • Mo [usmmsrs |31t) Collnc 

1 3 5 0 0 Scar le t Oak Blvd. • St . Louis , M O 6 3 1 2 2 

| [ ] Please send more information on the S-1250 finisher 
M [ ] Please send complete Sutton Landis catalog 

Name 

Company _ 

Address 

| City, State, Zip 

^Telephone 

1 



'"3 Our Two-Post Orthosis (J-22) provides 
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supports could be a lot better. 
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Editor Offers Assistance 
to New Authors 

Mike Quigley, CPO, editor of the Orthotics 
& Prosthetics Journal, and the National Office 
staff have initiated an "Author Assistance 
Program" to assist new authors in the prepa
ration of Journal articles. The purpose of the 
program is to generate new articles for the 
publication. 

If a practitioner has an idea for an article, 
he would contact Mike or the National 
Office. Mike or the National Office staff 
would assist the practitioner in developing 
an outline and abstract to be reviewed by the 
Editorial Board. Upon approval of the ab
stract, the practitioner would receive assis
tance in the preparation of the article. This 
assistance would include tips on taking pho
tos or providing other illustrations, general 

organization of the article, grammar and 
style. Upon completion of an article, the Edi
torial Board would conduct a final review 
before approving it for publication. 

This program will provide many prac
titioners w h o have developed procedures; 
developed or adapted prosthetic/orthotic de-
vice(s) and /or their components , but are un
sure of writing, wi th a means to contribute to 
the Journal and to share their valuable 
knowledge and experience. With the ab
stracts reviewed by the Editorial Board, a 
practitioner who is uncertain of his idea 
would have an answer before spending the 
t ime and effort writing an article. The result 
is more articles published in the Journal, 
thereby increasing the technical information 
pool from which all practitioners may have 
access and learn, and increasing the profes
sionalism and prestige of the publication. 

If you would l ike to take advantage of the 
program, please contact Mike Quigley, CPO, 
Oakbrook Prosthetics & Orthotic Services, 
Medical Arts Center, 1634 S. Ardmore St., 
Oakbrook Terrace, Illinois, 312 -620 -5333 or 
the National Office. 

A Public Service o* This Magazine S The Advertising Council M 

Need help? 
Call us. 
Want to help? 
Callus. 

Red Cross is 
counting on you. 



INFORMATION FOR AUTHORS 

ORTHOTICS AND PROSTHETICS 
INVITES THE SUBMISSION OF ALL ARTICLES AND MANUSCRIPTS 

WHICH CONTRIBUTE TO ORTHOTIC AND 
PROSTHETIC PRACTICE, RESEARCH, AND 

EDUCATION 

All submitted manuscripts should include: 
1. THE ORIGINAL MANUSCRIPT AND TWO COPIES. If possible, the duplicate manuscripts should be com

plete with illustrations to facilitate review and approval. 
2. BIBLIOGRAPHY. This should be arranged alphabetically and cover only references made in the body of the 

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

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

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

PREPARATION OF MANUSCRIPT 

1. Manuscripts must be TYPEWRITTEN, DOUBLE-SPACED and have WIDE MARGINS. 
2. Indicate FOOTNOTES by means of standard symbols (*). 
3. Indicate BIBLIOGRAPHICAL REFERENCES by means of Arabic numerals In parentheses (6). 
4. Write out numbers less than ten. 
5. Do not number subheadings. 
6. Use the word "Figure" abbreviated to indicate references to illustrations in the text (. . . as shown in Fig. 14). 

PREPARATION OF ILLUSTRATIONS 

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

granted. 

NOTES: 
—Manuscripts are accepted for exclusive publication in ORTHOTICS AND PROSTHETICS. 
—Articles and illustrations accepted for publication become the property of ORTHOTICS AND PROSTHETICS. 
—Rejected manuscripts will be returned within 60 days. 
—Publication of articles does not constitute endorsement of opinions and techniques. 
—All materials published are copyrighted by the American Orthotic and Prosthetic Association. 
—Permission to reprint is usually granted provided that appropriate credits are given. 
—Authors will be supplied with 25 reprints. 
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Suckers F o r a Smile 

Kings ley M f g . C o . is g o i n g t o c o n f e s s a so f t 
s p o t . It's s o m e t h i n g w e s u s p e c t w e s h a r e w i t h 
m o s t o f t h e p e o p l e in o u r a s s o c i a t e d b u s i n e s s e s , 
b u t n o t m e n t i o n e d e n o u g h — w e m e l t w h e n 
f a c e d w i t h a beaut i fu l h o n e s t smile. 

Smiling isn't a s prolific a s it u s e d t o b e , a n d 
p r o b a b l y w i t h g o o d r e a s o n . All t h e n e w s o f l a w 
l e s sness , p e r s o n a l t r a g e d y , d i s r u p t i o n o f c o m f o r t 
a b l e n o r m s a n d m o r a l s , i m p e n d i n g d o o m a n d all 
t h e n e g a t i v e n e w s w h i c h sells n e w s p a p e r s a n d 
m o l d s c o m m e n t a t o r s d o e s little t o e n c o u r a g e 
m u c h m o r e t h a n a sneer . I t ' s just n o t terr ib ly fa sh 
i o n a b l e t o smi le a n y m o r e b e c a u s e o u r a p p a r e n t 
s u r r o u n d i n g s a r e t r y i n g t o c o n v i n c e p e o p l e t h a t 
smil ing is unreal i s t ic . S o u n d s like a c o n s p i r 
a c y t o us . 

Wel l , w e a t Kings ley a r e a little o l d - f a s h i o n e d 

a b o u t smil ing. W e ' r e in t h e b u s i n e s s o f r e s t o r i n g 
smiles . W e r e g u l a r l y h e a r f r o m p e o p l e w h o u s e 
o u r p r o d u c t s a n d w h o w e k n o w a r e smil ing. 
It's in fec t ious a n d w e a i m t o p a s s it o n . It's 
real ist ic , t o o . 

N e x t t i m e y o u call u s w i t h a n o r d e r , o r for in
f o r m a t i o n , o r j u s t for a p i cker -upper , j u s t l isten 
b e y o n d t h o s e w o r d s a n d you ' l l h e a r a smile. T h e n 
p a s s it o n . W e ' r e s u r e you ' l l find m a n y s u c k e r s for 
a s m i l e — m a y b e w e c a n s t a r t a t r e n d . 

IS SI 
K I N G S L E Y M F G . C O . 

1984 PLACENTIA AVENUE 
POST OFFICE BOX CSN 5010 

COSTA MESA CALIFORNIA 92626 
|714) 645-4401 • |800| 854-3479 

Cable Address: KINGFEET 

World's leading manufacturer of prosthetic feet with Natural Toes™. 



Prosthetic Management of Adult 
Hemicorporectomy and Bilateral 
Hip Disarticulation Amputees 
Charles H. Dankmeyer, Jr. C.P.O. 
R. Doshi, C.P.O. 

INTRODUCTION 
Since the origin of prosthetics, cases of 

significant challenge or those which are by 
nature very rare have spurred considerable 
interest. Cases which were at one t ime ex
traordinarily difficult to provide an accept
able prosthetic restoration have now become 
very manageable. Concurrently, medical 
technology has provided life saving tech
niques which have produced classifications 
and levels of amputations unknown to us 
only a few years ago. As the surgical tech
niques which were used to create the follow
ing cases become more common, all of us will 
have to address the best approach to provide 
prosthetic care for these individuals. The case 
histories which follow demonstrate the de
velopment of our current management sys
tem for hemicorporectomy patients. 

CASE ONE: 
HEMICORPORECTOMY 
PATIENT 

The first case is a level L*4 hemicorporec
tomy due to a traumatic injury. This patient 

had not been able to be upright since his 
injury. The distal spine was sharp and ex
tremely sensitive. He was unable to lie on his 
side because he had no means to maintain 
himself in that position. He alternated be
tween being prone and supine, neither of 
which were acceptable for a lifetime. The ini
tial effort in this case was to get the patient 
erect at a normal sitting height and prevent 
excessive inferior aspect pressure. The prob
lems were how to suspend h im comfortably 
without any pressure on his distal spine and 
provide h im with balance so that he could 
lean from side to side as well as fore and aft 
without tipping over. 

On clinical examination this patient could 
be supported under his ribs with our hands 
while another prosthetist balanced his upper 
trunk; rib suspension, not unlike but differ
ent from the concept of suspension seating 
used in orthotics, could therefore be used. 
However, no distal weight bearing could be 
tolerated and trunk balance would also need 
to be provided. Confining the use of this de
vice by mounting it to a wheelchair was re
strictive and therefore undesirable. 



Negative Mold 
A negative mold of the patient was taken 

by suspending h im under his axillae inside a 
Hoyer lift. This technique was felt to allow 
for a more natural extension of his lower 
body and provide an accurate means of deter
mining the proximal sizing of the trunk sup
port. This technique has since been abandoned 
as this information is not necessary in the 
negative mold and the casting system is un
comfortable to both patient and prosthetist. 

Mold Modifications 
Modifying this mold so that the underside 

of the rib cage is fully supported requires 
deep undercuts the thickness of the ribs 
themselves plus approximately one inch. 
The undercut followed the natural contour 
of the ribs and had a generous radius of 1 1/2" 
as the mold began to extend distally. The 
proximal radius, which encases the outer 
border of the lower ribs where the mold ex
tends proximally was allowed to follow the 
natural shape of the patient. A small amount 

of relief was made for the spinous processes. 
Modifications to this point provide a good 
weight bearing surface, and an accurate 
trunk mold. 

The next step in modifying the mold was 
to provide a surface which would allow the 
patient to sit erect without external support 
and not be so bulky as to inhibit transfer 
activities. A base equal to the size of his rib 
cage in the transverse plane would cause a 
great deal more effort to be expended in 
transferring from floor to an armchair, 
wheelchair to auto, etc., since the additional 
hollow bulk would cause h im to reach far
ther and lean at a greater angle in order to 
complete these manuevers. The distal exten
sion was also intended to make his sitting 
height more normal to make up the trunk 
length lost. Initially, this extension was de
signed to house the iliostomy and colostomy 
containers. We made our extension so that it 
was 6" long and from a frontal plane center 
line extended 30% of the width of the rib cage 
on each side of center. In the sagittal plane, 
the extension was made 40% the width of the 
rib cage to each side of the center. The 
resultant form was quadrilateral and almost 
square (Fig. 1). The mold was left high under 
the arms, over the scapulae, and over the 
sternum anticipating that the final trim lines 
would be determined at the fitting. 

Fabrication 
The socket was laminated with polyester 

resin at 90% rigid, 10% flexible and eight lay
ers of nylon stockinette using fifteen inches 
of mercury vacuum. After the socket was re
moved from the mold, it was found that the 
length of the extension would not be ade
quate to provide proper sitting height. To 
correct this, the socket was fitted into a wood 
block left very long to be adjusted at the 
fitting (Fig. 2) . 

Fitting 
At the fitting, the proximal trim was cut 

one inch below the inferior angle of the scap
ulae. This line was carried under the arms 
and across the anterior portion just below the 
nipple line and covering part of the sternum. 

Fig . 1 — T h e modi f i ed pos i t i ve m o l d for a h e m i c o r 
p o r e c t o m y pat i en t . A base e x t e n s i o n w a s a d d e d to 
p r o v i d e a base o f s u p p o r t a n d w a s o r i g i n a l l y 
i n t e n d e d to h o u s e t h e i l i o s t o m y a n d c o l o s t o m y 
c o n t a i n e r s . 



In order to don the prosthesis, the patient 
had to lay supine, raise his lower trunk by 
pushing downward with his arms, simulta
neously inching himself into the socket. This 
was a slow and tedious process and also 
caused the iliostomy and colostomy contain
ers to be forced upward and eventually up
side down. An anterior panel was cut out of 
the socket which allowed the patient to raise 
his trunk and place it in position inside the 
socket in one swift motion. The inferior edge 
of the panel was cut to allow two inches be
tween it and the remainder of the socket. 
This created a small "window" which al
lowed easy access to the iliostomy and colos
tomy bags. The panel is held in place with 
four 1 1/2" velcro straps and metal loops. The 
anterior panel also allowed some position ad
justment for tightness. 

With the patient upright in the socket, the 
height of the extension was modified to al
low his palms to touch the table while the 
elbows were just slightly flexed. This was just 
enough to allow him to lift the socket up for 
transfer and also provided a very natural 

trunk height allowing his arms to fall in good 
position on chair armrests. Shoulder straps 
were attached to suspend the socket. The 
wood block had been almost completely re
moved which confirmed the original amount 
we had extended the mold as correct. The 
patient was able to balance easily on the 
smallish appearing base and could reach ob
jects in all directions without fear of tipping 
over (Fig. 3) . 

The prosthesis was given a finish of two 
nylon stockinettes impregnated with 90% 
rigid, 10% flexible polyester resin. The base 
was covered with a 1/4" thick piece of neoprene crepe. Medium density 1/8" thick plastazote was applied over the rib support area 
to provide some cushioning, but more to in
crease the friction and prevent slipping in 
the smooth socket. The sitting prosthesis was 
then considered complete (Fig. 4) . A pair of 
hand held blocks were made so the patient 
could clear the floor and move about his 
house without being in a wheelchair. 

Addition of Limbs 

After using this device for approximately 
six months, the patient returned to report 
that he was able to transfer, move about his 
house, and drive a car with hand controls. 
The quality of his life had definitely been 
improved and he was satisfied with his func
tional level. He requested that l imbs be 
attached to the prosthesis for cosmetic pur
poses. A 1/4" thick steel plate was fastened to 
the socket base extending laterally to each 
side to allow attachment of Otto Bock free 
motion modular hip joints in a normal posi
tion (fig 5). The balance of the l imbs consis
ted of Otto Bock modular safety knees, 
rotation units, and S A C H feet. 

The patient was able to ambulate in the 
parallel bars with a swing through gait as 
well as twisting gait due to the rotation units 
(fig 6). This system satisfied the patient's de
sire to "walk" in parallel bars and his need 
for cosmesis, but the addition of l imbs made 
the entire system less functional for transfer 
and mobility at home. The patient gained a 
significant amount of weight after this modi
fication and returned for a new prosthesis. 

Fig. 2 —In the original design, a wood block was ad
ded to the socket extension and left long. This would 
be adjusted at the fitting for proper sitting height. In 
later designs, it was found that a measurement could 
provide the correct height so the wood block was 
eliminated. 



Fig. 3 - The patient was able to balance easily on the 
smallish appearing base and could reach objects in all 
directions without fear of tipping over. 

Fig. 4A —Wheelchair sitting. The patient could lean 
back comfortably in the wheelchair. 

Fig. 4B - Elbow clearance is not a problem and the 
patients sitting height appears normal. 

Fig. 5 —After the sitting prosthesis was in use for six 
months, the patient requested that the limbs be at
tached. A 1/4" steel plate was bolted to the base and the 
modular system was attached. 



Removable Socket System 

Having learned that the socket alone was 
more functional, but that cosmesis was also 
very important, the second prosthesis was 
made in two segments. The new negative 
was made by a split cast technique. With the 
patient prone the posterior half was made. 
This was used for the patient to rest in when 
turned to supine position. The anterior mold 
was then made. The casting was easier for 
both patient and prosthetist. Identification of 
the lower margin of the ribs was easily 
formed as the plaster bandage set. This tech
nique was more accurate than the first be
cause the trunk was not suspended freely 
allowing it to both extend and narrow down. 

The modifications were done the same as 
previously described. No wood block was at
tached as the proper amount of extension 
was predetermined. Socket fitting and trim 
were also done in the same manner. The 
difference was in providing a system which 
would permit the patient to use the socket 
alone or attach it to the modular lower l imbs 
at his discretion. 

The socket was placed on the mold and a 
PVA sleeve pulled over it as a parting agent. 
A lay up of four layers of nylon stockinette 
was made over the socket and again lami
nated with polyester resin. Wood blocks 
were glued to the thin shell to allow attach
ment of the Otto Bock modular hip joints in 
a standard position. The hip attachment 
plates were attached to the wood and the 
entire assembly smoothed and given a 
finished coat of two layers of nylon stock
inette. The balance of the modular units were 
attached and finished to this lower segment. 
The socket was then able to be easily re
moved from the cosmetic lower limbs. The 
square shape of the extension of the socket 
allows it to key into the prosthesis allowing 
no relative motion between the segments. 
This system proved very satisfactory and an
swered the prosthetic needs the patient re
quired (Fig. 7-11). 

Fig . 6 — T h e p a t i e n t c o u l d a m b u l a t e in t h e para l l e l 
b a r s w i t h a s w i n g t h r o u g h gai t . T h e r o t a t o r u n i t s in 
t h e l i m b s a lso a l l o w e d a t w i s t i n g gai t . T h e p r o s t h e s i s 
w a s m o r e c o s m e t i c , but less f u n c t i o n a l w i t h the l i m b s 
a t t a c h e d b e c a u s e t h e y c o u l d not b e r e m o v e d eas i ly 
f r o m t h e socke t . 

F ig . 7 — T h e pat ient ' s s e c o n d p r o s t h e s i s h a d a r e 
m o v a b l e socke t w h i c h e n a b l e d h i m to use the s i t t ing 
p r o s t h e s i s ( socket a n d e x t e n s i o n ) for m a x i m u m func 
t ion , o r to k e y t h e s o c k e t i n t o t h e pros thes i s for c o s 
mes i s . T h e s q u a r e s h a p e a l l o w e d no r e l a t i v e m o t i o n 
b e t w e e n t h e s e g m e n t s . 



CASE 2: 
BILATERAL HIP 
DISARTICULATION 

O n e bilateral h ip disarticulation patient 
w a s fitted w i t h this s a m e technique. T h i s pa
tient could not tolerate a n y distal pressure 
d u e to a large ulcer o v e r the sacrum. H i s 
a m p u ta t i o n s w e r e s e c o n d a r y to c irculatory 
p r o b l e m s a n d diabetes. A m i n i m a l a m o u n t of 
extension of the socket w a s needed as his 
pe lv i s w a s intact a n d o n l y needed sus
pens ion to protect the unhea l ed area (Fig. 
12). T h i s patient d id not desire l o w e r l imbs. 
T h e socket on ly p r o v i d e d h i m w i t h protec
tion for his w o u n d s , sitting balance , a n d ease 
in transfer. S i n c e there w a s no trunk length 
loss, the base of this prosthesis is the full size 
of the socket. 

CASE 3: 
HEMICORPORECTOMY 
PATIENT 

A second h e m i c o r p o r e c t o m y w a s fitted 
w i t h the comple te socket a n d r e m o v a b l e cos-

Fig. 8 - The socket in place in a wheelchair. The re
movable anterior panel allowed ease of donning and 
adjustability of fit. 

Fig. 9 —The socket keyed into the prosthesis in a sit
ting position. 

Fig. 10 —The socket keyed into the prosthesis in a 
standing position. 



metic limbs. This patient was a high level 
paraplegic and also diabetic. His amputations 
were the result of repeated pressure sores 
from sitting. He had little trunk balance but 
the high trim lines of his socket provided 
support. The trim lines were made much 
higher in this case to provide more trunk 
support because of the high level paraplegia 
(Fig. 13). A special "seat base" was also 
needed to make this patient feel secure from 
tipping over, again due to the paraplegia. 
This base was used primarily in the wheel
chair and was a female key to the distal 
square shape of the socket. This keying pro
vided security between the socket and base. 
After a few months use, this patient returned 
to us at which t ime the tr im lines were 
lowered as he now demonstrated improved 
trunk balance. The posterior tr im was 
brought down to one inch below the inferior 
angle of the scapulae; The same anterior tr im 
line just below the nipple l ine has been satis
factory on all cases. 

Fig. 11 — Prosthesis as it would appear in normal use. 

Fig. 12 — Bilateral hip disarticulation patient. The en
tire width of the socket was used as the base since 
there was no trunk length loss. 

Fig. 13 —Socket for hemicorporectomy patient with 
paraplegia and diabetes. A higher term line was re
quired for trunk support. A wider base was also 
needed for more support. 



Fig. 14-Removable socket system used on hemi
corporectomy patient with paraplegia. 

A third hemicorporectomy secondary to 
parplegia and pressure sores with an un
healed grafted area over the distal spine was 
also fitted with the socket only to provide 
h im with an upright position, protect the 
skin graft, and provide mobility. This patient 
is currently a college student. 

A few additional measurements will greatly 
ease the fabrication of these devices. The 
length of the extension can be determined by 
measuring the amount of space from the end 
of the trunk to the table top while the patient 
is supported on the palms of his hands with 
elbows slightly flexed. This length is the 
amount of extension needed. The diameters 
of the rib cage, both lateral and anterior pos
terior will provide a more accurate positive 
mold modification. 
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INTRODUCTION 
The need for specialized seating systems 

for the severely involved individual has been 
apparent for many years. Such individuals 
can be described as being dependent in 
transfers, severely contracted in many joints, 
with significant fixed spinal deformity in
volving severe rotation as well as lateral de
viation. Generally, one hip is dislocated and 
there is concomitant thigh length inequality. 
Frequently there is a problem with control of 
the neck and head. These individuals are 
often stunted in growth, and have sparse soft 
tissue. Techniques to provide seating systems 
for such persons have been extremely l im
ited and consist mainly of carving pieces of 
open cell foam to fit around body promi
nences. The execution of this method has 
frequently been the responsibility of the oc
cupational or physical therapist, requiring 
large amounts of the therapist's t ime and still 
resulting in an unsatisfactory product. With 
the introduction of modern plastic technol
ogy into the field of rehabilitation the means 
of providing improved postural support sys
tems has become more readily available. 

O n e approach has been the development 
of a modular seating system, the Molded 

Plastic Insert (M.P.I.), to meet the needs of 
the moderately involved child with cerebral 
palsy (1,2,3). Recently the M.P.I. system has 
become commercial ly available. 3 Another 
approach, Foam-In-Place, results in a flexible 
foam cushion contoured to the body surface 
and derived from using the body directly as 
the mold (4,5). Other techniques that use the 
body as the mold for an impression that leads 
to a custom made total contact shell have 
been described. (6,7,8,9). 

In general, two methods of obtaining 
the impression have been documented; i.e. 
prone or supine positioning of the client. In 
prone positioning (6), the individual is posi
tioned face down with hips flexed over the 
edge of an examining couch or an " A " frame. 
Whi le the client is held in the proper posi
tion by assistants an impression is taken 
using either plaster-of-Paris splints (pro
tecting the clothes with drapes) or with 
a vacuum dilatency bag. This method of 
acquiring an impression has the advantage of 
being simply and inexpensively achieved. 
Doubts persist, however , about its efficacy as 
the individual is being cast in an unnatural 
position where none of the gravitation or 
postural reactions are active. 



For the supine positioning method, the 
subject is held in the actual desired seated 
position, and the impression is taken using 
vacuum dilatency bags. Vacuum dilatency 
bags consist of airtight bags filled with some 
small grained medium (polystyrene beads, 
crushed walnut shells, sand, etc.) attached to 
a vacuum pump. At normal atmospheric 
pressure, the contents of the bag will slide 
past each other and thus are moldable. When 
a vacuum is applied the bag is sucked in on 
itself, the contents are compressed, the sur
faces interlock preventing slippage, and the 
bag becomes rigid. The great virtue of this 
technique is that the fit of the impression can 
be evaluated while vacuum is maintained 
and if judged unsatisfactory the vacuum can 
be released and the bag remolded. In effect, 
the vacuum dilatency bag can be used much 
the same as a test or check socket is used in 
prosthetics. 

After observing and attempting several of 
the previously described methods, it was de
cided to combine the more desirable features 
and materials of each in order to construct a 
custom, padded, covered seat easily inter
faced with a variety of wheeled bases. 

EQUIPMENT 
An adjustable fitting chair was used with 

vacuum dilatency bags. The base of the chair 
was the same as that used in the Foam-in-
Place process (4). The chair was modified for 
the vacuum dilatency bags by the addition of 
plywood surfaces. The horizontal seat panel 
slid back and forth to allow for adjusting to 
proper seat depth and was further adjustable 
by means of two "trays" to accommodate for 
thigh length inequality. The vertical back 
panel is non-adjustable but removable (Fig. 
1). The chair itself, by virtue of the original 
design, allows for the patient to be reclined 
to various angles and for the angle of the seat 
relative to the back to be changed. 

Instead of one large vacuum dilatency bag, 
as is commonly used, it was decided to use 
one bag for the pelvis and thighs, and a sec
ond bag for the trunk. This meant that full 
attention could be devoted to positioning the 
lower supporting segments of the body prior 
to any attempt being made to position the 
trunk. Polystyrene beads, by virtue of their 

Fig. 1 —The adjustable fitting chair. Seat re
clining, fitting and depth may be adjusted. 

Fig. 2 — A dilatency bag is on the seat. A separate 
bag is used for the back. A double knit pillow seat 
is filled 1/3 to 1/2 full with polystyrene beads. A 
vacuum hose inserted in the bag will evacuate the 
air and provide a firm mold. 



static charge, cling to everything and are 
messy to work with. To obviate the need to 
handle them directly, two sacks of thin 
double-knit material were constructed, each 
about 24" X 24" and filled about 1/3 to 1/2 
full with the beads. The top and bottom sur
faces of the sack were loosely sewn together 
with a mattress stitch about every 4" in a grid 
pattern to keep the beads more evenly dis
tributed. O n e end of a plastic tube was 
masked with a layer of cloth and secured to 
an edge of the cloth sack. To prepare the 
sacks for use each was positioned flat inside 
a 2 or 3 ply plastic trash bag and the opening 
sealed shut using double faced adhesive car
pet tape and electrician's tape. The bags were 
smoothed flat and held in place on the chair 
using the same double faced adhesive carpet 
tape. The plastic tubes were secured to the 
valve arrangement that permits one or both 
bags to be depressurized, and full or partial 
vacuum to be applied (Fig. 2) . 

NEGATIVE IMPRESSION 
PROCEDURE 

The client should be accompanied by the 
mother, physical therapist, or other adult fa
miliar with the client 's daily activities and 
postural pattern. The goals to be achieved 
with the seat should be carefully defined and 
a physical assessment completed to deter
mine ranges of motion, body prominences, 
and other relevant factors. The fitting chair, 
minus the bags, should be set to roughly the 
proper dimensions and attitude. If desired, 
the client can be briefly positioned on the 
chair to refine the desired position. The vac
uum dilatency bags, connected to the vac
uum source, are laid flat on the floor, and 
smoothed to a uniform thickness. As an aid 
in this step it may be desirable to apply a 
partial vacuum. The bags are then secured in 
place on the chair, while the partial vacuum 
is retained, and the client positioned on 
them. The partial vacuum makes the bags 
malleable and of a consistency like modelling 
clay or lead. The seat portion should be 
molded first before doing the back. Care 
should be taken to insure that the anterior 
edge extends fully in the popliteal space of 
both legs and that an adequate pommel , if 
desired, is present (Fig. 3) . It should be borne 

in mind that the bag will shrink as full vacu
um is applied. 

Once a satisfactory fit has been achieved 
and full vacuum applied to the seat, the 
trunk section is done in a similar fashion. 
Make sure that adequate support is provided 
in the lumbar region and from any lateral 
extensions, al though if the bag extends ante
riorly much past the mid-line on both sides 
of the trunk difficulty may be encountered in 
extricating the individual. The mold can ex
tend up to include the head if required. If the 
mold is judged unsatisfactory the vacuum 
can be released and the process started over. 
To facilitate this, the bag or bags can be 
reinflated by briefly using an air hose. Once 
a satisfactory impression has been achieved 
the subject should remain in it for 15-30 
minutes and observed for his reactions. Dur
ing this t ime, the angle of inclination can be 
varied and its effect on the individual ob
served. Trimlines should be marked on the 
trash bags using a broad tip felt pen. The 
individual should be removed with care so as 
not to disturb the position of the bags and the 

Fig. 3 —The dilatency bag is smoothen and placed 
on the seat. After the seat depth and angle has 
been set, the patient sits on the bag and is com
fortably positioned. Vacuum is applied and the 
cushion becomes firm, leaving a negative impres
sion. Partial vacuum may be used to modify the 
impression. 



skin inspected for pressure areas. Meas
urements denoting the desired inclination 
should be taken from the chair and vertical 
reference lines marked. At no t ime can the 
vacuum be released without losing the im
pression (Fig. 4) . If the patient has a wheel
chair or other wheeled base that is to be used 
with the finished seat, it should be measured. 
This concludes the evaluation and casting 
session, and the client can return home. 

An impression is now taken of the vacuum 
dilatency bags using plaster-of-Paris splints. 
The transition zone between the two bags 
can be bridged with broad masking tape to 
provide continuity of surface and trimlines. 
While it adds considerably to the t ime spent 
on the casting process covering the entire 
involved surface of the two bags with mask
ing tape creates a smoother cast. Indelible 
pencil should be used to make sure that all 
previously marked lines transfer to the 
splints. Once the plaster has set, the vacuum 
can be released and the two bags separated 
from the plaster-of-Paris model. The trash 
bags can be removed from about the cloth 
sacks and discarded. 

FABRICATION 

The plaster model should be positioned 
upside down on a table and the edges ex
tended down to the table top with more 
splints. The interior of the model should be 
reinforced with a thick coating of plaster-of-
Paris with rigid urethane foam (8). The plas
ter-of-Paris splints are left in place and not 
stripped off. The top surface is scraped some 
to smooth it, but the vast majority of the 
smoothing is done by adding plaster. Un
desirable undercuts or protruding areas are 
filled. Two or three coats, smoothing with 
rasps and sand cloth after each, may be nec
essary to attain the desired results (Fig. 5). 
T h e model is prepared for vacuum-forming 
by drilling holes in the low areas, positioning 
it on the platen, and covering it with orlonspandex bathing suit (or leotard) material. 

The seat is fabricated of three separate lay
ers. T h e first or innermost layer is of 
Naugaform® 4, a vacuum-formable version of 
Naugahyde®. Naugaform® comes in two ver-

Fig. 4—Completed seat impression. The patient 
remains in the seat for 15-30 minutes to test the 
fit. The patient's skin is checked for pressure 
areas. Plaster splints are used to make a per
manent impression. When a back mold is also 
required, masking tape may be used to bridge the 
gap between the seat and the back. 

Fig. 5 —Positive mold ready for vacuum forming. 



sions, one cloth backed and the other foam 
backed (no cloth reinforcement). The foam 
backed version is the one of choice as the 
absence of reinforcement means it can be 
formed over objects of greater surface com
plexity and of greater height. Foam back 
Naugaform® is available in limited quantities 
by inquiry directly to Uniroyal. It is a poly
mer of PVC and therefore moldable in a tem
perature of 350°F to 400°F . Once vacuum 
formed, the Naugaform® is left on the model 
and secured in place with staples about the 
periphery. 

The second layer is of one inch closed-cell 
foam padding vacuum formed over the 
Naugaform®. The padding used was Enso-Foam®5, a closed-cell Polyolefin foam manu
factured by Uniroyal. Enso-Foam® behaves 
like the various closed-cell polyethylene 
foams long familiar to the field of prosthetics 
and orthotics and is available in two densities 
and a range of thicknesses. The most reason
able way to fasten the two layers together is 
to actually do it during the process of vac
uum forming the Enso-Foam®. Royal® 

M6321-Contact Bond Adhesive 6 , another 
product of Uniroyal, is recommended for this 
application. The adhesive is applied to the 
two surfaces, the Enso-Foam® is heated, and 
vacuum formed over the Naugaform® and 
model. It may prove necessary to puncture 
small holes in the Naugaform® with a hypo
dermic needle in the various low lying areas 
of the model. Once the Enso-Foam® is vac
uum formed it is left in place, untr immed, 
and the third layer is molded over it. This is 
of 3 /16" or 1/4" Kydex, a copolymer of acrylic 
and PVC. To facilitate vacuum forming the 
Enso-Foam should be covered with a layer of 
bathing suit material. Once the Kydex has 
cooled the seat is t r immed to approximate 
trimlines and is ready for temporary mount
ing on an interface. To finish the edges of the 
two interior materials, either trim the edges 
even and then dye the exposed Enso-Foam® 
surface, or leave the Naugaform® longer and 
roll it over the Enso-Foam. Both methods 
avoid permanent at tachment to the third 
layer of Kydex. The eventual need to disman
tle the seat either in part or in total should be 

Fig. 6-Finished seat mounted on plywood platform to frame for the wheeled base, also called the Universal 
Telescoping Interface. 



kept in mind. Fastening the Enso-Foam® to 
the Kydex with Velcro patches allows for 
this. 

Devising and fabricating a suitable inter
face to mount the seat on a wheeled base can 
involve considerably more time and effort 
than the rest of the seat put together. One 
method involves the use of plywood and 
urethane foam. Another uses metal fixtures 
that are attached to the seat and hook in 
brackets mounted on the frame of the 
wheeled base. A third technique employs an 
outer plastic shell in which the seat is placed 
and the void between the shell and seat filled 
with foam (8). A newer technique which 
offers particular promise involves the Uni
versal Telescoping Interface (UTI). The UTI 
is an integral part of the previously described 
MPI system and is used to hold the seat and 
back portions in proper position and to 
mount them in a wide variety of wheeled 
bases. The seat and back portions of the UTI 
can be elongated or shortened and the angu
lar relationship between them changed. Four 
metal outriggers are mounted on the frame 
and can be adjusted for width. The outriggers 

Fig. 7A - Anterior view of the seat on the orthokinetic travel base. Small, lightweight and inex
pensive wheeled bases, such as strollers or the 
Pogon (McClaren) buggy are satisfactory. 

Fig. 7B — Lateral view. In this case, independent mobility was not a consideration. 



Fig. 8A — The system the patient was previously 
using was large, cumbersome and heavy. 

Fig. 8B — Wheelchair wheels were not necessary. 

are secured to the frame of the wheeled base 
by metal attachment brackets. By manipu
lating the positions of the outriggers and 
brackets the position and angle of inclination 
of the seat can be modified. At either end of 
the UTI a metal bracket is secured for attach
ment of a foot rest and headrest. For this 
particular application these brackets were re
moved and plywood platforms secured in 
their place. The seat was mounted in the 
proper al ignment on these platforms tempo
rarily and the void between the platform and 
the surface of the seat filled with rigid foam. 
A similar platform sitting on the frame of the 
UTI and under the pelvic area of the seat was 
devised. Once an initial fitting was per
formed and the orientation of the seat rela
tive to the UTI verified, the outer surfaces of 
the three platforms were covered with scrap 
Naugaform® to present a finished appear
ance (Fig. 6). 

Selection of an appropriate wheeled base 
may be constrained by the need or desire to 
use what the individual already has (Fig. 
7a,b). If it should prove appropriate to select 



Fig. 9 —The new seating system is light, less 
bulky and has a more pleasing appearance than 
the system previously used. 

a new wheeled base every consideration 
should be given to obtaining one that is as 
small, l ightweight, and inexpensive as possi
ble. In particular, it should be kept in mind 
that such alternatives to wheelchairs as the 
Pogon (McClaren) buggy and strollers have 
proven quite satisfactory (Fig. 8a,b). 

FITTING AND FINISHING 
It should be anticipated that two fitting 

sessions following the casting session will be 
necessary. The first fitting is to verify details 
of fit and al ignment and plan any changes. A 
second session is then required to check the 
accuracy of any changes made and to deliver 
the completed seat to the individual (Fig. 9). 
Followup either in person or by telephone 
with the responsible clinician involved with 
the patient should be conducted in about six 
weeks. 

CONCLUSION 
In conclusion, a method has been de

scribed for providing custom molded seats. It 

should be readily apparent that very little, if 
any, of the method is original, but is rather a 
synthesis of various methods used by others. 
It should also be apparent that the method is 
neither simple, inexpensive, nor quick. 
Therefore, it is felt that this method should 
be reserved for those individuals so severely 
involved that it is the most reasonable solu
tion to a very difficult problem. For those 
individuals with greater flexibility and less 
deformity, considerably less complicated 
solutions to their seating needs can be de
vised, such as solid seats and backs, the MPI , 
or spinal orthoses. It should also be borne in 
mind that the use of such a seating technique 
with limited padding may be inadvisable for 
those with spinal cord injury due to the lack 
of sensation and the potential of decubitus 
ulcers. 
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INTRODUCTION 

Scoliosis is a complication of wheelchair 
confinement in Duchenne muscular dystro
phy. 4 Such curves are rapidly progressive 
and are convex toward the side of the domi
nant hand because the patient usually leans 
toward the nondominant side to support the 
dominant arm. 3 A variety of external spinal 
containment systems have been described 
which retard the rate of scoliotic progression 
by maintaining the spine erect. Wilkins and 
Gibson, studying 62 wheelchair-confined 
Duchenne dystrophics, noted that al though 
many developed marked scoliosis and kypho
sis, those with hyperextended spines and rig
id paraspinal contractures had comparatively 
little lateral curvature. 5 Locking of vertebral 
facets in exaggerated lordosis apparently in
hibits the development of scoliosis. Wilkins 
and Gibson recommend orthotic manage
ment of wheelchair-confined patients to keep 
the pelvis level and the spine extended. This 
can be accomplished with a firm wheelchair 
seat and either circumferential or three-point 
torso support, preferably fabricated from orthoplast or Pelite-lined polypropylene or 

polyethylene. Alternatively, a spinal con
tainment orthosis in the form of a modified 
wheelchair seat may be used. 2 This method 
features a fiberglass shell, lined with custom-
carved polyurethane foam upholstered with 
a modified urethane foam and a tricot 
double-knit covering. The patient's pelvis is 
snugly fitted and his thoracolumbar junction 
extended. The lumbar lordosis thus created is 
bolstered by the backrest, which also incor
porates lateral flanges to support the sides of 
the chest. To further encourage lumbar ex
tension, the backrest is inclined backward 15 
degrees. Although offering a viable option in 
the prevention of scoliosis in wheelchair-
confined Duchenne dystrophies, cost and 
availability of this system limit its wide ap
plication. 

A wheelchair seating insert, referred to as 
the "Chicago insert", was developed by the 
authors. T h e insert was modeled on the de
sign of Wilkins ' and Gibsons ' "Toronto spi
nal support system", and is prescribed when 
a patient with Duchenne muscular dys
trophy is first wheelchair-bound (Fig. 1). For 
those who have already developed slight sco
liosis, the device can correct seating imbal
ances to reduce lateral leaning. In can be 
fitted to any standard wheelchair . 



Fig. 1 — The Chicago insert fits in a wheel chair. The back is designed to hyperextend 
the lumbar spine. Lateral pads prevent leaning and do not interfere with arm 
movement. 

Fig. 2-Fabrication of the seat. Wide rubber bands 
are stretched across the back. Ethafoam and temper 
foam are used to pad the seat and lateral pads. 

FABRICATION AND 
FITTING 

Measurements include the width of the 
wheelchair, vertical height at the waist with 
the patient seated on a flat surface and a snug 
measurement at the waist. A plaster mold is 
not required. Construction begins with a 
hinge spring steel frame, over which wide 
bands of rubber are stretched. A block of 
ethafoam, a close-cell polyurethane, is used 
for the seat and is cut to give a 15 degree 
posterior tilt. O n e inch Temper foam is glued 
to the seat for comfort. The entire seat is then 
covered with plastic. (Fig. 2). The back of the 
insert is angled posteriorly 15 degrees supe
rior to waist level in order to provide thora
columbar hyperextension. Lateral control 
pads attach at the hinge of the seat, flaring 
upward with the apex at waist level and the 
superior border at the level of the lower two 
ribs. These are formed using 3 /16" poly
propylene as a base, with carved ethafoam 
for shape and, again, one inch Temper foam 
for comfort. The entire orthosis is then cov
ered with nylon tricot, which does not re
strain the conforming actions of the foam. 



During fitting, the lateral control pads 
must be adjusted so they do not impinge on 
the arms. The height of the apex of the pads 
and correct placement of the extension bend 
should be checked. Usually, a slack back has 
to be applied to the patient's existing chair to 
allow full extensions of the insert.* 

Posterior tilt of the seat fits the patient 
against the back of the device, encouraging 
extension and guiding the lumbar spine into 
lordosis, thus locking the lumbar facets. The 
firm seat keeps the pelvis level, whi le the 
lateral control pads help center the patient in 
the chair and discourage lateral leaning. The 
"Chicago insert" provides some of the 
benefits of the "Toronto spinal support sys
tem" and is more cost effective. 

*Further fabrication and fitting details available from North Shore 
Orthopedics, 2041 Green Bay Road, Highland Park, Illinois 60035 
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INTRODUCTION 
Edema of the residual l imb following am

putation is a universal problem. T h e accu
mulation of this edema is due to several 
factors; handling of the tissues during 
surgery, post-operative inactivity and lack of 
muscle tone in the residual l imb. As pros
thetic fitting is not possible without reduc
tion and control of edema in the immediate 
post-operative phase following amputation, 
edema must be kept to a min imum. Edema 
can be an additional problem for a patient 
who has a prosthesis but who does not use 
the prosthesis for several days because of 
some medical or prosthetic problem. 

Current methods used for reduction of 
edema include elastic bandaging, elastic 
shrinkers, pneumatic shrinkers and rigid 
dressings in the immediate post-operative 
phase. Of these, elastic bandaging is the most 
commonly used method. 

O n reviewing the literature very little has 
been written about the ideal external pres
sure which should be applied to reduce 
edema. A number of studies 1, 3, 4, 5 , 6, 1 8 have ex
amined the effects of external pressure on 
venous and skin flow and also edema re
duction in the whole l imb. J. B. Redford 1 6 

compared the effects of pneumatic and "Tubigrip" (elastic) shrinkers and concluded that 
both devices result in satisfactory reduction 
of edema although pressures were not meas
ured under the residual l imb in his study. 
Isherwood, et. al . 8 compared the pressure ex
erted by an elastic wrap, a pneumatic band
age and "Puddifoot dressing" in amputees. 
The "Puddifoot dressing" is an elastic stock
ing applied over a polyurethane foam lin
ing. 1 5 These investigators found that there 
was great variation in range of pressure ap
plied by elastic wrap and the pneumatic 
bandage. Pressures ranging between 15 to 25 
mill imeters of mercury were reported. The 
"Puddifoot" stocking applied a lower pres
sure of 10 to 12 mill imeters of mercury. 

Prior to this project, we reviewed several 
studies on the effect of external pressure in 
both reduction of edema and venous re
turn.1,3,4,5,6,1 8 From this review we concluded 
that an ideal pressure range should be 
around 20 to 25 mill imeters of mercury and 
a range of 15 to 30 probably acceptable. With 
the help of one of the manufacturers of 
elastic shrinkers we developed an elastic 
stocking which would maintain this "ideal 
pressure" for a prolonged period of time. We 
compared the pressure applied by the elastic 



bandage and another elastic shrinker cur
rently available. 

MATERIALS AND METHOD 
Lower l imb amputees were selected from 

among the patient population from the Kan
sas University Medical Center, Kansas City, 
Kansas and the Veterans Administration 
Medical Center in Kansas City, Missouri. A 
total of 41 amputees were studied ranging in 
ages from 15 to 55 years. The length of t ime 
post amputation varied from two weeks to 
two years—the average being less than one 
month. 

The circumference of the residual l imb 
was measured in two different places and an 
average was computed. Below knee ampu
tees were measured 2 inches and 4 inches 
below the medial tibial plateau. In above 
knee amputees, with the anterior superior 
iliac crest as the reference point, measure
ments were made at 4 inches and 7 inches 
distally. 

Three different types of pressure bandages 
were used. 

• Elastic Wrap. 

• Elastic shrinker which is currently 
available on the market (Product l 2 ) . 

• A new elastic shrinker modified by the 
manufacturer depending on the effi
cacy of the compression (Product 21). 

We tested 6 different types of elastic shrinkers manufactured the same company. The 
final version was the one that met the follow
ing criteria: 

• Pressure exerted was within the accept
able limits. 

• Sustained pressure was applied for a 
long period of time. 

• No change in pressure was noted with 
repeated washing. 

• Acceptance by patients. 

INSTRUMENTATION 
A number of instruments are available to 

assess pressure applied to the skin. 2 , 8 , 1 4 The 
instrument we used for the measurement of 
pressure consisted of a pressure switch, a 
solid state pressure transducer (Microswitch, 
Honeywell , 120 PC Series), a liquid crystal 
readout in mill imeters of mercury and asso
ciated electronic circuitry (Fig. 1). The pres
sure switch was similar to the pressure 
sensory described by Isherwood, et. al . 8 It 
consists of a flat silicone rubber envelope 
with internal switch contact. When the pres
sure on the envelope exceeds the pressure 
between the skin and stocking material, the 
contact separates and switches off an indi
cator located in the solid state pressure read
out. At the instant the indicator is off, the 
pressure is read. We repeated this several 
t imes to obtain an average pressure reading. 
Four pressure sensors were attached to the 
residual l imb; two on the anterior surface 
approximately two inches and five inches 
from the distal end of the l imb, and the re
maining two were located under the poste
rior surface at the same distances. 

Fig. 1 — Pressure instrumentation used to measure pres
sure applied to the skin by prosthetic bandages. The 
instrument consists of a pressure switch, a solid state 
pressure transducer and a readout in millimeters of 
mercury. 



Fig. 2 A - A single layer of elastic wrap is pulled over the limb and a plastic ring is pulled snugly 
against the skin. 

Fig. 2B-The wrap is then doubled back to provide 
two layers of compression. 

T h e pressure under the elastic wrap was 
measured after application by both patient 
and staff. The pressure underneath the elas
tic shrinkers were measured under single 
layer and double layer wraps. (Figs. 2 A&B) 

Pressure sensors underneath the new elas
tic shrinkers (Product 2) were in place for a 
long period of t ime and pressure was checked 
at periodic intervals. Pressures were also test
ed after repeated washings of the elastic 
shrinker. 

RESULTS 
The results of the pressure versus s tump 

circumference measured with three different 
types of s tump bandages are shown graph
ically in Figures 3, 4, 5, 6 and 7 namely: 
Elastic wrap, Product 1 (shrinkers 6 " circum
ference) and Product 2 (6 ,8-10" circum
ference). T h e area between the two straight 
lines represents the acceptable l imits of ap
plied pressures. Figure 4 shows the pressure 
versus l imb circumference for the elastic 
wrap on 13 patients for circumferences sizes 
varying from 15 to 65 mill imeters of mercury 
with only 5 measurements in the ideal range. 



Seven patients using the elastic wrap had 
pressure greater than 40 millimeters of mer
cury. There was a large difference in the ap
plied pressure depending on whether the 
wraps were applied by skilled or unskilled 
persons. In follow-up measurements with 
prolonged usage, the elastic bandage tended 
to loosen and decrease the pressure exerted. 

Figure 4 shows the average pressures 
measured with Product 1 on six patients. The 
residual l imb circumference varied between 
10 and 14 inches. As measured, a single layer 
exerted less than 10 m m / H g over a 14 cm. 
residual l imb. When doubled the same elastic 
bandage exerted pressure in the lower ac
ceptable limits for only 3 patients and less in 
others. 

Twenty patients were tested with Product 
2 with shrinkers in single and double layers. 
In most, the pressures were below acceptable 
levels when a single layer was used, but 
when doubled 18 out of 20 showed an in
crease in pressure to within acceptable limits. 
Following repeated washing of Product 2, 
there was n o decrease in the pressure exerted 
underneath the elastic shrinker. Figures 5, 6 
and 7 show the results obtained with 6", 8" 
and 10" unstretched diameter elastic shrink
ers. The corresponding ranges of l imb di
ameters are also shown on the figures. 



DISCUSSION 
O n e of the important factors in edema con

trol is equilibrium between the intra and 
extracellular fluid compartment. 1 6 , 1 7 At the 
arterial end of the capillary, the net forces 
favor exudation of fluid into the interstitial 
space with outward positive pressure of 7 
mill imeters of mercury. Whi le at the venous 
end the net forces favor resorption of the 
fluid from the interstitial space in the venous 
capillary with a negative pressure 7 milli
meters of mercury. Use of external compres
sion can raise the extra-vascular hydrostatic 
pressure. This in turn decreases exudation of 
fluid at the arterial end of the capillary while 
increasing the resorption at the venous end. 
External compression also increases venous 
return. External pressure is especially im
portant to control edema in an amputated 
l imb which has virtually no muscle con
traction to aid venous return. 

A number of previous studies have exam
ined the effect of external compression on 
venous return and reduction of edema. Allan 
Holloway, et. al., studied skin blood flow 
with Xenon clearance. 4 This study showed 
that the skin flow decreased when external 
pressure applied was less than 5 to 10 milli
meters of mercury and also when pressure 

was above 30 mill imeters of mercury. H. E. 
Groth, et. al. evaluated the effects of elastic 
stockings on saphenous and femoral venous 
flow by Doppler study. 3 Groth concluded 
that elastic stockings increase the venous 
flow velocity by 32 to 52 percent. Mueller, et. 
al. as quoted by Isherwood, studied the effect 
of elastic compression on femoral venous 
flow and concluded that the external pres
sure in excess of 0.04 kilogram per centimeter 
squared (25 mill imeters of mercury) was po
tentially harmful. 8 Makin recommended an 
external pressure of 20 millimeters of mer
cury to be optimal. 1 0 Husni, et. al. showed 
that air splints inflated with 20 millimeters 
of mercury offered excellent compression 
in the lower extremity without compro
mising the venous circulation. 7 Several other 
studies, 9, 1 1, 1 2, 1 9 all showed that external com
pression reduced edema. Based on these 
studies we concluded: 

• Elastic compression helps in reduction 
of edema and increased venous return. 

• External pressures of less than 15 milli
meters of mercury are ineffective in in
creasing venous return but external 
pressures of more than 30 mill imeters of 
mercury may cause harm. Therefore the 



ideal pressure exerted by elastic com
pression stocking should be between 20 
and 25 mill imeters o f mercury. 

• The compression stocking should be ca
pable of sustained pressure over a pro
longed period of time. 

• The pressure should be graded so that it 
should be more at the distal l imb than 
the proximal l imb. 

The rigid dressing is still considered the 
most efficient method of reducing residual 
l imb edema in the immediate post operative 
phase. 1 3 Unfortunately, use of the rigid dress
ing after amputation is not widely accepted 
by surgeons. It also requires a special team to 
provide the maximum benefit in its usage. 
Therefore, in spite of proven value, applica
tion of rigid dressing does not appear to be 
very popular. Wrapping the l imb with an 
elastic bandage appeared to be the most 
convenient and perhaps the most popular 
method, but the elastic bandage has definite 
disadvantages as discussed above. The elastic 
shrinker tested in this study appeared to be 
easier for the patient to apply and, more 
importantly, to be more efficient in the 
reduction of edema. Manella, K. J . has also 
reported that elastic shrinker is more 
effective than the elastic bandage. 1 1 

Additionally, we found that with the 
"Compressogrip" the pressure was main
tained for a long period of t ime and repeated 
washing did not affect the elasticity of the 
fabric used for the shrinker. 

Based on our study the following are the 
advantages and disadvantages of the elastic 
shrinkers: 

Advantages of Elastic Shrinkers 
1. (a) With a temporary prosthesis during 

the night. 
(b) When rigid dressing can not be used. 
(c) When patient can not use per

manent prosthesis due to repair or 
illness. 

2. Ease of donning. 
3. No special skills needed. 
4. Pressure exerted close to ideal range. 
5. Constant pressure over prolonged 

period of time. 

Disadvantages of Elastic Shrinkers 

1. Can be painful to apply and wear imme
diately post-operatively. 

2. More expensive than the elastic ban
dage wrap. 

3. Rolling of the elastic proximal border is 
a problem in A / K amputees. 

SUMMARY 
We have reviewed the literature to deter

mine the ideal pressure to exert on residual 
l imbs to successfully reduce edema. We 
tested the currently popular methods, meas
uring pressure under elastic bandage wraps 
and two types of elastic shrinkers. The elastic 
wrapping was shown to be less expensive 
than either of the elastic shrinkers. Pressures 
underneath the elastic wrap were found to 
vary widely depending on who applied the 
wraps. Both types of elastic shrinkers were 
easier to apply than the elastic wrap and any 
patient or family member could learn to 
apply these properly. Upon comparison 
there existed a significant difference in the 
pressure exerted between the types of elastic 
shrinkers used in this study. W e therefore 
developed and recommended an elastic 
shrinker (Compressogrip) which exerts a 
pressure in the ideal range as demonstrated 
in this study. 

Footnotes 
1Knit Rite Corporation, Kansas City, Missouri (Compresogrip) 

2Jobst Corporation 
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The Berkeley Endoskeletal 
Below Knee Modular System 

Timothy Staats, M.A., C.P. 

INTRODUCTION 

Endoskeletal systems for lower l imb am
putees are increasingly used as a means of 
efficiently fabricating, aligning and finishing 
prostheses. Early work with pylon systems 
was done by Wheeler (1947) in an experi
mental prosthesis for Northrup Aircraft (1). 
Hammontree et al (1965) described a tempo
rary pylon used as an early fit system for 
geriatric below knee amputees (2). Foort and 
Hobson (1965) revolutionized many of the 
concepts of below knee pylon systems by 
their development of a prefabricated recep
tacle system with al ignment features built 
into the pylon at the socket and ankle levels 
(3). Goldner et al (1966) from Duke Univer
sity used temporary plaster and plastic py
lons as a preparation for fitting permanent 
above knee and below knee prostheses (4). 
Staros and Gardner (1969) presented the con
cept of direct forming of below knee sockets 
using thermoplastic materials. Adapting that 
technique, they utilized the United States 
Manufacturing Company 's Adjustable Pylon 
System (5). Wilson (1969) detailed the exist
ing pylon systems in a comprehensive over
view of below knee prosthetics (6). 

DESCRIPTION OF 
COMPONENTS 

The Berkeley Endoskeletal Below Knee 
Modular System* (Fig. 1), or Berkeley pylon 

Fig. 1 — A below knee socket which has to be aligned 
on the Berkeley pylon and then finished with a rein
forcing lamination. 



is a vertical pylon al ignment coupling and 
endoskeletal foundation for the below knee 
prosthesis. The Berkeley pylon offers a light 
weight, easy to fabricate and simple design 
pylon for use as a temporary or intermediate 
pylon. The Berkeley pylon was developed at 
the University of California at Berkeley, Bio
mechanics Laboratory under contract with 
the Veterans Administration. The Berkeley 
pylon may be used as a definitive prosthesis 
only if the system is duplicated from an 
aligned socket on an adjustable leg using 
standard prosthetic fabrication methods. The 
Berkeley pylon system can also be adapted to 
commercial ly available ankle rotators. 

and large (5" diameter). The semi-flexible cup 
is presently fabricated with nylon and fiber
glass polyester laminate. When heated, the 
cup may be tr immed to adequately receive 
the below knee socket. A clearance space of 
1/2" m in imum (Fig. 2A) is necessary between 
the distal end of the socket and the cup when 
the pylon is used as a temporary or inter
mediate prosthesis. For a definitive prosthe
sis, the socket can be pressed into the bottom 
of the cup during essentially standard dupli
cation procedures. 

The spherical al ignment (Fig. 3A and 3B) 
coupling attaches the below knee socket and 
socket cup to the pylon system via a coupling 

The Berkeley pylon weighs 18 ounces, and 
consists of five component parts: 

• Socket cup 

• Spherical al ignment coupling 

• Internal proximal clamping component 

• Pylon tube - 1 3/8" O.D. 

• Internal foot clamping component 

The socket cup is a receptacle for the below 
knee socket (Fig. 2A). The socket cup is 
heated to allow the below knee socket to be 
press fitted into the cup. T h e socket cup is 
available in two sizes, regular (4" diameter) 

retainer and 5/16" hex bolt, which passes 
through the posterior aspect of the coupling 
housing. The lower end of the spherical 
al ignment coupling is called the Internal 
Proximal Clamping Component (Fig. 4A) . 
The pylon tube slides over this assembly and 
is secured by t ightening the hex bolt on the 
distal end of the clamping component using 
an extension socket wrench (Fig. 4B). The 
internal expanding tube clamp utilizes the 
full strength of the pylon to assure rigid con
nection. Care must be taken not to over tighten 
the internal tube clamp. Optimal wrench torque 
is 15ft./lbs. 

The Internal Foot Clamping Component 

Fig. 2A — The flexible socket attachment cups are fab
ricated from polyester resin and come in two sizes. 

Fig. 2B — The socket attachment cup is heated, mold
ed and trimmed to provide contact and then epoxied 
to the socket. 



Fig. 3A —The spherical alignment coupling allows 
angular adjustment by loosening the hexagonal bolt 
on the posterior aspect. 

Fig. 3B — The serrated edges in the spherical alignment coupling that lock alignment adjustments in place. 

can be used with any wooden keel S A C H 
foot (Fig. 5). The foot should be attached to 
the clamping component with a 3/8" - 1 6 hex 
bolt and two wood screws to secure the as
sembly to the top of the foot. The foot is 
attached to the pylon by tightening the foot 
bolt (Fig. 5). The Berkeley pylon system is de
signed for and requires a minimum of 5-1/2" 
between the bottom of the socket and the top 
surface of the SACH foot. 

INITIAL ASSEMBLY AND 
ALIGNMENT 

Select the proper size socket attachment 
cup in which to fit the below knee socket. 
The upper edge of the socket at tachment cup 
must fit snugly against the below knee 
socket. It is usually necessary to heat and 
trim the socket attachment cup to achieve 
this intimate fit. Scribe or draw an alignment 
center line on the posterior aspect of the 



Fig. 4A - The internal clamping component. The pylon slips over this component and is held in place by the 
expansion of the component when the bolt is tightened. 

Fig. 4B-An extension socket wrench is required to reach in the pylon and tighten the bolt. 

socket. This will allow the socket to be re
moved from the socket attachment cup and 
accurately replaced. Bond the socket to the 
attachment cup using epoxy or a similar 
adhesive. 

Static al ignment of the Berkeley pylon 
requires accuracy in negative impression 
casting and positive mold modification tech
niques for the best results. It is suggested that 
the negative impression casting techniques 
and prealignment lines described by Hamp
ton (1965) in the "Northwestern Suspension 
Casting Technique" (7) be considered to aid 
in establishing angular and linear references 
prior to static alignment. Generally, if rea

sonable care is taken to establish good flexion 
and adduction angles, socket foot positioning 
with the Berkeley pylon is adequate for tem
porary and intermediate prosthesis designs. 
Basic dynamic al ignment for temporary or 
intermediate prostheses is performed by 
loosening the al ignment coupling retainer 
bolt and tilting the socket cup and socket to 
the new position. Changes in flexion or ex
tension, adduction or abduction in tilt angles 
of ± 10° and unlimited rotation are possible. 
Exaggerated socket flexion/extension adjust
ments will affect the toe and heel levers. S im
ilarly, adduction or abduction maneuvers 
will affect foot inset or outset. Changes in 



Fig. 5 — The internal toot clamping component functions in the same manner as the 
component on the spherical alignment coupling. There must be a minimum of 5 1/2" 
between the distal socket and the top of the foot to use this system. 

Fig. 6 — Angular adjustment of the socket is made by 
loosening the alignment adjustment skrew. Ten de
grees of rotation are available in the sagittal and 
frontal planes. Unlimited rotation is available. The 
30° set angle to the pylon enhances the effect of the 
angular adjustments. 

these angles are enhanced by the socket at
tachment cup's 30° angle at tachment to the 
al ignment coupling. If radical angle changes 
are performed and unwanted lever arm con
ditions are encountered, the socket can be 
loosened from the socket cup and re
positioned to accommodate the situation. 
When precise al ignment of the prosthesis is 
required, it is suggested that the prosthesis 
be aligned on the V.A.P.C. adjustable pylon 
and the Berkeley pylon be duplicated into 
position during finishing. All adjustments 
are made prior to the final lamination as a 
lamination tie off groove will permanently 
fix the socket attitude when the final lami
nation is performed. 

The following guidelines should be fol
lowed when adjusting the pylon: 

1) Mark initial position of the align
ment coupling by a pencil ring mark 
on single piece al ignment coupling to 
adjust the Berkeley pylon. 

2) Loosen the al ignment bolt if angular 
adjustments are required after walk
ing trials. Make the alignment 
change and tighten the bolt. 

3) Adjustments should be made as 
viewed from the rear. A space of 1/8" 
represents an angular change of 
three degrees (Fig. 6). 

FINAL ASSEMBLY AND 
FINISHING 

The finishing technique for the Berkeley 
pylon involves procedures that are generally 
used in other pylon systems. Certain steps 
are necessary to insure proper results: 

• Scribe an al ignment line on the poste
rior aspect of the socket. This will allow 
the socket to be removed from the cup 
and replaced accurately (Fig. 7A). 



Fig. 7A-Permanent fastening of the socket to the 
attachment cup. Mark the alignment and remove it 
from the socket by breaking the temporary bond 
used for alignment. 

Fig. 7 B - Rough up the socket and the attachment cup 
and epoxy all surfaces. Replace the socket. 

Fig. 8 - All machined surfaces are protected from the 
laminating resin. 

Fig. 9 - Layup for the final lamination. Nylon is stag
gered on the socket and pulled into the tieoff groove 
with wire. 



• Sand the inside proximal edge of the 
cup and the socket for good bonding. 
Apply epoxy bond (Epibond) or suitable 
adhesive resin to the spherical align
ment coupling retainer inside the cup 
and bond the socket to the cup. Replace 
to al ignment lines previously described 
(Fig. 7B). 

• Mark the toe-out position before re
moving the pylon system from the 
socket-coupling assembly. The base of 
the foot coupling should be perma
nent ly attached to the foot with two 
wood screws, as well as the 3/8" bolt pro
vided with the foot. 

• All loose parts are removed from the 
socket-coupling system for final lami
nation. All machined surfaces are 
masked off (Fig. 8). Do not remove the 
alignment coupling retainer bolt for final 
lamination. 

• Pull one layer nylon stockinette over the 
socket-coupling until the leading edge is 
1/2" above the cup socket joint. Pull the 
second nylon stockinette layer over the 
first layer until the leading edge is 1/2" 
below the cup-socket joint (Fig. 9) . 

• Important: Secure the two layers of 
stockinette into the tie off groove 
with three or four wraps of lockwire 
(type 302 temper soft stainless steel, 
0.20" diameter). 

• Reflect the second nylon back and trim 
at 1" below the cup socket joint, then 
reflect the first layer back over the br im 
of the socket and laminate as usual. 

PROSTHETIC FOAM 
COVER 

For a definitive prosthesis a soft foam cover 
will be applied to the pylon and the socket. 
For a smooth transition between the foot and 
the foam cover, the following steps provide a 
simple method to achieve this result: 

• Measure the approximate length of the 
foam cover from the top of the foot to 
the upper boundary on the socket. 

• Wrap the upper boundary of the socket 
with lead wire to determine the shape of 
the entry to carve inside the foam cover. 

• Insert the socket-pylon system into the 
foam cover. Check the socket attach
ment for tightness and attach the foot as 
per previous instruction. 

• Fit the foam cover to the socket and to 
the foot (Fig. 10). Sculpture the foam 
cover as desired beveling it into the foot 
and the socket leaving minimal transi
tion lines. 

• Apply cosmetic hose or suitable cos
metic cover over the sculptured prosthe-

Fig. 10 — Foam cover shaped over the Berkeley pylon. 



sis. In some finishing techniques, resin 
is used to bond the socket br im and cos
metic hose together at the 1/2" br im line. 
T h e location of suspension cup studs are 
coated with resin to prevent stockings 
from running. 
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Modifications of the Switch Control 
for a Powered Hand on an 
Elbow Disarticulation Prosthesis 

John P. Spaeth, M.S., C.P. 

CASE PRESENTATION 
We were presented with a twelve year old 

girl who was a congenital amputee. The pa
tient, although functionally an e lbow dis
articulation, had three digit remnants 
present on the distal residual l imb. These 
digits were not mobile and essentially not 
functional. 

The patient had been attempting to wear a 
conventional prosthesis from approximately 
age eight. She could generate enough cable 
excursion to operate the elbow (i.e. full 
flexion and extension), however, she could 
not operate the conventional terminal de
vice. The patient 's parents found themselves 
forcing the child to wear the prosthesis 
against her will. O f course, the parents could 
not enforce the wearing t ime while the child 
was away from h o m e with, for instance, 
school, play. The patient's parents found 
themselves having to deal with a common 
problem in upper extremity prosthetics— 
prosthesis rejection. 

The physician, when faced with providing 
the patient with her third prosthesis, wanted 
to forego the prescription in hopes of circum
venting another rejection. In interviewing 

the child, he found that she had two reasons 
for rejecting her prosthesis. First, she could 
not operate the terminal device, so that the 
prosthesis became to her a non-functional 
burden, and, second, the appearance of the 
terminal device was not cosmetic. 

Subsequent to the patient interview, the 
physician requested that the child be pro
vided an elbow disarticulation prosthesis 
which utilized a myo-electrically controlled 
hand. 

THE PROSTHETIC 
PRESCRIPTION 

The prosthetic evaluation concluded that 
the patient had no usable myo-electric poten
tial at the level of either her biceps or triceps. 
The deltoid muscle exhibited a usable poten
tial at the level of both the medial and ante
rior fibers. It was decided that the placement 
of electrodes over the deltoid muscle was un
desirable because of the high proximal socket 
tr imline required to mount the electrodes. 

It is conceivable that with proper pre-
prosthetic training the patient could have de
veloped some myo-electric potential in either 
the biceps or triceps muscle. 



T h e patient lived approximately 100 miles 
from the nearest therapeutic training facility 
and transportation was a problem, making 
training impractical. 

Potential volume changes of the residual 
l imb were also considered. A myo-electrically 
controlled prosthesis could not be worn with 
a prosthetic sock. In addition, use of surface 
electrodes necessitates an intimate socket fit. 
With these factors in mind, the prescription 
was changed from a myo-electric control sys
tem to a switch control system. 1 

T h e definitive prescription called for a hy
brid system, utilizing a conventional elbow 
disarticulation socket, Dorrance E-2500 child 
size outside locking hinge, Variety Village 
127-00 pull switch, Variety Village 6V d c -
220 ma power supply, Otto Bock 6 3/4 exter
nally powered hand, with Otto Bock quick 
disconnect wrist. 

BIOMECHANICAL 
CONSIDERATIONS 

Body powered control of an elbow dis
articulation prosthesis is typically achieved 
from shoulder girdle movement harnessed 
so that gleno-humeral flexion and scapular 
abduction creates enough excursion of the 
control cable to flex the forearm. Shoulder 
depression with gleno-humeral extension 
and abduction then controls elbow joint lock. 
W h e n the e lbow is locked, additional pulling 
of the control cable will operate the terminal 
device. 

Because of the nature of these control fac
tors, operation of a pull switch to control the 
powered hand was a problem. All of the 
"normal" harnessing to allow for operation 
of the forearm and elbow joint had to be 
retained, and an additional movement for 
control of the pull switch to operate the hand 
had to be located and harnessed. The only 
other control movements considered to be 
functional were shoulder elevation or chest 
expansion. Even though the excursion 
needed to operate the pull switch was small 
(approximately 12mm), it was determined 
that these two control movements were too 
inaccurate for the fine cable control needed 
to operate the hand with precision. In addi
tion, shoulder elevation and chest expansion 

are cumbersome movements , and conspic
uous, and should be avoided if possible. 

T h e solution seemed to be a connection 
from the terminus of the control cable di
rectly to the pull switch, instead of the termi
nal device (Fig. 1). This allowed for full 
e lbow flexion, however , the force on the 
cable terminus required to flex the forearm 
caused the switch to be activated before the 
forearm was locked into its desired flexed 
position. 

DESIGN AND PULL 
SWITCH MODIFICATIONS 

The pull switch had to be modified so that 
it would provide enough opposition to the 
control cable force to allow for forearm flex
ion and yet, once the elbow was locked, the 
opposition had to be small enough to allow 
activation of the switch. 

The Variety Village 127-00 pull switch 
seemed most suitable for the needed modifi
cations (Fig. 2a). 

The forearm flexion attachment was 
moved distally to lessen the force needed to 
flex the forearm. Flexion of the 11 inch fore
arm with the Otto Bock 6 3/4" hand attached, 
requires 4.7 pounds of pull. Because more 
force would be required to flex the forearm 
while lifting objects, the spring tension of the 
pull switch was increased to 10.5 pounds. 

The Variety Village switch 127-00 has a 
single cam type shaft which moves laterally 
in the switch housing. This shaft protrudes 
on one end of the housing for at tachment to 
the control cable. The cam shaft is spring 
loaded internally so that the shaft retracts to 
the "off" position when not in use. The inter
nal spring was removed and an external 
spring of greater tension was added. To aid 
the external spring, an opening was made in 
the switch housing for the cam shaft op
posite the end which already protrudes (Fig. 
2b). A 4 m m length of 2 m m bar stock was 
brazed to the end of the cam shaft as an 
extension. A spring generating 10 pounds of 
tension was attached to the cam shaft exten
sion and the entire assembly was mounted in 
the forearm cavity. The switch was mounted 
with two machine screws, which threaded 
into the body of the switch. The spring was 



Fig. 1 - A) Control cable terminus; B) Pull switch mounted inside forearm cavity. 

Fig. 2-Disassembled forearm A) Variety Village 12700 pull switch; B) New opening and cam shaft 
extension with spring attached. 



Fig. 3 —Finished prosthesis with battery charger. 

attached distally by means of a nut and bolt 
(Fig. 2c). 

Once assembled, the entire switch assem
bly and power supply fit into the arm cavity. 
The batteries were mounted permanently so 
a jack was provided proximally for the bat
tery charger. The proximal location is used so 
the cosmetic glove does not have to be rolled 
down for charging. 

The finished prosthesis does not require 
any cables distal to the switch control on the 
forearm. (Fig. 3). 

TRAINING AND 
FOLLOW-UP 

The patient had been seen by an oc
cupational therapist one time for therapy. 
The movements for control were essentially 

the same as for her conventional prosthesis. 
It took approximately 40 minutes for the pa
tient to learn the fine control movement 
needed to find the different positions of the 
pull switch. At the close of the therapy ses
sion, the patient could open and close the 
hand with 100% accuracy. We anticipate that 
the speed with which she operates the pros
thesis will improve with practice. 

Approximately 12 months have passed 
since the delivery of this prosthesis. The pa
tient 's earlier signs of prosthetic rejection 
have been remediated. Thus far the initial 
reaction has been a positive one on both the 
part of the patient and the parents. To date 
we have not had any mechanical failure on 
the hand or modified switch. 
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Technical Note: 

Prosthetic Applications of 
Methylmethacrylate Acrylic Plastic 

Scott Hornbeak, C.P.O., B.S. 
Richard J. Boryk, C.P., B.A. 
Timothy B. Staats, M.A.C.P. 

Methylmethacrylate, or acrylic, is a plastic 
material used extensively in dentistry for 
dental plates and repairs of dental work. 
Sterile methylmethacrylate is used as bone 
cement for total hip and knee replacements 
in orthopedics, and has also been used as a 
structural replacement for bone in certain 
cervical spine surgeries. 

The prosthetic and orthotic applications of 
methylmethacrylate have been clinically 
tested for two and a half years in the UCLA 
Prosthetic-Orthotic Laboratory. The unique 
qualities and versatile applications of this 
plastic have shown it to be superior to poly
ester resin mixed with Solka Floc or Micro 
Balloons. Methylmethacrylate is now used 
routinely to attach laminated sockets to 
wooden end seals, to repair and fill socket 
cracks, pits, or rough areas, to replace suction 
socket valve housings, and to bead or build 
up sharp edges or insufficiently rolled socket 
br ims (Fig. 1). The material is particularly 
useful in shaping or recontouring below 
knee and above knee plastic sockets (Fig. 2). 
The t ime necessary to complete socket fills or 
adjustments has been reduced on the average 
from one hour down to twenty minutes 

when compared to typical polyester resin 
techniques. 

Methylmethacrylate is a two component , 
cold cure, acrylic plastic, the type used con
sisting of a fine powder and a liquid mono
mer. This material is available in a fast or 

Fig. 1 — Rolled brim of an above knee socket adds to 
patient comfort (methylmethacrylate unpigmented 
and outlined). 



Fig. 2 - Split below knee socket illustrates a 
fill in the gastrocnemius area (outlined area). 

regular set time. The fast set cures in approx
imately five to ten minutes and the regular 
cures in fifteen to twenty minutes. 

Acrylic laminating resin, which is also in 
the methylmethacrylate family, is a different 
material and cannot be used in the same man
ner as the methylmethacrylate described. 

Methylmethacrylate is mixed to different 
consistencies for different applications. By 
varying the ratio of powder to liquid mono
mer the user may mix a thin liquid or a stiff 
paste. Methylmethacrylate increases in vis
cosity as it cures until it reaches a moldable, 
dough-like consistency which can be shaped 
and smoothed using fingers or a brush with 
a small amount of liquid monomer . 

PRECAUTIONS 
Some cases of contact dermatitis in dentists 

and surgeons from use of methylmethacryl
ate monomer have been reported (1). It is 
advisable to wear gloves whenever working 
with methylmethacrylate. The long term ef
fects of using this material directly against 
skin before it has cured are unknown. If sen
sitivity to the liquid monomer is noticed, fur-

ther use should be discontinued. After methyl
methacrylate has cured, contact with the skin 
is safe. 

METHOD 
The procedures used when working with 

methylmethacrylate are divided into five 
steps: 

• Surface preparations 
• Mixing 
• Molding 
• Smoothing 
• Polishing 

Surface Preparations 

Methylmethacrylate bonds well with pol
yester resin, acrylic resin, epoxy, and wood 
surfaces. Roughen the surface to which 
methylmethacrylate will be applied with 80 
to 120 grit sand paper to achieve good bond
ing. Pr ime the roughened surface with an 
application of a small amount of liquid 
monomer . 

Methylmethacrylate 
Mixing Procedures 

Combine two to three parts methyl
methacrylate powder with one part liquid 
monomer by volume to obtain a workable 
consistency of methylmethacrylate. Add pow
der to liquid when possible. If the mixture is 
too thin, methylmethacrylate monomer can 
be added to thicken it, and conversely if the 
mixture is too thick, liquid monomer will 
thin the mix. One or two drops of standard 
lamination pigment adequately colors meth
ylmethacrylate. The proper consistency for 
most applications is a thick putty-like mix
ture. A thick mixture is advantageous for 
three reasons: first, with a putty-like consis
tency, it is easy to apply and shape complex 
curves and contours; second, the mixture 
will cure quickly when mixed to a thick paste 
allowing rapid shape modification; and 
third, thin mixtures have a tendency to bub
ble and pit during the curing process. 



Fig. 3 - Methylmethacrylate (unpigmented for illustrative purposes) is added to the outside of a 
below knee check socket to provide room to grind over the fibular head. 

Fig. 4 —Methylmethacrylate being shaped to lengthen the posterior shelf of a PTB socket. 



For normal laboratory procedures fill two 
eight ounce cups with approximately three 
quarters of an ounce of liquid monomer in 
each. One cup will be used for mixing the 
methylmethacrylate powder. The second 
cup of monomer will be used as a smoothing 
agent as the plastic begins to cure. 

Molding 
Apply the methylmethacrylate mixture on 

the prepared surface with a tongue depressor 
(Fig. 3). The surface should be wet from the 
application of monomer as a primer. W h e n 
applied, the mixture will be somewhat tacky 
to the touch and not easily molded. T h e 
methylmethacrylate is spread over the 
roughened surface to insure good bonding. 
After thirty seconds to one minute the mate
rial can be molded and shaped by hand with
out plastic sticking to the fingers (Fig. 4). Any 
plastic that does adhere to the skin or gloves 
is easily removed during the curing process. 

Smoothing 

Smoothing of the methylmethacrylate can 
be initiated after the buildup is no longer 
tacky and the general shape has been ob
tained. Monomer liquid is used to feather the 
margins and to even any bumps on the 
methylmethacrylate buildup. By moistening 
the fingers or a small brush in the liquid 
monomer , the buildup can be rubbed or 
brushed to provide a smooth transition on to 
the socket (Fig. 5). The liquid monomer acts 
as a lubricant at this stage of the curing pro
cess. Note: Curing methylmethacrylate gen
erates an exothermic reaction which may be 
slowed down by placing a cool towel or 
water on the hardening plastic, thus further 
avoiding pits and bubbles. With practice, a 
smooth, finished buildup can be completed 
at this stage without the further grinding, 
shaping, or coating common to polyester 
resin techniques. 

Fig. 5-Smoothing the methylmethacrylate 
with liquid monomer. 

Fig. 6 - Methylmethacrylate added to the out
side of a below knee socket allows grinding for 
an anterior-distal tibial relief. 



Polishing 
Should sanding or polishing be necessary, 

ridges and bumps are quickly removed by 
grinding with a 120-220 grit cone on the 
router. Initial grinding is followed by wet or 
dry sanding with 220 grit Durite and final 
polishing is done with 400 to 600 grit wet or 
dry sand paper. A felt cone is used to buff 
any rough edges along the trimlines, socket 
edges or filled rivet holes. 

Approximately five quarts of monomer are 
required to set off twenty five pounds of 
powder. Methylmethacrylate powder is gen
erally sold by the pound. Liquid monomer is 
sold by the quart or gallon. 

SUMMARY 
The advantages of using methylmeth

acrylate over polyester resin techniques are 
that it is moldable as it cures, it does not 
require fillers to create a thick paste, it sands 

quickly to a smooth gloss, and provides al
most immediate compatibility for the socket-
skin interface. Methylmethacrylate bonds 
well to polyester and acrylic laminates and is 
hypoallergenic when cured. Methylmeth
acrylate allows the prosthetist to make 
changes in socket size and shape in about 
twenty minutes as compared to other plastics 
that normally take over sixty minutes before 
the patient can wear the prosthesis. The abil
ity to change shapes rapidly also provides an 
extremely useful diagnostic tool when using 
laminated check sockets (Fig. 6) . Although it 
is more expensive per volume used when 
compared to polyester resin, clinical experi
ence with methylmethacrylate has shown it 
to be technically advantageous in terms of 
application and time saved. 
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New Publications 

A Manual of Orthopaedic Terminology, 2nd. Edition, by Carolyn 
T. Blauvelt and Fred R. T. Nelson; C. V. Mosby Co., St. 
Louis/Toronto/London, 1981. 257 pp., index; $19.95, paperback. 

This book is intended to serve as an intro
duction to the language of orthopaedics for 
anyone, professional or layman, involved in 
treatment of disorders of the neuro-musculo-
skeletal systems. It provides a quick ready 
reference giving brief, concise definitions of 
unfamiliar words and phrases. It is not or
ganized alphabetically, but rather by subject 
area and each chapter begins with a brief 
description of the subject area. The book 
therefore, gives an overview of the field it
self. Some idea of the scope of the book may 
be gained by scanning the chapter titles: 

1. C l a s s i f i c a t i o n o f f r a c t u r e s a n d 
dislocations 

2. Musculoskeletal diseases and related 
terms 

3. X-ray and scanning techniques 
4. O r t h o p a e d i c t e s t s , s i g n s , a n d 

maneuvers 
5. Laboratory evaluations 
6. Casts, splints, dressings, and in-house 

traction 
7. Prosthetics and Orthotics 
8. Anatomy and surgical intervention 
9. The hand 

10. The foot 
11. Physical medicine and rehabilitation: 

Physical and occupational therapy 

12. Musculoskeletal research 

Appendix A. Orthopaedic abbreviations 
B. Human skeleton 
C. Anatomic positions and 

directions 

In encompassing so broad a territory the 
authors have called upon the assistance of a 
long list of consultants and contributors. O f 
particular note is the fact that the chaper on 
prosthetics and orthotics was compiled by 
Wilton H. Bunch, M.D., Ph.D. and Steven 
Kramer, C.P.O. The results are excellent giv
ing a brief and accurate description of the 
two fields and of specific devices. 

Anyone with any depth of knowledge 
about orthopaedics might consider the book 
superficial and redundant. It should how
ever, be evaluated in light of its avowed 
intent, which it fulfills. The purpose is not to 
supplant such traditional references as dic
tionaries and textbooks, but rather to sup
plement them. For clerical or technical 
personnel or for someone reading the litera
ture who encounters an unfamiliar word and 
who wants a quick answer, it should serve a 
useful purpose. 

Charles H. Pritham, C.P.O. 
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Classified Ads 
In order to properly calculate the number of words in (and the cost of) a classified advertisement 
according to the method used by AOPA, the advertiser should do the following. Add up every 
character in the ad, including commas, hyphens , etc. Divide the sum by five (we consider a word 
to consist of five characters) to find the total number of words. Then figure the cost based on 
these rates: MEMBERS—first 30 words $32.00. Each additional word $1.50. N O N - M E M B E R S — 
first 30 words $78.00. Each additional word $4.00. Responses to A O P A Box numbers are for
warded unopened free of charge. Advertisements are to be paid in advance. Checks should be 
made payable to AOPA. Send to AOPA, 717 Pendleton Street, Alexandria, V A 22314. No 
classified ads will be taken by phone. 

Applications are invited for the following pos
ition in an expanding 455 bed acute care re
gional referral hospital. Royal Inland is a major 
medical centre in the interior of B.C. with all 
general specialities well represented. 

Kamloops is a rapidly expanding industrial 
area offering a large variety of winter and sum
mer activities including excellent skiing, golf
ing, boating, fishing, camping, horseback 
riding, flying, drama, concerts and active adult 
education programmes. 

CERTIFIED PROSTHETIST 
This challenging new position will be establish
ing the Prosthetics Department with the 
Certified Orthotist to complete the department 
of Orthotics and Prosthetics. Benefits as per 
H.S.A. Collective Agreement. 

To apply, please forward your resume to: 

Director of Personnel Services 
ROYAL INLAND HOSPITAL 

311 Columbia Street 
Kamloops, B.C., Canada 

V2C 2T1 

Chief, Prosthet ic & Orthot ic Lab—Major 
South Florida teaching hospital has an open
ing for a Chief Prosthetist/Orthotist to man
age a modern, progressive P&O Lab within a 
100-bed Rehab Center. Certification re
quired; Bachelors degree in a health related 
field and experience preferred. Excellent sal
ary and benefits package. Send detailed re
sume to: Bertha Bagaria, Employment Office, 
Park Plaza LL 301 , Jackson Memorial Medical 
Center, 1611 N.W. 12th Ave., Miami, FL 
33136. Equal Opportunity Employer. 

CPO-CO—Excel lent opportunity for a per
son interested in scoliosis and plastics. Pa
tient contact in progressive facility in New 
England. Immediate position-50 miles from 
beach or mountains. Forward resume or 
call Teresa West, N.E. Brace Co., Inc., 1107 
Hooksett Rd., Manchester , N H 03104. Tel 
603-668-8322 . 

Prosthetist / Orthotist—Recent ly expanded 
program offers the opportunity for a C P O to 
provide a full range of fabrication, education 
and research activities in beautiful San Di
ego, California. Excellent salary and benefits 
package available. Please respond with re
sume to: University of California, San Diego 
Medical Center, 225 Dickenson St. H-912, 
San Diego, Calif. 92103. Attn: A. Keene, 
Employment . 

Immediate opening for C P O , C P or Board 
eligible prosthetist in certified facility. Sal
ary, paid vacation, health and life ins., retire
ment plan. Duties will include full range of 
hospital and clinic visits, and fabrication. 
Send resume and salary requirements to 
AOPA, Box 118101,717 Pendleton Street, Al
exandria, V A 22314. 

Immediate position avai lable for a certified 
Orthotist and Prosthetist w h o is an energetic 
and self-motivating individual, to manage a 
new modern facility in the South. Respon
sibility includes patients, doctors, and clinics. 
Relationships and hospital contacts in sev
eral adjacent cities. Salary commensurate 
with experience and education. Send de
tailed resume and salary requirements to 
AOPA, Box 128101, 717 Pendleton street, Al
exandria, V A 22314. 
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CPO, CO and/or Orthotic Technician wanted— 
Immediate opening for experienced person. 
Large modern facility in the land of sunshine. 
Salary commensurate with experience. Start the 
good life now. Send resume or call collect Jules 
Bauer or John Cornell. AMPAC Florida Limb 
and Brace, 2503 Swann Ave., Tampa, FL 33609 
(813) 870-3322. 

Prosthetist—Certification Not Necessary. 
Some orthotic experience preferred. Benefits. 
Immediate position. Send resume of training 
and experience to: American L imb & Ortho
pedic, 806 W. University Ave., Urbana, IL 
61801. 

C.P.O. desires position in a progressive fa
cility. The Midwest is preferred, but I will 
consider all geographical locations. An op
portunity to participate in the ownership in 
the near future is preferred although not ab
solutely necessary. I have owned a facility in 
the past and have 11 years experience in both 
clinical and technical aspects of Orthotics 
and Prosthetics. M y wish to relocate is not 
necessarily an immediate need. If interested 
please write to: A O P A , Box 128104, 717 Pen
dleton St., Alexandria, V A 22314. 

Certified or board eligible C O . or 
C.P.O.—Staff position open in progressive 
O & P facility. Emphasis is on patient man
agement skills and practitioner development 
through association with our professional 
staff. Salary commensurate with experience. 
Liberal benefits. Send resume or call Bill 
Brady, C P . , Isle Orthotic-Prosthetic Services, 
a division of Knit-Rite, Inc., 2010 Grand Ave
nue, P.O. Box 19576, Kansas City, Missouri 
64141. Phone Toll Free (800) 821-3094. 

Certified Prosthetist a n d / o r Certified O r -
thotist or Technician—Excel lent opportun
ity for qualified individual in a growing 
modern New Jersey facility. Pleasant work
ing conditions, fringe benefits, salary neg., all 
inquiries confidential. Reply: Modern L imb 
& Brace Company, 916 Somerset St., Watch-
ung, N.J. 07060. Call (201) 757-2702 . 

C P . , C.P.O. or soon to be Board e l i g i b l e -
Progressive private practice in Hospital seeks 
to train Director for prosthetics. Opportunity 
to participate in advanced orthotics as well. 
Salary and benefits commensurate with ex
perience and ability. Apply in confidence: 
Universal Orthopedic Lab., 2160 S. First Ave
nue, Bldg. 54, Maywood, IL 60153. Stephen 
Kramer—312-277-0505 or 312-246-4657 
after 7:00. 

Facul ty Posit ion, Certif ied Orthot is t— 
Responsibilities will include various formal 
and informal teaching activities with resi
dents, medical and allied health students; 
participation in rehabilitation team activities; 
functioning as orthotic consultant to various 
specialty clinics; design and fabrication of 
orthotic appliances; involvement in collabo
rative research activities with faculty physi
cians, etc. Opportunities for independent 
research activities exist. Potential devel
opment of orthotic training program. Salary 
commensurate with experience and educa
tion. Unusually attractive fringe benefits. Ex
cellent opportunity for professional growth 
and development. Send resume and refer
ences to: Arthur E. Grant, M.D., Chairman, 
Department of Physical Medicine and Reha
bilitation, The University of Texas Health 
Science Center at San Antonio, 7703 Floyd 
Curl Drive, San Antonio, Texas 78284. The 
University of Texas Health Science Center at 
San Antonio is an Equal Opportuni ty/ 
Affirmative Action Employer. 

Certified Prosthet i s t /Orthot i s t , Phi ladel 
phia—Our progressive rehabilitation hospi
tal is seeking an experienced individual. Pos
ition requires direct patient contact and 
offers an excellent opportunity to grow. Sal
ary and benefits are excellent. Qualified ap
plicants should forward a resume to Mr. 
Thorn Rossi, Personnel Director, Moss Reha
bilitation Hospital, 12th & Tabor Rd., Phila
delphia, PA 19141. E.O.E. 

Certified Orthotist-Prosthetist—Posi t ion 
available for person preferably certified in 
both fields to provide direction to seven staff 
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members . Excellent salary and benefits. Send 
resume of call Administrator, Shriners Hos
pital for Crippled Children, 516 Carew St., 
Springfield, MA. 01104, (413) 781-6750 . 

Prosthetist—Reliable person to manage 
prosthetic department of established central 
fab service. Certification not necessary, but 
desirable. Must have excellent fabricating 

techniques. Benefits, comprehensive health 
plan. Reply to: A O P A Box 128105, 717 Pen
dleton Street, Alexandria, V A 22314. 

Prosthetist—Certification not necessary. 
Benefits. Immediate position. Write or call 
219 -456-5998 . Fort Wayne Artificial L imb 
Co., 4124-28 South Clinton St., Ft. Wayne , In. 
46806. 



AOPA Presents. 

Making Your Business More Profitable — 

LEARN how to increase your return from Medicare, Medicaid and the V A . . . 
LEARN how to protect yourself from new federal regulations . . . 

LEARN how to develop new business opportunities . . . 
LEARN how to use AOPA for your profit... 

O W N E R S A N D M A N A G E R S will learn new profit opportunities from marketing DME and 
home health care products, and how to protect your facility from the threat of state-wide 
competitive bidding under Medicaid. 

A C C O U N T I N G A N D B ILL ING P E R S O N N E L will learn how to maximize your profits under 
Medicare, Medicaid and the VA. 

E V E R Y O N E will learn to take advantage of AOPA membership to cut costs, maximize profits 
and avoid the pitfalls of federal law and regulations. 



W H E N A N D W H E R E 
F e b r u a r y 26 M a r c h 2 4 

La Guardia Marriott Holiday Inn North 
New York City Dallas, Texas 

M a r c h 19 A p r i l 2 M a r c h 26 
Airport Hilton Sheraton O'Hare Pacifica Hotel 

Atlanta, Georgia Chicago, Illinois Los Angeles, California 

Each hotel is near the Airport 

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

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

COST: Very low so that owners, managers, accountants and billing personnel can ALL 
attend. 
A O P A M e m b e r : First person from member firm $125.00 

Each additional person from member firm $ 75.00 
N o n - A O P A 
M e m b e r : Per person $200.00 

D I S C O U N T : Reservations received at the National Office S E V E N DAYS in advance will 
receive a $15 .00 D I S C O U N T PER P E R S O N . 

•
New York i — i 
February 26 1 

Atlanta 
March 19 •

Dallas 
March 24 

Firm Name. 

Address: _ 

•
Los Angeles i — . Chicago 
March 26 LJ April 2 

Persons Attending: 1. 

2. 

3. 

4. 

5. 

N a m e A d d r e s s 

N a m e A d d r e s s 

N a m e A d d r e s i 

A d d r e s s 

N a m e A d d r e s s 

Send coupon and check to AOPA, 717 Pendleton Street, Alexandria, VA 22314, 

R E G I S T E R N O W ! 





^ 0 C0«*,^ 

Left GP, Right FD, Left CPO 

qooD p r o d u c t s 

FAST DELIVERY 

CERTIFIED PROSTHETIST / ORTHOTIST 

For GP & FD, call . . .^SsuPPLYCO. 
" 4 6 6 6 M a n u f a c t u r i n g R d . 

^ I^^^P^ C l e v e l a n d . O h i o 4 4 1 3 5 
P h o n e : a . c . 2 1 6 - 2 6 7 - 5 7 7 5 
8 0 0 . 3 2 1 - 1 2 6 4 
Orthotic & Prosthet ic P a r t s &, Supplies 
P a u l E L e i m k u e h l e r , C P p r e s i d e n t 

N E W S L E T T E R . . • Prosthetics and Orthotics Clinic 
A quarterly publication providing the means for interdisciplinary discussion among physicians, 
therapists, and practitioners. Its eight pages contain important articles, spirited dialogue, and a 
sense of shared discovery, making it a valuable publication. 

Enclosed is my check for $10.00 for a 1-year subscription to the Prosthetics and Orthotics Clinics 
Newsletter. (Foreign Subscription Price is $11.00) 

Mai l to: 
AAOP 
717 Pendleton Street 
Alexandria, VA 22314 

N a m e _ 
Address 
City State Z ip 



DISTRIBUTED BY: 

CASH Manufacturing 
2303 E. Washington 
Bloomington, Illinois 61701 
Phone (309) 829-0673 

C. A. S. H. — Cruciform Anterior 
Spinal Hyperextension. A light
weight, cosmetically superior, 

anterior hyperextension 
orthosis that is easy to 

fit, easy to put on, easy 
to take off, packed 

in a white box complete 
with all necessary 

tools, fitting instruc
tions, and patient 

t ^ wearing and care 
^ ^ ^ ^ k information! All for: 
^ ^ ^ V $59.00 ($54.28 

^ ^ H ^ m with 8% discount). 

M For more information 
m contact: 

CASH Manufacturing 
2303 E. Washington St. 
Bloomington, IL61701 

(309)829-0673, 

Attention Distributors! 
We are looking for distributors 

foreign and domestic! 



A New Training Manual 
For The Therapist—Orthotist—Fed. 

And The Orthopedic Shoe Tech. 

Over 600 Step by Step illustra
tions in modern techniques in 
footwear modifications, cast
ing, last making. Custom 
Shoe making and the con
struction of Footwear or
thotics. 

About the Author: Clyde A. 
Edwards is a certified or
thotist and a certified pedor-
thist with over 33 years in the 
orthopedic footwear field. A 
past president of the Prescrip
tion Footwear Association, he 
holds several patents and has 
designed many footwear pro
ducts. 

He has authored many publi
cations and has lectured through
out the United States and Cana
da. He is respected as a profes
sional in the prescription foot
wear field. 

A 
Clyde A. Edwards C O . , Ped. 
Ed. Director of Footwear 
Programs B.S.U. 

VISA OH MASTER CHARGE NUMBER EXPIR. DATE Mail Check or Money Order 
For $60.00 Plus Shipping & Handling $2.50 to: 

NAME (PLEASE PRINT) 

N A T I O N A L REGISTRY 
A D D R E S S FOR ORTHOPEDIC SHOE T E C H . 

P.O. Box 870 
c m m Muncie, Indiana 47305 

SIGNATURE 

An Addition 
to Your Rehabilitation Library.. 

The "step-by-step" evaluation, 
orthotic selection and training 

is graphically and photograph
ically illustrated. Physicians, 

orthotists and therapists use this 
manual to write prescriptions as 

well as follow the training 
programs. 

The volume details the current 
theory and practice including 

chapters on: 
—Orthotics for Quadriplegics 

—Selection, Fitting and Training 
with Orthoses 

—Mobile Arm Supports 
—Functional Management 

—Rehabilitation Engineering 

MANUAL ON 
MANAGEMENT 
OF THE 
QUADRIPLEGIC 
UPPER EXTREMITY 
Using available modular splint 
and arm support sys tems 

Maude H Ma ît 

This publication is the third in a 
series of splinting manuals. The 
two others, written by Maude H. 
Malick, OTR, are now "standards" 
in the orthotic or rehabilitation 
library. They are "Manual on 
Static Hand Splinting" and "The 
Manual on Dynamic Hand Splint
ing with Thermoplastic Materials." 

Order your copies of the splint
ing manuals now 
" M a n u a l o n M a n a g e m e n t o f t h e 
Q u a d r i p l e g i c U p p e r E x t r e m i t y " 
—$17 
M a n u a l o n S t a t i c H a n d S p l i n t i n g " 
- $ 8 
" M a n u a l o n D y n a m i c H a n d S p l i n t 
i n g w i t h T h e r m o p l a s t i c M a t e r i a l s " 
—$13 

H A R M A R V I L L E R E H A B I L I T A T I O N C E N T E R 
P.O. BOX 11460 • GUYS RUN ROAD • PITTSBURGH, PA 15238 



introducing VELFOAM 2 . 
The gentle fastener. 
Soft, breathable VELFOAM # 2 is the gentle answer to tender closure problems. 
Now in convenient dispenser pack. 
VELFOAM #2, double faced with soft VELCRO® brand loop fabric over breathable foam center, 
is completely reversible, attaches quickly and easily with VELCRO hook material. Use as a closure 
where firm but gentle restraint of sensitive body parts is important. Stretchable and easy to handle, 
VELFOAM #2 is easily cut and shaped with scissors. Hypoallergenic, washable and autoclavable, 
VELFOAM #2 stays soft and reusable. Use as breathable padding on splints, braces, and other 
hard appliances; secure under and around webbing to protect tender, sensitive skin from abrasion 
and chafing; use to attach sensors and stimulators to body areas. VELFOAM #2 can be used 
by itself as a self-wrapping strap or body support, secured with VELCRO hook material. 
Removes easily, reattaches quickly, can be used over and over. Available in convenient 5 yard 
dispenser packs, 2" and 6" widths, beige color. 
Contact your supplier today. 
IMPORTANT TO REMEMBER: All hook and loop fasteners look much alike. But they don't function 
that way. For dependability's sake, demand the best—VELCRO brand. You can't afford less. 



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

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

L o w e r E x t r e m i t y 
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5 
FOOT ORTHOSES 

ANKLE FOOT ORTHOSES 

KNEE ANKLE FOOT ORTHOSES 

KNEE ORTHOSES 

U p p e r E x t r e m i t y 

WRIST HAND ORTHOSES 

S p i n a l O r t h o s e s 

9 * * 

THORASIC LUMBOSACRAL ORTHOSES 

CERVICAL THORASIC LUMBOSCRAL 

CALL FOR COMPLETE CATALOG ON PROSTHETIC & ORTHOTIC CENTRAL FABRICATION 

C ^ o ^ ^ j Q PROSTHETIC SUPPLY 
ATLANTA - DALLAS 

I - 8 0 0 - 2 4 1 - ! 8 9 2 



H a v e y o u a n y i d e a 
h o w m u c h A m e r i c a ' s 
c o l l e g e s m e a n t o y o u ? 

It was college-based research and college-trained 
minds that gave us electronic computers, television, space
craft That conquered polio, smallpox, diphtheria That 
developed new strains of rice and wheat to help feed the 
world's hungry. 

And it will be today's college-trained minds that 
will solve tomorrow's problems: Energy. Transportation. 

Health City planning. International relations. 
But only if you help. America's colleges are in deep 

financial trouble 
They cannot train minds for tomorrow unless you 

make it possible now. 
So give them a hand. The help you give today will 

make tomorrow's world a better one. 

Make America smarter. 
Give to the college of your choice. 

OF 
j | i Council for Financial Aid to Education, Inc ARi 680 Fifth Avenue, New York, N.Y. 10019 
Fp\S| A Public Service ofThis Magazine 
CSincil & The Advertising Council. 

66 



Introducing the 
Prosthesis Kit. 

T 
It's a comple te kit 

for fabr icat ing a 
l ightweight, water 
resistant, posit ive 
mo lded prosthesis 
wh i ch may be used by 
your patient for' 

• S h o w e r i n g 
• Swimming 
• Sailing 
• Fishing 
• W a t e r spor t act ivit ies 
• Hot T u b / S p a a n d o t h e r health c lub activities 
• G a r d e n i n g a n d o t h e r h o u s e h o l d activit ies 
• A lmos t any activity that m a y wet, d a m p e n o r 

soil a pros thes i s 
The AquaLite™ Prosthesis Kit may also be used to fabr i 

cate an ultra light geriatr ic prosthesis, an intermediate or 
transfer prosthesis, a walk ing aid or as an immediate post 
operat ive prosthesis 

Most everyth ing 
you' l l need to 
fabr icate the AquaLite™ 
prosthesis is inc luded 
with the kit. The kit 
cons is ts of: 3M 
Sco tchcas t™ Cast ing 
Tape (4 rolls for A / K , 
3 rolls for B / K ) , B / K 
or A / K Pylon, Cast ing 
Bal loons (2), 
Suspens ion Strap 

( A / K or B / K ) , Nyloplex Rivets, Distal Cap /Foo t , Latex 
Gloves (1 pair), PVC Cement , hand c ream, and comp le te 
fabr icat ing procedure instruct ions 

3M Sco tchcas t™ Cast ing Tape has proven to be an 
excel lent material for A q u a L i l e ' " prosthesis fabr icat ion It's 
durable, easy to mold and, most important ly, water resistant. 
It a lso al lows breathing to take p lace so the f in ished 
prosthesis is cooler and will dry faster. 

United States Manufacturing Company 
180 North San Gabriel Blvd , P O Box 5030, 

Pasadena, California 91107 USA (213) 796-0477 
Cable: LIMBRACE TWX No; 910-588-1973 

Patent Pending 

6 7 
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IT'S HERE! 
ITS 100% WOOL, CAN BE MACHINE 

WASHED & DRIED, AND IT GETS 

SOFTER AFTER EACH WASHING. 

| l O o o o | A | 6 \ I T ' S T H E NEW' 

IT ALMOST LOVES TO 
BE WASHED' 

KNIT-RITE 
nap 

U f l 

P R O S T H E T I C S O C K 
B Y K N I T - R I T E 

• MACHINE WASH WITH THE FAMILY 
WHITE WASH—NO BLEACH 

• TUMBLE DRY IN THE 
AUTOMATIC DRYER 

• 100% WOOL—NOT A BLEND 
• NOMINAL SHRINKAGE 
• MORE ABSORBENT THAN 

BLENDED SOCKS 
• GETS SOFTER AFTER EACH WASH 

Call Toll Free: 
1-800-821-3094 

K N I T - R I T E , I N C 
2020 GRAND, BOX 208 
KANSAS CITY, MO. 64141 
PHONE (816) 221-0206 

'An Exciting New Company Over 58 Years Old' 



American Orthotic and Prosthetic Association 
717 Pendleton Street 

Alexandria, VA 22314 


