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T R U - E Z E 
QUALITY AND DEPENDABILITY 

AT COMPETITIVE PRICES 

OD-4 
TRACTION "LOW-BUDGET1 

SETS 
TRU-EZE (over-door) Traction 
Support with Spreader Bar, 
"Diskard" Head Halter and 
Weight Bag. 
See HH-53 Head Halter Page 
22 in TRU-EZE Catalog. 

PRICE *5.75 
Write for Quantity Discounts. 

OD-3 
"ECONOMY" TRACTION SETS 
TRU-EZE (over-door) Traction 
Support with Spreader Bar, 
"Economy" Head Halter 
(med.) and Weight Bag. 
See HH-52 Head Halter Page 
22 in TRU-EZE Catalog. 

LIST 
PRICE 

$7.00 
Write for Quantity Discounts. 

0D-5a 
DELUXE SETS 
(NYLON PULLEYS) 
TRU-EZE (over-door) Traction 
Support with 12" Spreader-
Bar, "TRU-TRAC" Deluxe 
Head Halter HH-51 (S-M-L) 
and Weight Bag. See HH-51 
Head Halter Page 22 in TRU-
EZE Catalog. 

LIST 
PRICE 

Write for Quantity Discounts. 

$1I.25 
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makes it 
child's play 

The new Sabel line of 
night splints features 

a clamp type with a 
protractor for settings to 

the exact degree. 
Especially helpful for 

mothers resetting, after 
removing the bar for 

diaper changing. Clamps 
to any sole thickness. 

Longer threaded bolts 
eliminate thread stripping. 

Plus, a rivet-on or reusable 
plate that's neither left, 

nor right, easier and 
quicker to attach, also 

featuring the embossed 
protractor for exact settings. 

So, brace up! 
With Sabel's of course. 

SABEL'S 

E. J . Sabel C o , Benson—East 
Box 644 J e n k i n t o w n , Pa. 19046 

BOTTOM 
VIEW 

TOP 
VIEW 
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lift 1 
SUTTON S A N D E R SPEEDS 
CUTTING TIME BY 4 0 7 b ! 

BELTS LAST FOR MONTHS 
Designed especially for the limb and brace profession. 
Compact, fast-cutting sander uses 60-inch belts with 
12 second change feature. Powerful exhaust collects dust 
in a drawer. Quick change fitting accommodates flap 
emery wheel, naumkeag sander, or metal cone shaped 
cutter. Oiled for life. Only 51" high, 19" wide, 27" 
deep. In daily use by orthotists all over America. 
Send coupon today! 

Button^ "i**6**"** 6* 
8053 Litisinger Rd.. St. Louis, Me. 63144 Mission 7-0050_ 

Offices in Principal Cities 

Please send complete information on Sutton's SJ 2-0. 

N a m e . — . _ —.. ^ 
Firm _ 
Address— - • • • _^.__*^ T T , 

City _ ._ _ _ State Zip. 

AT LAST! 
AN ADJUSTABLE 

DISPOSABLE 
HEAD HALTER! 
• Maximum flexion angle guaranteed. 
• Exclusive 5 position adjustment. 
• One Universal size—fits all heads. 
• Priced in the disposable field. 

DISKA 
WRITE FOR SPECIFIC INFORMATION TO: 

T R I J ^ E Z E m a n u f a c t u r i n g c o „ inc . 

P. O. B O X 8S5 • B U R B A N K , C A L I F O R N I A 
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NO LEATHER LIKE JONES LEATHER 
For Appliances and Artificial Limbs 

Specially Tanned So Co/or Will Not 
Fade Off and Soil Under Garments 

Buckles, Rivets, Plastics, Webbings 
and other items 

WRITE FOR SAMPLE CARDS AND PRICES 

THE JOSEPH JONES COMPANY 
225 LAFAYETTE STREET NEW YORK, N. Y. 10012 

MADE TO ORDER 

Special Orthopedic Shoes 
ANY TYPE —ANY STYLE 

Send us the negative casts, we make the Shoes 
to your or your Doctor's specifications. 

WE SPECIALIZE IN EXTREME CASES. 

For information and price list, also free measuring 
charts, write to: 

R O B E R T O . P O R Z E L T 
3457 LINCOLN AVENUE • CHICAGO 13, ILLINOIS 

Telephone: BI 8-0343 

orthotics and prosthetics 





no hooks 
no snaps 

no buckles 
no straps 

N o w , an or thoped ic suppor t men's and w o m e n ' s D o r s o -
that's as simple to put on and Lumbarand Sacro-Lumbar mod-
take off as it can be. Thanks to els with steel brace stays. These 
the easy adjustment Ve lc ro™ all-elastic supports are cut over 
front. Th is makes it a natural for tried and proven Freeman pat-
o lder pa t ien ts . Ava i l ab le in terns. Write for full information. 

Freeman 
FREEMAN M A N U F A C T U R I N G C O . 

Box J, Sturgis, Michigan 49091 

introducing an 
exclusive, new perfectly 

contoured all-elastic 
support from Freeman 

that's easy on . . . easy off! 
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check the kind of appliance you want 

*962 
962 Chair-back brace, with full corset front, has no 
equal for low-back disorders. The brace's metal 
tramework ot tour up-i igbts and two horizontal bands 
has tremendous fixation potential. 

*1172-*1174-HS 7 

"1169-hs y 
1169-HS Girdle-length sacro-lumbar suppon consists 
of a high, solid back, well-boned and equipped with 
removable, semi-rigid stays in cloth casings. Three sets 
of pull-straps on each side deliver pressure to this 
sturdy back. It is made of cool dacron mesh. 

*1107-HS 
1107-HS Groin-length sacro-lumbar support, with a 
deep back and with three pull-straps on each side to 
control more precisely the constricting pressure it 
delivers to the lower spine, achieves quite rigid back 
support over the entire area covered. 

#1135 
1135 Sacro-iliac belt, equipped with a removable oval-
shaped back pad housed in a moisture-proof pocket, 
contains also a laced back joined to a single set of 
pull-straps so placed as to provide excellent abdom
inal up-lift. 

E 

s i 
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for varying spinal support 
Depending upon the immobilization required, Truform has 
a support or brace that you would like. 

957 Knight Taylor Brace is recommended lor scol io
sis, lordosis, and osteoporosis, and after a high spinal 
fusion. It is second to none in immobilizing the entire 
dorsal and lumbar spine. 

M17-418-HS 
4 i 7 - 4 1 8 - H S Oorso-lumbar support includes a full 
length back counting 2 or 4 length steels. It causes 
remarkably effective sacro i l iac and lumbo-sacral 
support by two pull straps controlling traction in 
this area. 

'420-HS 

^ ^ ^ ^ ^ ^ 

420-HS Sacro-lumbar support is an after spinal corset 
which is commonly called a hoke baft. T h e six alter
nating hook buckled straps at the front opening help 
to provide stabilizing support well up into the thoracic 
region. Four semi-rigid steels that are removable and 
encased in cloth pockets provide fixation to the lum
bar region. 

1 lumbar 

*430-EHS 
430-EHS Lumbo-sacral support incorporates trac
tion and two semi-rigid steels. The traction is con
trolled by three pull-straps. Maximum rigidity at 
the back is secured by semi-rigid steels. 

"438-E 
438-E Sacro-i l iac belt controls traction through a 
one pull-strap. Strictly for sacro-i l iac conditions, it 
is equipped with a removable oval pad contained 
in a plastic-lined pocket. 

THLFDHM 
Write: Truform Anatomical Supports, sold only by Ethical Appliance Dealers. 

Truform Anatomical Supports 
3960 Rosslyn Drive • Cincinnati, Ohio 45209 • New York • San Francisco • Texarkana 
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PARTS FOR RUBBER ANKLE ASSEMBLY 

ftubbar ankle block 1211 
Right or l o f t 

a i t o i 6-7 0-9 10-11 12-1} 

cable Nuta jfZlAo 

Lea the r e a s h e r s 

P l e a t l c ahank beaa #JU7A 
Right or Loft 

S i t a e 6-7 
a-n 10-11 12-13 

Ankle cable a 

6"-Rubb«r aoTerod #2LA*C 

Rubbor r o o t top #3l6c 
Right or Loft 

alios 6-7 8-9 10-11 12-13 
r l o o t l o f o o t t m o r t #317B 

flight or Loft 
S U M 

10- il 12-13 loud foot 4329 
Rl ih t or l o r t and a l i a 

Torpedo h e e l nut I2V+CA 
T r e a t eabla nut r2!|4d 

Cxctfftnf for GerioMci" 

Symel From* £270A with 
ankle joint, shaped to cast 

and measurements. 

The new A.K. Friction Unit 
shown above Is a product of 
the U. S. Manufacturing Co. 
The unit is based on research 
at Northwestern U n i v e r s i t y 
Prosthetic Research Center by 
Colin McLaurin and the Cen
ter's staff. 

The Friction Unit provides for 
three stages In bath flexion 
and extension. One adjustment 
easily accessible to the am
putee provides for the selection 
of the overall level of friction. 

This simple mechanical unit 
is installed in a specially de
signed single axis wood knee-
shin set-up in standard sizes 
ready for use by prosthetics. 

We are distributors for the 
above unit, the Hydra-Knee, 
Hydra-Cadence and all Items 
m a n u f a c t u r e d by the U. S. 
Manufacturing Co. 

Dlstribotors for V. S. Manufacturing Co. 

T r a u f m a n T e r m i n a l D e v i c e s 

No. 114 Standard Locktite-length 4'/," 
4 U 4 S length 4 ' / , » - £ U 4 l length 5V,*. 
Voluntary opening, automatic closing. 
Grips firmly, locks when closed, form
ing ring for holding pitchfork, shovel 
and various tools. Connection fits ball 
terminal on cable. 

B R A C E J O I N T S 
F R E N C H L O C K 

D R O P - L O C K 
FREE 

ALUMINUM STEEL 

Minneapolis Artificial Limb Co. 
Wholesale Division 

410 Portland Ave., Minneapolis, Minn. 55415 TRAUTMAN Supplies 
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D E M A N D T H E F I N E S T 
F O R Y O U R 
CUSTOMERS 

KENDRICK'S 
sacro-lumbar 
supports of 
dacron mesh No. 8458-S Kendrick Sacro-lumbar Sup

porter with Dacron Mesh. Available in 
sizes 32 to 44 (hip measure). 

PRESCRIBED BY PHYSICIANS . . . SOLD WITH CONFIDENCE 
For your customers, there should be no substitute for the finest. Kendrick's 

Sacro-lumbar Supports of Dacron, an amazing synthetic fabric, provide the 
most reliable and comfortable support possible. The porous weave of Dacron 
is ideal for summer wear — lets the skin breathe — or all-the-year around. 

Kendrick's Dacron Sacro-lumbar Supports are lighter and far more com
fortable — their durable, porous construction gives safe, long-lasting support to 
the wearer. Lumbar stays are removable so the supports are easy to wash, quick 
to dry. Styles for male or female. 

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

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

Kendrick 
S I N C E 1 8 S 3 
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Spinal appliances are our only 
product. They're sold only through 

ethical dispensing orthotists. So 
we try to make each of our collars and 

braces the best of its kind - like 
our new Two-Post Cervical Brace -

for maximum acceptance by your 
doctors and patients. And we 

back them up with service to you. 
Service like 24-hour delivery of 

prescription braces anywhere 
in the country. Plus a price 

* • structure that can make 
our service your most 

profitable way to fill spinal 
appliance prescriptions. 
For more information, 

write P. 0 . Box 1299, 
Winter Park, Florida 32789. 

Florida Brace Corporation 
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The "Interface" in the 
Immediate Postsurgical Prosthesis a 

Joseph H. Zettl, C.P., Director 
Ernest M. Burgess, M.D., Principal Investigator 
Robert L. Romano, M.D., Associate Investigator 

Prosthetics Research Study 
Eklind Hall, Room 409 
1102 Columbia Street 

Seattle, Washington 98104 

The Prosthetics Research Study 
initiated investigation of the im
mediate postsurgical prosthesis by 
using as the primary rigid dress
ing, a hard conventional plaster 
socket without compressible inter
face. Our first 16 below-knee am
putations in 1964 were treated with 
only a nonadherent silk dressing 
and sterile five-ply wool stump 
stock covering the wound. The ini
tial plaster socket was then applied 
in PTB configuration leaving the 
knee free to move. Formation of 
edema, partial wound separation, 
abrasions, and distal anterior stump 
irritation in several cases made it 
evident that tissue support was in
adequate with the plaster socket 
alone. Mobilization of the knee 
joint proved to be detrimental since 
it adversely affected cast socket 
suspension no matter how carefully 
the cast socket was applied. As a 
result of this early experience, we 

modified the technique to provide 
controlled pressure on the soft tis
sues of the stump using a compres
sible interface between the rigid 
plaster-of-paris dressing and the 
stump. Appropriate pressure proved 
beneficial to wound healing and 
promoted early stump maturation. 
During the past 4 years we have 
investigated in depth the effects of 
pressure on stump tissues. Basic 
research and correlated clinical 
studies have provided significant 
data highly relevant to the wound 
healing process. 

In essence an effective pressure 
interface agent combined with the 
rigid dressing immobilizes and sup
ports the fresh operative wound, 
markedly limiting the development 
of postoperative edema, improving 
circulation, minimizing inflamma
tion response, and promoting wound 

a Based on work performed under V A 
Contract V 5 2 6 1 P - 4 3 8 



healing. Equally beneficial and ad
vantageous are upright activities of 
the patient including controlled 
weight bearing through standing 
and walking early in the post-oper
ative period. Detailed examination 
of these so-called "appropriate pres
sures" presents a number of im
portant questions. How critical are 
these pressures? What are the de
sirable gradients? What variations 
can be tolerated to insure optimum 
healing, yet avoid tissue necrosis? 
What are the magnitudes of rela
tively constant or intermittent pres
sures and which is preferable? What 
are the volumetric stump changes 
in the immediate postsurgical pe
riod? What are the time require
ments to achieve complete wound 
healing and stump maturation? The 
impressive clinical results obtained 
in our experience numbering well 
over 300 amputations provide some 
insight and conclusions which never
theless require additional substan
tiating followup in the form of 
basic research studies. This investi
gation is continuing in our labora
tory and by others. A preliminary 
report of such in-depth study of 
basic physiological questions de
rived through instrumentation was 
reported elsewhere and has pro
vided some answers to the posed 
questions. In general our observa
tions support the clinical require
ments for an effective pressure in
terface agent between the amputa
tion stump and immediate post
surgical rigid dressing. 

OBJECTIVES 
To achieve this desirable envi

ronmental factor, the ideal inter
face material should be compressi-

ble and maintain its elasticity over 
a predictable period of time. It 
should be capable of compensating 
for and adapting readily to volu
metric stump changes if and when 
these occur. It should be control
lable and adjustable manually 
through inflation or by other means 
to maintain the optimum pressure 
gradients in the postoperative pe
riod once these pressures are known 
and have been achieved. It should 
also be porous or ventilated to per
mit outflow of fluids and perspira
tion and have permeability for air 
circulation. Finally, it should be 
nonirritating to the skin and able 
to be sterilized. 

Several materials or combina
tions of materials meeting the de
scribed requirements to varying ex
tents were studied and clinically 
tested. They consisted of the fol
lowing sterilized items (Fig. 1 ) : 

1. Inflatable rubber balloon or 
bladder. 

2. Well-fluffed surgical gauze. 
3. Lamb's wool. 
4. Stryker gel pads. 
5. Machinist's cotton waste. 
6. Foam rubber. 
7. Steel and brass wool. 
8. Perforated Silastic foam pads. 
9. Reticulated polyurethane dis

tal pads. 

Figure 1 



METHODS 
Most of these materials were rea

sonably effective when properly ap
plied. However, the various tech
niques of application required con
siderable judgment to estimate the 
proper quantity for any given case. 
Need for considerable skill in pre
cise application technique of the 
surgical dressing and initial plaster 
wrap added another variable. Only 
three of the materials, Nos. 4, 8, 
and 9 were preformed and molded 
to stump contour thus assuring con
tinuous uniformity of the pads and 
simplicity in their application. 

APPLICATION TECHNIQUES 
Interface materials 2, 3, 5, and 

6 were applied directly to the distal 
stump end over the nonadherent 
silk dressing and were held in place 
with the Orion Lycra stump sock. 
Materials 4, 6, 7, and 8 were ap
plied to the outside of the Orion 
Lycra stump sock and retained in 
position with a thin one-ply cast 
sock. In addition, materials 4, 6, 7, 
and 9 were retained over the out
side of the Orion Lycra stump sock 
solely by the application of the 
elastic plaster wrap. 

For evaluation purposes, mater
ials 4, 6, and 7 were applied both 
with and without the thin cast sock 
to study the effect of an additional 
variable which proved negligible. 
One material, "Dri-Site" (Johnson 
and Johnson) was included in category number 6 (foam rubber) but 
only used directly over the nonad
herent silk dressing over the wound. 

RESULTS 
Early consideration and attempts 

to introduce an adjustable inflatable 
balloon or bladder between the 

stump and the cast socket were 
abandoned since nonabsorbability 
of fluids presented serious problems 
in the form of unhealthy skin mac
eration, the result of insufficient 
porosity and poor air ventilation. 
Theoretical advantages of closed 
fluid or gas pressure systems are 
great. We intend to exploit this 
source of pressure management in 
future studies. 

Fluffed gauze and machinist's 
waste provide some initial compres
sive quality which, however, is lost 
quickly when absorbed fluids dry 
into a hard, crusty, nonelastic mass. 

Lamb's wool does not absorb or 
retain fluids due to its lanolin con
tent. It allows secretions to pass 
through freely and to be absorbed 
by the rigid plaster dressing itself 
which acts similar to a sponge 
effect resulting in a relatively dry 
wound. However, the effective com
pression factors of lamb's wool are 
very low initially and we suspect 
shortly thereafter will become non
existent. 

Stryker gel pads lack the very 
basic requirement of porosity and 
being nonabsorbent permit skin 
maceration by restricting the out
flow of fluids and causing the for
mation of additional moisture 
through perspiration. The elasticity 
of this material, however, is con
sidered within an acceptable range. 
Stryker gel pads compared with 
other materials are expensive. 

Foam rubber of various densities 
and porosities including related ma
terials tends to create a relatively 
warm or hot environment, stimulat
ing the formation of perspiration. 
Another basic inherent character
istic of foam rubber is the absorb-



ing and retaining of secretions 
which, of course, is not desirable. 
Perforations or vent holes provided 
are usually occluded when the ini
tial plaster wrap is applied under 
necessary tension. Elasticity in 
various forms of foam rubber is 
excellent. "Dri-Site" (Johnson & 
Johnson), a wound dressing which 
behaves as its name implies, neither 
provides the required body uni
formity nor sufficient compression. 

The major difficulty experienced 
with steel and brass wool was in 
the form of occasional temporary 
wound and skin irritation as a re
sult of suspected splinters which 
penetrated the Orion Lycra stump 
sock during weight-bearing activi
ties. Again a lack of uniformity 
also required skillful application 
into the rigid dressing. Elasticity 
was regulated by selection of ma
terial density. 

The preformed foam pads con
sisting of a combination of Silastic 
386 Foam Elastomer and Silastic 
388 Denture Release were molded 
in four different sizes. The resulting 
end pads were uniform and simple 
to apply. Density was controllable 
by the mixture ratio of Silastic and 
resulted in excellent compression 
over the distal stump end. Never
theless the inherent characteristics 
of the material, including occlusion 
of vent holes during application un
der tension, resulted in heat and 
accompanying perspiration. Also, 
manufacture of these pads was con
sidered expensive and time con
suming. The experience gained with 
this particular approach, however, 
set the stage for evaluating reticu
lated polyurethane foam. 

Currently, the most suitable ma

terial is the reticulated (skeleton
ized) polyurethane foam of 20 pores 
per inch density. This material en
velopes most of the desirable 
characteristics described earlier and 
has been clinically applied for more 
than 1 year on over 100 patients 
with remarkably good results. 

MANUFACTURER'S 
DESCRIPTION OF 
POLYURETHANE 

Polyurethane is produced of 
chemicals derived from petroleum 

and is composed of 12-sided bub
bles or cells that give it a foam
like appearance. Reticulation is the 
process of removing the walls of the 
cells. The remaining strands, thicker 
than were the cell walls, are left 
in a form that might be best de
scribed as a three-dimensional fish
net. Polyurethane foam has a 
temperature resistance up to 250 
deg. F. and can be sterilized with 
boiling water, steam, or gas. 

With the assistance of the manu
facturer, we overcame the early 
problem of shaping the material to 
stump contours. The performed 
reticulated distal pads in sizes of 3, 
4, 5, and 6 in. are suitable for most 
if not all stump sizes, (Fig. 2, 3, 4, 
5, and 6). After careful evaluation 
20 pores per inch density appeared 

Figure 2 



Figure 3 

Figure 4 

Figure 5 

Figure 6 

Figure 7 

Figure 8 

to be the most suitable. However, 
this does not imply that density of 
the foam is related to pore size. 
Our aim was for maximum pore 
size without sacrificing density or 

causing detrimental skin irritation 
due to coarseness of the material. 

Aside from providing uniformity 
in each application, reticulated 
polyurethane distal pads provide 
the prosthetist with a greater range 
of safety over the critical distal-
anterior stump margin than was be
fore possible. They remove some of 
the guesswork and provide satis
factory results for individuals with 
less experience. 

Reticulated polyurethane of the 
same density and porosity but in 
1/2-in. thick sheet form is recom
mended as a compressive interface 
material for Syme and hip-disarticulation rigid dressings (Fig. 7 and 8). 

Efforts are being made to sub
stitute compressed polyurethane 
with identical density as felt for re
lief pads currently in use in the 
below-knee and Syme rigid dress
ings. Plans are to provide poly
urethane relief pads with adhesive 



backing to eliminate the need for 
medical adhesive spray. 

Aside from its many uses and 
applications in various industries 
and professions, it should be noted 
that reticulated polyurethane is also 
successfully used for conventional 
medical dressings. 

SUMMARY 
To achieve and maintain effec

tive tissue support in a fresh ampu
tation stump through controlled 
compression by means of an im
mediate postsurgical rigid dressing, 
an effective interface agent with 
certain fundamental and functional 
characteristics is required. Various 
types of interface materials have 
been evaluated both clinically and 
through instrumentation. The re
sults obtained indicate the suita
bility of reticulated polyurethane 
foam, 20 pores per inch, which has 
the ideal characteristics of an effec
tive interface material. Further use 
for this material in different forms 
and for related applications shows 
additional possibilities as a surgical 
dressing. 

REFERENCES 
1. Ber lemont , M . , R. Weber , and 

J . P. W i l l o t : T e n years o f E x p e r i 
ence w i th the Immediate App l i ca 
t ion o f Prosthetic Devices to 
Amputees o f the L o w e r E x t r e m i 
ties o n the Operat ing T a b l e . 
Prosthetics In ternat ional , 3 ( 8 ) : 8 -
18, 1969. 

2. Burgess, E . M . , R . L . R o m a n o , 
and J . H . Ze t t l : Ampu ta t ion 
Management U t i l i z i ng Immediate 

Postsurgical Prosthet ic F i t t ing. 
Prosthetics In ternat ional , 3 ( 8 ) : 2 8 -
37, 1969. 

3. Burgess, E . M . , and J . H . Ze t t l : 
Immediate Postsurgical Prosthe
tics. O r t h o . & Pros. , 2 1 ( 2 ) : 105-
112, l u n e 1967. 

4. Burgess, E . M . , R . L . R o m a n o , 
and J . H . Ze t t l : T h e Manage
ment o f L o w e r - E x t e r m i t y A m p u 
tations, T R 1 0 - 6 , Superintendent 
o f Documents , Wash ington, D . C . , 
Veterans Admin is t ra t ion ( in press). 

5. Burgess, E . M . and R . L . R o 
mano : T h e Management o f L o w e r 
E x t r e m i t y Amputees U s i n g I m 
mediate Postsurgical Prostheses. 
C l i n i ca l Or thopaedics and Related 
Research, 57:137-146, M a r c h -
A p r i l 1968. 

6. Burgess, E . M . , R . L . Romano , 
and J . H . Ze t t l : P R S Progress 
Repor t J u l y 1, 1967 th rough N o 
vember 30, 1967. In te r -C l in i c 
I n f o r . Bu l l . V I I ( 9 ) : 11-20, June 
1968. 

7. Burgess, E . M . , J . E . T r a u b , and 
A . B . W i l son , J r . : Immediate 
Postsurgical Prosthetics in the 
Management o f L o w e r E x t r e m i t y 
Amputees, T R 10-5, Super intend
ent o f Documents , Wash ing ton , 
D . C . Veterans Admin is t ra t ion , 
1967. 

8. H o d g e , J . W . , J r . and M . H . 
Y e a k e l : Phys ica l Propert ies o f 
Si l icone Rubber . Ar t i f ic ia l L imbs , 
12 (1 ) :35 -38 , Spr ing 1968. 

9. Schrock , R . D . , J r . , J . H . Zet t l , 
E . M . Burgess, and R . L . R o 
m a n o : A Pre l im inary Repor t o f 
Basic Studies f r om Prosthetics 
Research Study. Bu l l . Pros. R e 
search, B P R 10-10: 90-105, F a l l 
1968. 

10. Weiss, M . : Myop las ty - Immedia te 
F i t t i ng -Ambu la t ion . Paper pre
sented at the Sessions o f the 
W o r l d Commiss ion on Research 
in Rehabi l i ta t ion, T e n t h W o r l d 
Congress o f the Internat ional So 
ciety, September, 1966, Wies
baden, G e r m a n y . 



Orthotics and Prosthetics Today 
As Viewed by an Orthopedist* 

by Newton C. McCullough, III, M.D.** 

It is a pleasure for me to be 
here this morning and have the 
opportunity of sharing with you 
some views regarding the current 
status of the profession of orthotics 
and prosthetics. In recent years, I 
have become rather closely asso
ciated with certain areas in your 
specialty, and hence am aware of 
at least some of the problems fac
ing the field today. 

With your indulgence, I would 
like to use this time to point out 
what to me seems to be the major 
problems confronting the prosthetic-orthotic profession today, and 
to offer some suggestions whereby 
these problems can be at least 
partially alleviated. It is a rare 
occasion for an orthopedist to give 
a talk and be unable to use slides 
for notes, so with apologies ahead 
of time, I will read to you some 
of my thoughts and ideas in this 
matter. 

Problem number one is that 
there are too few of you to provide 

adequate service to the ever in
creasing handicapped population. 
This results all too frequently in 
undue delay in fitting patients with 
artificial limbs or orthotic devices. 
It also tends to lower the quality 
of appliances provided, in that the 
demands of time alter the care and 
skill of fabrication. I think that 
there will be little disagreement 
that more manpower is needed in 
the field. The following possible 
solutions to this problem exist. 

1. An intensive and organized 
effort to attract intelligent 
young men into the profes
sion is needed. This should 
be an all-out effort conducted 
as a function of your national 
organization and extending 
into all areas of the country. 
Young men at every high 
school and junior college in 
the nation should be made 
aware of the fascinating po
tentials which exist in this 
profession, being as it is, a 
common merging ground for 
the sciences of medicine and 
engineering. A library of 
sound-slide talks and movies 
demonstrating current devel
opments in new fabrication 

* This address was given at the F o r u m 
'69 seminar held at the Plaza Hotel , 
Miami Beach Flor ida prior to the 
1969 A O P A N a t i o n a l Assembly . 

** Assistant Professor of Orthopaedics, 
Associate Director of Rehabil itation, 
University of Miami , Miami , Florida. 



techniques, external power 
and m y o e l e c t r i c c o n t r o l 
should be established. 
T h e s e a u d i o - v i s u a l a ids 
should then be available to 
local prosthetists and orthotists for use in high schools 
and colleges in their geo
graphic areas. Other propa
ganda techniques at the local 
level could also be used, but 
there should exist a truly 
coordinated recruitment pro
gram directed from the na
tional and regional levels. 

2. The concept of prosthetic-
orthotic technicians should be 
developed and encouraged. 
These individuals, given short-
term basic training in fabrica
tion techniques, would do 
much to lessen the load of the 
certified prosthetist and orthotist and improve overall 
delivery of services. This idea 
is already being employed in 
Vietnam and in other under
developed countries of the 
world, but has only a scant 
beginning in this country. 
The technician concept for 
the prosthetic-orthotic profes
sion has it parallel in the 
current programs being de
veloped at several institutions 
for training orthopedic tech
nicians. You, no less than 
we, need an extra pair of 
hands to adequately serve the 
patient population. 

3. In certain areas the concept 
of central fabrication may be 
worthwhile in an attempt to 
lighten the routine workload 
of practicing orthotists and 

prosthetists. An inherent dan
ger to this approach, how
ever, is that the patient de
personalized, and individual 
requirements may not be 
satisfactorily met. Any at
tempt at central fabrication 
should be predicated on the 
fact that local alterations and 
modifications can be made in 
the component or appliance 
to meet individual situations. 

The second major problem fac
ing your profession today is that, 
as professional people, your time 
and energies are not being properly 
directed. This of course is partially 
a result of problem number one, 
and can be partially alleviated when 
more technical help is available to 
you. There should hopefully arrive 
a time when your activities and 
your energies can be redirected to
ward a higher and more productive 
level. You should be able to spend 
less time in manual labor, and more 
time in clinics with patients and 
doctors. You should be able to 
spend less time in the business and 
administration of your shops, and 
more time in local research. To ac
complish these things you will need 
increased help in the form of tech
nicians and business managers, and 
perhaps from central fabrication 
techniques. It is important that you 
be able to develop a closer working 
relationship with the medical pro
fession, gaining mutual understand
ing of patient problems and muscu
loskeletal deficiencies. This can be 
accomplish by attending clinics, 
participating in resident conferences 
and Journal clubs, and promoting 
your own educational activities for 
residents and other physicians in 



areas of prosthetics and orthotics. 
It is essential that the importance 
of continuing education be recog
nized, and that local Journal clubs 
and regional meetings be held pe
riodically for the exchange of in
formation and ideas in addition to 
your attendance at national meet
ings. In those areas close to a medi
cal school or residency training 
program, lectures or courses in 
anatomy and musculoskeletal dis
orders can be organized with resi
dent help and participation. 

Finally, in restructuring your 
time schedule, an effort should be 
made to engage in some research 
activities, should it be no more 
than trying to solve a problem by 
trial and error, or by getting to
gether with the physician to figure 
out a new approach to an orthotic 
or prosthetic problem. Remember, 
many of the most practical and most 
applicable new ideas come, not 
from large research centers, but 
from the local level. 

A third major problem is what 
I like to call the "orthotic lag." This 
lag in development of the orthotic 
field is a real one, and poses a 
major problem at the present time. 
Orthotics has taken a back seat to 
prosthetics, and perhaps for good 
reason. The needs of the amputee 
are more immediate and obvious, 
and the wars of the past thirty 
years have yielded untold numbers 
of young men in their prime whose 
productivity depended upon satis
factory functional restoration of 
their missing limbs. Medicine, en
gineering, and the prosthetic pro
fession have responded to the needs 
of the amputee through extensive 
research and development, wide

spread educational programs, im
proved fabrication and fitting tech
niques, and better delivery of serv
ices. The field of orthotics remains 
in comparative disarray, with more 
limited though no less sophisti
cated research activities, few edu
cational endeavors, and little im
provement upon local fabrication 
and delivery services over the past 
fifty years. 

There are no accurate statistics 
as to the number of persons in this 
country requiring orthotic services, 
but when one considers the sheer 
numbers of spinal cord injuries, 
stroke victims, congenital neuro
muscular disorders, arthritic and 
post-traumatic neuromusculoskeletal disorders alone, it is obvious 
that there is a much greater need 
for progress in orthotics than in 
prosthetics. Why then, have there 
not been comparable advances in 
the orthotic field? I believe there 
are some definite reasons for this 
"orthotic lag." There is first of all 
the more obvious and immediate 
need for replacement of a missing 
limb as opposed to restoring func
tion to a deranged limb which at 
least has not parted company with 
the remainder of the body. Sec
ondly, a missing limb presents in 
many instances a more straightfor
ward problem — that of replacing 
the entire missing part, duplicating 
mechanically as many normal func
tions as possible. One below-elbow 
amputee presents essentially the 
same problem in terms of functional 
replacement as any other below-el
bow amputee. The same cannot be 
said for an impaired upper extrem
ity. Specific missing functions must 
be substituted in the presence of 



intact anatomy, and the variety of 
functional losses which one en
counters means that design criteria 
must be correspondingly varied and 
adapted to each individual patient. 
I find it somewhat discouraging to 
realize at times that we can replace 
a missing extremity and secure a 
better functional result in some 
cases than we can get in a para
lyzed limb with the orthotic options 
open to us today. 

Perhaps the best indication of 
this lack of progress in orthotics is 
the fact that the American Acad
emy of Orthopedic Surgery's Com
mittee on Orthotics and Prosthetics 
is currently attempting to revise 
Volume I of the Orthopedic Appli
ance Adas, which has gone un
changed since 1952, 17 years ago. 
Relatively little new in bracing will 
be added to the new Atlas. Rather, 
new approaches to orthotics are to 
be outlined, based on a systematic 
analysis of the patients' problem. 
In order to bring orthotics to a com
parable point in development as 
prosthetics, we must first rid our
selves of the current mass confussion in terminology and meaning
less approaches to prescription writ
ing. We must then orient our think
ing just as we did early in prosthe
tics research and development to 
basic biomechanical principles gov
erning normal function of the ex
tremities, and to the consequences 
of functional impairment upon the 
biomechanical system. An attempt 
is presently being made to devise a 
technical analysis form wherein one 
can diagrammatically plot the bio
mechanical losses present in an ex
tremity. Once properly identified 
these losses can then be matched 

against specific components or com
ponent systems to substitute for 
the functions lost. In this way, a 
more rational and scientific ap
proach to bracing will be achieved. 
It will also serve to identify areas 
or functions for which satisfactory 
components are not presently avail
able, and thus become the basis for 
future design. In addition, it is to 
be hoped that such a systematic ap
proach to the problem of bracing 
will be a valuable teaching tool for 
physicians and orthotists alike, and 
serve as a common meeting ground 
upon which to work out specific 
problems in. bracing. 

The last major problem which I 
want to mention is the matter of 
inadequate delivery of new and 
improved devices to the patient 
population. This is particularly a 
problem in orthotics and in child 
prosthetics. There exist in this 
country and Canada several re
search centers which are engaged 
in highly sophisticated research 
activities with the aim of improv
ing upon our current braces and 
limbs. While entirely laudable and 
productive of intricate and ingeni
ous design, these centers, with rare 
exception, have not succeeded in 
providing improved a p p l i a n c e s 
which in turn may reach the gen
eral population. There is an urgent 
need at present for 1) more practi
cal research activity at a local level, 
and 2) a means of putting into mass 
production effective components 
and devices developed at the re
search centers so that they may 
reach the public. 

In summary, I have presented to 
you what I consider to be the major 



problems confronting the prosthetic-
orthotic field today. There are 
doubdess many others which will 
emerge during the course of this 
seminar. The problem areas as I 
see them include inadequate num
ber of personnel, improper direc
tion of talent, a disproportionate 
relationship between orthotics and 
prosthetics, and failure of delivery 
of new and improved devices to 
the masses of handicapped people. 

I have suggested some ideas for 
improvement of the current situa
tion. The solutions to the problems 
rest heavily on your shoulders and 
will not come easily. Those of us in 
the fields of orthopedics and re
habilitation stand ready to assist 
you in every possible way in meet
ing the challenges of the next few 
years, and we look forward to an 
ever closer relationship between our 
professions. 



Development of 
Upper Extremity Orthotics 

by Thorkild J . Engen, C.O. 
PART I 

RESEARCH AND DEVELOPMENT OF 
POWERED AND NON-POWERED SYSTEMS 

Note: This paper will be presented 
in two parts. The second sec
tion, entitled Patient Applica
tions and Functional Gains, 
to be published in the June 
issue of this journal, will also 
include the Acknowledge

ments. Both sections are 
based on the findings reported 
in the Final Project Report 
of the four-year project sup
ported in part by Social and 
Rehabilitation Service Grant 
No. RD-1564. 

ABSTRACT 
The orthotic systems herein de

scribed, developed at Texas Institute 
for Rehabilitation and Research, 
have been designed to be func
tionally efficient, of simplified mod
ular design, economical, durable, 
and cosmetically acceptable. It has 
been our experience that these cri
teria are vitally important to the 
patient and to the overall usefulness 
of the orthotic system. 

A s a result of application to and 
evaluation of nearly 100 individuals 
included in the evaluation phase of 
the project using pneumatically 
powered systems, it was established 

that the system affords a practical 
method in 85% of the individuals 
for restoring limited but useful hand 
and arm function for patients with 
spinal cord lesions at the C-5, 6 
level. The finger prehension orthosis 
with a wrist joint that is friction 
loaded achieves this objective most 
efficiently. 

This "system" has been designed 
to use the patient's own skeletal 
structure and biomechanical func
tions as an integral part of the or
thotic mechanical system. This 
principle has proved to be very im
portant, because its application 
avoids a "mechanical man" solu-



tion, and the patient has increased 
motivation and acceptance of the 
artificially powered m o v e m e n t s 
which remain under his direct pro
portional control. This factor is of 
critical importance if the patient is 
to be properly assisted in achieving 
a satisfactory living and vocational 
adjustment when he is with non-
impaired people. 

When very few functional resid
uals are available, such as with the 
higher spinal cord lesion patients 
(C-4, 5) the adaptation required is 
obviously more complex. The me
chanical design of the arm unit 
which was developed provides im
portant missing natural motions so 
that control of powered assisted 
movements need be directed pri
marily to shoulder abduction, elbow 
flexion, and finger prehension. The 
mechanical design also takes ad
vantage of the skeletal structure, 
gravity forces, and mechanical lev
erage for complementary motions to 
the powered ones, such as shoulder 
abduction, elbow extension, and arm 
pronation and supination. With the 
powered arm unit, the patient is 
still able to have useful function re
stored in a simplified manner that 
does not leave him overloaded with 
cumbersome equipment. 

In order to improve design cri
teria for these systems, a kinematic 
study was undertaken to achieve 
an objective description of normal 
movements as they relate to acceler
ation, velocity, deceleration, and 
changing angulations. This study 
was extremely helpful in minimizing 
discrepancies of motion imposed by 
the devices themselves. 

The functional usefulness in daily 
living of these powered systems is 

indicated by the fact that the ma
jority of adaptations thus far made 
have enabled the quadriplegics 
participating in the project to in
crease their activities. Some of the 
gains made are self-feeding, caring 
for personal hygiene, writing, typing, 
handling a telephone, filing papers 
or cards, and operating a tabulator 
or computer. Many routinely per
form avocational activities such as 
playing cards or checkers, drawing, 
or painting. Seven have become 
gainfully employed, and fourteen 
others are pursuing education and 
training directed toward vocational 
achievement. 

While the project was primarily 
aimed toward the development of 
powered orthotics, non-powered 
systems harnessing the patients' 
residuals into useful function were 
also developed and found to have 
extensive utility. These had wider 
acceptability than was originally ex
pected. The reciprocal wrist exten
sion finger flexion orthosis, designed 
for the quadriplegic patient with a 
C-6, 7 lesion who maintains active 
wrist extension but lacks finger 
movement, is an excellent example 
of how remaining muscle action can 
be effectively utilized. As a result 
of 450 clinical applications and 
evaluations, we established that 
such patients are able to gain con
siderable functional independence. 

INTRODUCTION 
Purposes of Project 

When the project began in 1964, 
certain specific proposals were set 
forth as guidelines. Primary effort 
was to be devoted to further devel
opment and modification of practi
cal, patient-controlled, pneumati-



cally actuated orthotic mechanisms 
for upper extremities. 

While simplicity, functional effi
ciency, and cosmetic acceptability 
were the overall objectives, an or
thotic system also had to be light
weight; to provide passive structural 
support to achieve near-normal 
musculoskeletal alignment, such as 
in a flaccid hand; and to fully uti
lize the skeletal articulations as a 
necessary c o m p o n e n t of the 
powered system. 

Progressive developments in ex
ternally powered orthotic systems 
indicated a need for detailed anal
ysis of the complex, synchronized 
musculoskeletal actions in normal 
upper-extremity motions involved in 
daily living. The main purpose of 
this kinematic study was to estab
lish an objective description of nor
mal movements as they relate to 
acceleration, velocity, deceleration, 
and changing angulations. The 
study also identified associated body 
movements, such as head and torso 
movements. The findings were ex
tremely helpful in minimizing dis
crepancies of motion imposed by 
the equipment. 

Although the development of ex
ternally powered orthotics was the 
primary goal, many modifications 
of existing systems were imple
mented in the process. These modi
fications included refinement of the 
plastic hand orthosis as it is used 
as a basic module in a systematic 
approach to correct or prevent de
formities or to aid impaired func
tions. Another important modifica
tion was the further development 
of a reciprocal wrist extension finger 
flexion orthosis. While each of these 
was not specifically outlined in the 

original proposal, each has helped 
to serve the patients involved. 

Facilities and Staff 

This project involved many of 
the professional and non-profes
sional staff and facilities of the 
Texas Institute for Rehabilitation 
and Research. Being the operational 
site of the Department of Rehabili
tation of Baylor University College 
of Medicine, the Institute has spe
cialized in chronic diseases and re
habilitation since its opening in 
1959. The Institute has a bed ca
pacity for fifty-five in-patients and 
facilities for 105 out-patients who 
are seen in the various clinics. 

In addition to the departmental 
staff, an orthotic advisory board 
was established consisting of the 
following members: Dr. William 
Spencer, Dr. Paul Harrington, Dr. 
Lewis Leavitt, Dr. George Lane, 
and Thorkild J. Engen, C.O. Meet
ings were held routinely with the 
agenda prepared by the Project Di
rector. The problems, progress, and 
sequence of developments were dis
cussed, the decisions made were im
plemented, and the results of these 
decisions were discussed in follow-
up meetings. This arrangement al
lowed excellent coordination be
tween the various disciplines in
volved in orthotic research develop
ments. 

In conjunction with the project, 
physiological tests were adminis
tered by the Department of Physi
cal Therapy before and after ortho
tic adaptation, while the patients 
were trained in the use of their 
orthotic equipment by the Depart
ment of Occupational Therapy. 

The patients seen during this re-



search project were referred from 
the Orthopedic Clinic and consisted 
primarily of those with high spinal 
cord lesions, as well as some with 
a diagnosis of poliomyelitis. Pa
tients who were seen in consulta
tion and for evalution by faculty 
members of the Departments of 
Physical Medicine and Orthopedic 
Surgery throughout the affiliated 
hospital program were also seen for 
evaluation and potential application 
of externally powered orthotic sys
tems in the Department of Ortho
tics. Through scheduled and non-
scheduled clinics, ward rounds, and 
conferences, the patients were eval
uated for pre-orthotic treatment. 
This early evaluation was to deter
mine if reconstructive surgery or 
physical therapy were needed to re
gain the maximum neuromuscular 
function or to reverse deformities 
prior to actual orthotic adaptation. 

Following adaptation, the patient 
was followed in the appropriate 
clinic by members of the medical 
rehabilitation team for subsequent 
re-evaluations. 

Methodology 
In the developmental phase of 

this research, a number of com
ponents were identified as necessary 
for the basic orthotic systems. Col
lectively, these components com
prise one of four systems: the plas
tic hand orthosis; the reciprocal 
wrist extension finger flexion ortho
sis; the externally powered finger 
prehension orthosis with wrist fric
tion joint; or the externally powered 
arm abduction elbow flexion ortho
sis. 

The development of these com
ponents evolved from numerous ex
periments, tests, conferences, and 

clinical evaluations. The establish
ment of one component, such as 
the basic hand module, quite often 
led to development and modification 
of other systems. 

Plastic Hand Orthosis 
For successful restoration of 

function for a paralyzed extremity, 
it is important that skeletal align
ment be restored, particularly in the 
fingers and forearm. Early in the 
project, it was found that it was 
impossible to restore digital func
tion for a hand with severe muscle 
imbalance without first realigning 
the metacarpal arch. 

To identify this alignment, an 
X-ray motion picture film was made 
of the skeletal structure of normal 
hands manipulating commonly used 
objects both with and without the 
plastic orthosis applied. (Fig. 1) 

This enabled visual analysis in sev
eral planes of the structural skeletal 
arrangement in various holding and 
grasping patterns. 

This study provided a clearer un
derstanding of the integrated muscu
loskeletal functions as they relate 
to normal activities, and served to 
indicate where support could be 
given with the least mechanical 
hindrance to normal functional pat
terns. 

Figure 1 



Further modification of the plas
tic hand orthosis followed as a di
rect result of this analysis. (Fig. 2) 
This semi-flexible orthosis, made 
from molds of various sizes of nor
mal hands, is easily reshaped by 
heat for individual adaptation. This 
advantage, plus the incorporation 
of related components, makes the 
orthosis adaptable for a variety of 
patients' needs. (Fig. 3) 

The basic orthosis as it comes 
from the mold incorporates the 

non-restrictive metacarpal support 
principle and includes both radial 
and volar extensions which may be 
eliminated or used singularly ac
cording to the nature of individual 
adaptations. (Fig. 4 ) 

The orthosis may be made into 
an opponens and metacarpal sup
port by trimming away both radial 
and volar sections. The addition of a 
lumbrical support provides another 
adaptation. 

The volar portion of the basic 
orthosis extends slightly beyond the 
wrist joint to facilitate attachment 
of a wrist support. The radial por
tion extends to the wrist to facili
tate the incorporation of a wrist 
joint when the orthosis used as a 
reciprocating finger flexion unit. 

The plastic shell is now available 
in four sizes: small, medium, med
ium-large, and large for both right 

and left hands. By using the vacuum 
molding technique, the shells are 
made from nylon laminated poly
ester resin using a formula of: 

7 5 % Polyester resin 4116 Rigid 
2 5 % Polyester resin 4134 Flex 
Caucasian epoxy reinforcer 
3 % Pigment 

Approximately 12 drops Naugatuck per 100 grams of resin 
5 % Luperco A T C 
Nylon stockinette 

Reciprocal Orthosis 
An excellent example of the ver

satility of the plastic hand orthosis 
is its use as an integral part of the 
reciprocal wrist extension finger 
flexion orthosis. Although this is 
not an externally powered system, 
it is a device designed to harness 
residual motor functions. 

The unit is adapted for the pa
tient with active wrist extension but 

Figure 2 

Figure 3 

Figure 4 



no finger flexion. Through mechan
ical linkage, the extensor motion 
is harnessed to provide a useful 
and practical finger prehension. 

When the reciprocal orthosis was 
first developed, the functional gain 
was rather limited because of the 
fixed mechanical range of the unit. 
As stated previously, the X-ray 

analysis emphasized the importance 
of the hand-forearm relationship as 
functional activities are performed. 
Based on these findings, an adjusta
ble telescopic rod was developed 
during the project to expand the 
mechanical range. (Fig. 5) 

This adjustable rod is activated 
by the patient's opposite hand or 
by pressing the activating button 
against a stable object such as a 
lapboard. A slight pressure releases 
the telescopic unit and enables new 
positioning of the hand. Release 
of the pressure locks the rod in the 
new position, thus permitting finely 
adjusted finger prehension so that 
a wide range of activities can be 
performed from holding a cup to 
picking up paper. With this feature, 
hyperextension of the wrist and 
fatigue are greatly minimized when 
the patient is manipulating small 
objects. 

Patients with relatively weak wrist 
extension in addition to excessive 

radial deviation could not achieve 
a reasonable proportional gain, as 
the radial deviating movement of 

the hand in active extension worked 
against the joint alignment of the 
orthosis. To solve this problem of 
mechanical hindrance, a modified, 
leaf-spring was incorporated in the 
forearm cuff joining the plastic por
tion at the wrist. (Fig. 6) This me
chanical arrangement permits the 
patient's biomechanical range of 
radial deviation to occur in com
bination with dorsiflexion of the 
wrist. It was necessary to change 
the attachment points of the tele
scopic rod so it would swivel in 
harmony with the newly incorpo
rated deviation movement. (Fig. 7 ) 

Figure 5 

Figure 6 

Figure 7 

A method of analyzing a pa
tient's residual functional status was 
also developed in order to achieve 
optimal matching of a particular 
device with a particular biomechan-
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Figure 9 

ical performance. Three factors of 
primary importance in determining 
the choice of equipment for restora
tion of hand function are: 1) degree 
of residual strength; 2) degree of 
radial deviation; and 3) range of 
motion between flexion and exten
sion. A form was developed for re
cording these three factors, plus the 
patient's active dorsiflexion of the 
hands, using a standard muscle test. 
The radial deviations are recorded, 
and the range of motion between 
flexion and extension is determined 
using standard goniometric pro
cedures. 

Externally Powered Orthoses 
This project dealt primarily with 

the development of orthotic systems 
employing pneumatic power. Two 
types of orthoses are used routinely 
for the patients seen at the Institute, 
an externally powered finger pre
hension orthosis with wrist friction 
joint, and an externally powered 
arm abduction and elbow flexion 
unit. 

The major components of both 
systems are the power actuator in 
the form of the McKibben muscle 
substitute, compressed carbon di
oxide as the power source, and a 
specially designed control valve for 
activation. (Fig. 8) 

1. Power Actuator.—The McKib
ben muscle substitute is the power 
actuator used in these orthoses. A 
variation of the original design 
which is now used consists of a 
bladder made of fine grade latex 
with a diameter of 5 /16", two 

fiberglass helical sleeves, and single 
groove deeply cut end fittings which 
are sealed with polyester resin. One 
end fitting is left open for pressurization. 

The size of the power actuator 
itself is determined by the function 
it is to perform since, for example, 
the contraction range required var
ies between finger prehension and 
elbow flexion. (Fig. 9) 

Cycling testing devices were made 
during the project, and as a result 
of these efforts, some modifications 
were made. However, the power 
actuator still remains somewhat in
consistent in its durability. Exten
sive research and experimentation 
was done with different power actu
ators such as pistons, air bellows, 
and electro-pneumatic actuators. 
However, the McKibben muscle 
substitute was found to be prefer
able from the standpoint of patient 
acceptance, due to the smooth, pro
portionally controllable, combined 
motions it provides. 

2. Power Source. — Compressed 



Figure 10 

Figure 11 

Figure 12 

carbon dioxide is used as energy 
for the power actuator. As a power 
source, it has proved to be practi
cal because it is generally available, 
the small cylinder can easily be re
filled, and it is non-toxic and in
expensive. 

When filled with carbon dioxide, 
the cylinder weighs approximately 
three pounds. Since all powered ap
plications thus far have been for 
wheelchair-bound patients, the size 
and weight of the tank are of little 
importance. The tank is routinely 
mounted either on the chair itself 
or beneath the lapboard surface. A 
pressure regulator is used to re
duce the tank pressure from approx
imately 750 psi to a working line 
pressure of 65 psi. 

3. Control System—The success 
of useful, functional assistance 
through means of any powered or
thotic or prosthetic system primarily 
depends on the simplicity and effi
ciency of the control system. It was 
determined through patient appli
cations that a mechanical system of
fered greater simplicity and relia
bility. Therefore, efforts were made 
to develop a simple mechanical 
valve. The detailed report of those 
efforts was outlined in the final 
report for project RD-542. 

The basic concept has been main

tained with only a few modifica
tions. This design resulted in an ex
tremely reliable system which has 
been used in all patient applica
tions to date. This type of valve 

also was used m a power actuator 
testing device and completed ap
proximately 800,000 cycles which 
is well within the scope of desired 
durability for this system. 

The control valve consists of a 
flexible silastic tube and a spring-
loaded pinching arm capable of de
pressing the tube sufficiently to stop 
the flow of gas at a maximum of 
75 pounds per square inch. Three 
basic, lightweight valves are used 
for patient applications, a single 
valve (Fig. 10), a double valve 
(Fig. 11), and a stacked double 
valve (Fig. 12). 

Depending on particular circum
stances, it is at times necessary to 
separate the control for inflation 
and deflation of the same power 
actuator. In such instances, two 



single valves are used. The dou
ble valve is used in conjunction 
with a rocker bar activator and 
produces both inflation and defla
tion. The four-way, or stacked, 
valve is used to control multiple 
actions. It consists of two double 
valves stacked together, and per
mits eight different actions to be 
synchronized or individualized using 
a single control site. 

The most important features of 
this type of control valve mech
anism are: 

1. A line pressure of 65 psi 
can be controlled by a mechani
cal linkage of a force of a few 
grams. 

2. Admission and release of 
gas to the actuator can be con
trolled by the patient to perform 
a smooth, gradational movement 
that is proportional to the con
trolling action. 

3. The valve is leakproof be
cause the flow of gas is con
trolled from the reservoir to the 
actuator without internal mechan
ical interruption of the system. 

4. The cooling effect associ
ated with the flow of carbon di
oxide does not adversely affect 
the operation of the system, as 
the valve will tolerate great vari
ations in temperatures. 

5. The material used in the 
valve will also allow it to be used 
to regulate the flow of any gas 
or liquid not corrosive to silastic. 

6. The undesirable noise asso
ciated with the escaping gas from 
the deflating actuator is mini
mized effectively by a small cot
ton muffler attached at the exit 
of the deflation tube. 
With any powered orthotic ap

plication, the control mechanism is 
located at an individually selected 
site which is determined by the 
available voluntary movements. Any 
slight movement initiated by the pa
tient may be harnessed to activate 
the system. Care is taken to place 
the control valve where it will re
quire minimum conscious effort on 
the patient's part, thus becoming a 
reflex action within a reasonably 
short time. The advantage of these 
control arrangements is that the 
powered device is not activated ac
cidentally. 

Finger Prehension Orthosis 
The powered finger-prehension 

orthosis is designed for individu
als with a chronic functional deficit 
of the hand and wrist, which is seen 
most often in patients with diag
nosed spinal cord lesions at the C-5, 
6 level. (Fig. 13) 

Figure 13 Figure 14 



The standardized plastic hand or
thosis is used as a foundation for 
this prehension device. Versatility 
of function is increased in incor
porating a friction joint at the wrist, 
permitting voluntary prepositioning 
of the hand in relation to the fore
arm. (Fig. 14) 

A finger unit, which moves the 
index and long fingers, is hinged 
at the proximal joint of the ortho
sis, permitting flexion toward the 
opposed and mechanically stabilized 
thumb. A coil spring, also located 
at this fulcrum point, assists the 
finger extension movement. The 
power actuator is located on the 
radial side of the orthosis. A cable, 
attached to the distal end of the 
power actuator, passes through a 
teflon bushing at the wrist joint and 
connects with the level arm of the 
finger piece. Upon contraction of 
the power actuator, the index and 
long fingers are flexed toward the 
thumb. 

Occasionally, individual modifi
cations of the powered prehension 
orthosis must be made to compen
sate for musculoskeletal problems 
that interfere with functional activi
ties. For example, patients who 
hyperextend the distal phalangeal 
joints of the index and long fingers 
because of instability are aided 
when distal finger stops are added 

to finger unit. 
When the problem concerns in

voluntary flexion of the ring and 
little fingers, an ulnar guard is at
tached to the finger unit to prevent 
these fingers from interfering with 
functional activities. 

Considerable effort has been ex
pended toward the development of 
a self-contained, lightweight pow
ered finger prehension system de
signed to be used by ambulatory 
patients with hand and forearm 
paralysis. However, these efforts, 
although promising, never passed 
the evaluation stage. 

Arm Orthosis 
The powered arm orthosis is de

signed for patients who have lost all 
major function in the upper extremi
ties except the motion of raising 
and lowering the shoulder girdle. 
This problem is often seen in post-
poliomyelitis patients or those with 
spinal cord lesions at the C-4, 5 
level. (Fig. 15) 

The powered arm orthosis con
sists of two major parts, an abduc
tion unit and an elbow flexion unit. 
Two power actuators are used in 
this system, one to flex and supinate the forearm and another to 
abduct the extremity. These are ac
tivated by the patient separately or 
in combination, depending on the 
movement he wishes to perform. 

The abduction unit utilizes the 
vector parallelogram principle, per
mitting horizontal movements in
dependent of the powered elevation 
movement. This system has the fol
lowing functions: 

1. To allow horizontal move
ments of the extremity 

2. To provide vertical move
ments of the extremity 

Figure 15 



3. To act as a swivel arm and 
to support the elbow flexion unit 
in perpendicular alignment re
gardless of its elevated position. 
A coil spring which minimizes 

the gravity forces imposed by the 
extremity is incorporated into the 
system to assist the power actuator 
in attaining maximum efficiency. 

The elbow flexion unit has its 
fulcrum point located on the medial 
side of the elbow and corresponds 
to the axis of the epicondyles. The 
unit is linked with the abduction 
unit by means of a swivel arm which 
has a fulcrum point corresponding 
to the location of the olecranon. 
This permits inward and outward 
horizontal movements of the fore
arm. 

A telescopic rod and tube con
nected to the flexion unit serves as 
an attachment for the hand support 
and also allows voluntary prona
tion and supination. The proximal 
end of the power actuator is located 
slightly above the fulcrum of the 
elbow joint, and the distal end is 
attached near the radial side of the 
orthosis. 

The shoulder abductor and elbow 
flexor components are made from 
stainless steel. Teflon, needle thrust 
and roller bearings are incorporated 
in the joints to produce low frictional resistance. A molded elbow and 
forearm trough made of laminated 
polyester resin is attached to the 
unit. A cutout is located at the 
olecranon to permit firm seating 
of the elbow and prevent the fore
arm from sliding when the elbow is 
fully flexed. This is very impor
tant because of the critical location 
of the fulcrum points of the unit, 
which must correspond closely with 

those of the extremity. The fore
arm is stabilized in the trough with 
a Velcro strap. 

Kinematic Studies 
To establish improved design cri

teria for the artificially powered arm 
movements, the kinematic studies 
were undertaken to achieve an ob
jective description of normal move
ments as they relate to accelera
tion, velocity, deceleration, and 
changing angulations. This study 
was extremely helpful in minimiz
ing discrepancies of motion imposed 
by the devices themselves, and was 
initiated in collaboration with the 
staff of the Bioengineering Labora
tory, Veterans Administration Pros
thetics Center, New York. 

Staff members from the center 
served as the normal subjects. Those 
who were chosen as subjects ranged 
from slightly obese to tall, thin in
dividuals. Nine subjects were filmed 
while performing five basic func
tions of table-to-mouth feeding, hair 
grooming, page turning, writing, 
and diagnal reaching. These activi
ties encompass the three important 
levels of hand movement, table, 
mid-torso, and head, utilizing the 
most functional range of motion of 
an upper extremity. 

A 35-millimeter, 25-frame per 
second movie camera was used and 
placed 20 feet from the subject. 
Two mirrors were positioned at 45 -
degree angles to show three per
spectives of the subject simultane
ously: front, side, and top. Time 
clocks indicating one second and 
one-hundreth of a second intervals 
provided references for the indica
tion of velocity and acceleration of 
each motion as reflected in change 
of position of reference landmarks 



during fixed intervals of time. 
A black felt pen was used to 

identify landmarks on the subject 
at the metacarpophalangeal joints, 
the styloid processes, the lateral 
epicondyle of the elbow, and the 
shoulder joint. The tip of the nose 
was used to record the head move
ments. 

For comparative purposes, two 
identical sequences were taken of 
each subject, first without orthotic 
equipment (Fig. 16) , and second, 
with the arm othosis but without 
the use of external power (Fig. 17) , 
to determine if the equipment hin
ders normal upper-extremity move
ment. Recording mechanisms were 
not placed directly on the subjects 
to insure minimal mechanical hin
drance being imposed on the ex
tremity. 

The negative film was made into 
a positive print in order to obtain 

a clearer image. A special mirror 
arrangement and a standard film 
strip projector were used to project 
the three perspectives of the sub
ject on to a glass screen which also 
served as a viewing table. The 
screen was covered with tracing vel
lum to facilitate plotting. (Fig. 18) 

The selected landmarks were 

identified in each frame in black on 
the vellum. Once the action was 
analyzed, the points were connected 
with black lines to identify the pat
tern of movements, and the relat
ing angulation and acceleration be
tween each point. The time inter
val between each connected point 
remained constant at .13 second. 

Photographs were then taken of 
the completed diagram which was 
superimposed over both the begin
ning and end motions for each ac
tivity. (Fig. 19) This represented a 
single plane, rectangular coordinate 

Figure 16 Figure 18 

Figure 17 Figure 19 



projection of landmarks that are, in 
fact, being rotated spatially during 
the real movement. 

While this report is not intended 
to discuss skeletal anatomy in detail, 
but is instead an attempt to identify 

the sequence range and gross pat
tern of biomechanical actions, it 
should be kept in mind that the 
resulting diagrams are visual and 
are approximate data reductions of 
extremely complex and finely syn
chronized multiplane upper-extrem
ity movements. 

These limitations must be accept
ed because of the difficulty in exter
nally locating the precise center of 
rotation of movements in a particu
lar subject. In particular, the axes of 
shoulder and head movements and 
supination and pronation of the 
forearm cannot be located precisely 
because of the arrangement of the 
skeletal joints and differing location 
of various articulating structures 
within muscle tissue among individ
uals. 

Despite these difficulties, the plots 
illustrate the character of synchron
ized, biomechanical articulations as 
purposeful, functional activities, 
which are performed both with and 
without the orthotic arm unit ap
plied. 

Because of the massive volume 

of data available from photographic 
techniques, two typical examples 
were selected from the nine subjects 
for this discussion. This resulted in 
four diagrams of the five typical ac
tivities both with and without the 
arm unit. For simplicity in com
paring the various activities, the 
diagrams were correlated within 
each activity according to the view 
represented: top, side, or front. The 
two diagrams for each subject were 
then compared in order to identify 
evidence of mechanical hindrance 
or interference, or differences in the 
pattern of the movement as com
pared to the normal degree of up
per-extremity freedom, which may 
have been imposed by the orthotic 
arm unit. 

As an illustration of the data ob
tained from one activity, the dia
grams of six subjects engaged in the 
feeding activity are presented in 
Charts 1 and 2. 

In comparing the data from each 
subject, certain similarities of mo
tion patterns are evident which are 
characterized by the range and 
angulations of each joint motion. 

The diagrams studied strongly 
suggest that the function of the 
shoulder complex is crucial to the 
major upper-extremity actions test
ed. Relative consistence in selective 
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Chart 4 

joint fixation is also evident as a vital 
part of whatever activity is being 
performed. 

Joint movements and/or joint 
fixation is apparently finely syn
chronized by eye-hand coordination, 
as evidenced in the characteristics 
of diagonal reaching performed by 
two typical subjects in Charts 3 and 
4. In this important function, the 
major movement occurs in the 
shoulder complex, consisting of ele
vation, abduction, and forward ro
tation. It is noted in all views of this 
activity. 

An excellent example of selective 
joint fixation is also illustrated in 
this activity. The position of the 
hand and forearm and the angle of 
the elbow remain fixed throughout 
the subjects' performances without 
equipment. 

In comparing the functions with 
equipment, the performances of sub
ject A appears to be almost identi
cal in timing, eye-hand coordination, 
shoulder movements, and wrist, 

forearm, and elbow positioning. 
Some differences are noted, how
ever, in the performance of Subject 
B in all three views with equipment. 
In order to minimize the gravity 
forces imposed on a flaccid extrem
ity, dynamic assistance is routinely 
incorporated in the arm orthosis. 
This arrangement does provide some 
degree of assistance, which is quite 
evident in comparing the two sets 
of data on Subject B. 

One of the most desirable func
tions that a quadriplegic wishes to 
perform is that of independent writ
ing. This is an activity which can 
be avocational, but often evolves 
into vocational endeavor. 

The subjects used in this study 
were instructed to pick up the pen
cil from the lapboard, position it 
properly, and begin writing in their 
normal fashion. The diagramatic 
patterns demonstrate an expected 
uniformity between the individuals 
in Charts 5 and 6. In particular, the 
sequence of joint movements in-
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cludes shoulder rotation and eleva
tion, head movement, slight wrist 
movement, and a considerable de
gree of supination while the elbow 
remains in a semi-flexed position 
throughout the activity. 

In comparing the two sets of dia
grams, a combination of mechani
cal hindrance and mechanical as
sistance is evident. The weight of 
the forearm is minimized by the dy
namic assistance given by the arm 
orthosis as it was in the diagonal 
reaching activity. Some mechanical 
hindrance is noted, however, in the 
important wrist function. This is 
caused by the device itself not al
lowing wrist movement. As a result 
of these findings, a mechanical wrist 
friction joint was incorporated in 
the arm orthosis, thus permitting a 
patient using this type of device to 
voluntarily preposition the hand-
forearm alignment which is so im
portant to writing. 

In page-turning activity, the eye-
hand synchrony is clearly illustrated 

in the front view, as shown in Charts 
7 and 8. In the diagrams for both 
subjects without equipment, the 
functions were performed with the 
major movements occuring in the 
shoulder complex as seen in diag
onal reaching Charts 3 and 4. 

When comparing both subjects' 
performances with equipment, the 
patterns of movements appear less 
coordinated with increased shoulder 
motion and a time lag which may 
be caused by frictional problems. 

The hair grooming function, as 
shown in Charts 9 and 10, includes 
the range of motion needed for neck 
and facial hygiene. This activity 
employs the greatest motional range 
of synchronized articulations of the 
various skeletal joints composing 
the upper extremity and upper torso 
of all functions studied. In com
paring the subjects' diagrams, the 
performance with equipment is 
slightly different. A maximum range 
of elbow flexion is necessary to 
bring the hand to the upper facial 



area in order to perform the func
tion of hair grooming with the arm 
unit in contrast to the more closely 
organized normal movement. Some 
mechanical restraint imposed by the 
arm orthosis is also identified in 
this activity. 

In the studies of feeding activity, 
Charts 11 and 12, a significant dif
ference (which may be due to he
redity reasons) was noted between 
the normal subjects performing the 
same type of feeding activity. In 
this action alone, the variation in 

physical stature and acquired cul
tural styles of feeding cause significan natural variations in the pat
tern of self-feeding. This is the most 
obvious when, for example, there 
is an excessive forward head move
ment, showing an anticipation of 
the arrival of the loaded feeding in
strument as an integral part of the 
overall feeding movement. 

A normal feeding function is ac
complished by a complex synchron

ization of shoulder abduction, ele
vation, internal rotation, scapular 
abduction, elbow flexion, and hand 
supination. In comparing the action 
with equipment, it should be noted 
that the elbow flexion has been re
placed in some instances by the 
need for increased shoulder eleva
tion, which then prolongs the pat
tern of the extremity action to some 
degree. Despite these differences, 
the arm orthosis still permitted these 
complex skeletal articulations to be 
performed by each subject without 
major mechanical hindrance as illus
trated by the more complete graphs 
Charts 1 and 2 showing six subjects' 
diagrams. Also, the device tended 
to force the subjects into a more 
comparable pattern of movement. 

In summary, this study has been 
useful in identifying, diagramatically 
and graphically, the biomechanical 
actions of synchronized, coordinated 
eye-hand movements occuring while 
common, normal upper extremity 
functions were performed by usage 
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of a new and simple form of data 
reduction. Based on the informa
tion gained, a more realistic under
standing of the mechanical require
ments needed for functional substi
tutes for the quadriplegic patient 
has been achieved, and some were 
implemented in equipment design 
revisions. In addition, it also ap
pears that the findings may be use
ful to the field of prosthetics. 

The shoulder joint, with its mag
nitude of multiple extremity posi
tion combinations, appears to be 
extremely important to preserve 

and to actively utilize in considera
tion of prosthetic equipment design. 
Movements in that area are spa
tially amplified at the terminal point 
of the hand. Potentially useful resid
uals in the scapular area in a shoul
der disarticulated patient are often 
immobilized or minimized because 
of the method of suspending the 
prosthesis from a rather rigid torso 
plastic shell. This study would in

dicate that this is undesirable. 
Furthermore, it is evident that 

functions, such as those studied, 
which are performed from a sitting 
position require, in fact, minimal 
active elbow movement. Based on 
this observation, it appears feasible 
to design a free elbow with an in
stant easily operated locking mech
anism which would allow the am
putee to pre-set the angulation of 
the elbow to correspond with the 
requirements of the kind of activity 
being performed. Also, it appears 
that greater effort should be direct
ed toward providing powered assist
ance in the area of supination and 
pronation and flexion and extension 
of the wrist in order to allow a "fine-
tuning" of the gross movements pro
vided by the shoulder complex. 

With the massive data available 
from this study, further analysis ap
pears to be not only possible but 
also practical. While it was beyond 
the scope of this project to continue 
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this analysis in depth, it is recom
mended, however, that further study 
and analysis of this kind be imple
mented and given research priority. 

A useful methodology has been 
developed and evaluated which 
should provide a basis for improved 
design of orthotic and prosthetic de
vices and permit data collection of 
the effect of mechanical designs 
based on natural movement pat
terns, once these patterns and their 
variences are properly identified. 

This approach to design follows 
the philosophy that, initially, it has 
been valuable to concentrate on 
providing a limited number of use

ful upper - extremity movements 
rather than providing a system per
mitting all degrees of freedom en
countered in the natural movements. 
Such an approach can be expanded 
in terms of degrees of freedom as 
new methods of control are refined. 

This first portion of the paper 
has to some degree summarized the 
most important aspects in the de
velopment of powered and non-pow
ered upper-extremity orthotic sys
tems under project RD-1564. Part 
II will concentrate on the functional 
gains achieved by patients with var
ious physiological impairments using 
the systems described in Part I. 

LEGEND: 
Figure 1. One movie frame of a normal hand holding a pencil, showing the structural arrangement of the metacarpophalangeal joints. 
Figure 2. Basic orthosis which included radial and volar extensions. 
Figure 3. Plastic hand orthosis (center) and its use in various orthotic systems. 
Figure 4. Reciprocal wrist extension finger flexion orthosis. 
Figure 5. Diagram of the reciprocal orthosis with the ad|ultable telescopic rod. 
Figure 6. In order to reduce mechanical resistance, a leaf-spring was incorporated in the forearm cuff joining the plastic portion at the wrist. 
Figure 7. Attachment points of the telescoping rod were made to swivel in order to permit radial deviation 
Figure 8. The mejor components of the externally powered systems are (from top) the power source, power actuator, and control valve. 
Figure 9. The power actuator used Is available in varying sizes, depending on the function it is to perform. 
Figure 10. The single valve, weighing 4.5 grams, is used to control either inflation or deflation of the power actuator. 
Figure 11. The double valve weighs 8.2 grams and produces both inflation end deflation. 
Figure 12. Diagram of the stocked valve control system which weighs 19 grams. 
Figure 13. The externally powered finger prehension orthosis with distal finger support as used in a functional activity 
Figure 14. Incorporation of a wrist friction joint permits voluntary pre-positioning of the hand in relation to the forearm. 
Figure 15. Powered arm abduction elbow flexion orthosis. 
Figure 16. Mirrors were used to show front, side, and top perspectives ot the subject simultaneously. 
Figure 17. A second sequence was taken with the arm orthosis but without the use of external power for comparative purposes. 
Figure 18. A special mirror arrangement and a standard film strip projector were used to project the three perspectives of the subject onto a glass screen. 
Figure 19. Photographs were taken of the completed diagrams which were superimposed over the beginning and end motions of each activity. 



Manpower Survey 
(This report is an addendum to the Manpower Survey which appeared 

in the December 1969 issue of this publication. It represents the second 
and final part of that paper.) 

SALARIES IN THE FIELDS OF PROSTHETICS 
AND ORTHOTICS 

J . Warren Perry, Ph.D.1 

Barbara R. Friz, M.S.2 

Information relative to salaries 
in the fields of prosthetics and or
thotics was reported on 1,183 of 
the 1,374 persons entered in the 
Manpower Survey. 3 The item on 
annual salaries included in the ques
tionnaire form was completed on 
95 prosthetist-orthotists, 245 pros
thetists, 217 orthotists, 235 pros
thetic technicians, 216 orthotic tech
nicians, 120 corsetieres, and 55 
shoe specialists. Reported here are 
findings on salaries of 1,008 per
sons in the first five categories. A 
report of the survey on corsetieres 
and shoe specialists is found im
mediately following the salary data. 

The figures in this study pertain 
to basic annual salaries. No attempt 
was made to obtain information on 
fringe benefits, bonuses, or other 
types of remuneration. 

RESULTS 
Table I presents the annual sal

aries of the five categories accord
ing to: 

1. The salary range in which 

the middle 50 percent of the 
group fell. 

2. The median salary. 
3. The mode. 

As in other sections of this study, 
the similarity of the findings related 
to prosthetists and those related to 
orthotists is noteworthy. A similar
ity of findings is likewise manifest
ed in the two technician groups. 

Salaries were analyzed as above 
for two combined categories of per
sonnel: 

(1) prosthetists-orthotists, pros
thetists and orthotists, and 

(2) prosthetic technicians and or
thotic technicians. (Table II.) The 
median salaries of these two com
bined groups are shown for each 
region in Table III. The number in 
each salary range for the two 
groups, again according to region, 
are shown in Tables IV and V. 

SALARY BY YEARS 
IN FIELD 

In this survey, orthotists were 
the only group whose median sal
aries showed a continuous upward 



trend commensurate with the num
ber of years in field (Figure 1). 
Prosthetists' salaries started at the 
same level as those of the orthotists, 
rose more sharply following the first 
period, but declined earlier. (The 
last two periods are not significant 
because of the small sample.) 

Salaries of prosthetist-orthotists 
showed increases up to the 20-29-
year period, subsequently dropped, 
and then rose again to a second, al
though lesser, peak in the 40-49-
year period. 

Orthotic and prosthetic techni
cians started at approximately the 
same salary level, after which both 
levels showed a gradual upswing. 
(Figure 2.) The salary level of or
thotic technicians showed a sharp
er rise than that of the prosthetic 
technicians after the first 9-year 
period and maintained a somewhat 
higher level most of the time. Both 
reached a peak in salary level in the 
30-39-year period. (Again, the last 
periods are not significant.) 

SALARY RANGES BY 
EDUCATIONAL LEVEL 

Although salary ranges were an
alyzed for each group according to 
educational level, this factor did 
not appear to affect salary level. 
When more graduates from degree 
courses enter the field, the effect of 
educational background will be
come clearer. 

DISCUSSION 
This brief report represents a first 

attempt to report salaries within 
the fields of prosthetics and orthot
ics. To obtain accurate and precise 
information on salaries is difficult. 
The economics situation constantly 

changes, the personnel picture fluc
tuates, and frequently a reluctance 
to divulge the proper information 
distorts the findings. In this survey, 
for instance, approximately 15 per
cent of the respondents failed to 
complete the question on salaries, 
and few did not enter precise fig
ures. 

This type of information serves 
a useful purpose, however, and 
health professions, as well as other 
professions, make a practice of 
periodically conducting a salary 
survey of their members. Profes
sional associations are usually com
mitted to promote the economic 
welfare of their membership, in 
which case such surveys are essen
tial. This type of information is also 
needed to advise and perhaps guide 
employers in determining salary 
scales for employees. Finally, in the 
important business of recruiting 
students into the field, it is only 
fair that they should have available 
accurate information on salary 
scales within a particular field. 

This study, in spite of certain 
shortcomings, does provide a general 
idea of salaries in prosthetics and 
orthotics and enables comparisons 
to be made with salaries in other 
health professions. It also provides 
a baseline with which future find
ings in this area may be compared. 

It is recommended that a more 
sophisticated study be done for the 
purpose of more accurately docu
menting salaries, fringe benefits and 
miscellaneous remunerations. Dis
tinction should be made between 
the gross income of the self-em
ployed and the income of those em
ployed on a salary basis. The effect 
of the educational level on salary 



should become more evident at a 
later date. 

SUMMARY 
This paper reports findings re

lated to salaries entered in the Man

power Survey. Salaries are analyzed 
for five categories, and the median 
salaries of these groups are corre
lated with The American Orthotic 
and Prosthetic Association regions 
and with the number of years in the 
field. 

CORSETIERES AND SHOE SPECIALISTS 
J . Warren Perry, Ph.D.1 

Barbara R. Friz, M.S.2 

INTRODUCTION 
This paper will report the find

ings of the Manpower Survey 3 as 
they relate to corsetieres and shoe 
specialists. Two hundred and three 
facilities, institutions and military 
installations participated in the sur
vey which was terminated January 
31, 1969. Reported in the survey 
were 1,374 workers, 149 (10.8 per
cent) of whom were corsetieres and 
62 (4.5 percent) shoe specialists. 
(Table I) All corsetieres except nine 
were female; all shoe specialists ex
cept one were male. 

ESTIMATED PERSONNEL 
NEEDS 

Estimates by survey respondees 
showed that the overall demand for 
personnel at the time of the study 
was somewhat greater for shoe spe
cialists than for corsetieres. (Tables 
II and III) A requirement of 21.3 
percent increase in personnel was 
reflected for shoe specialists and 
16.7 percent for corsetieres. In five 

years, according to estimates, the 
number of shoe specialists would 
have to be doubled and the num
ber of corsetieres increased by 57.3 
percent in order to meet personnel 
demands. 

Regional samples are small, and 
no attempt is made to analyze the 
findings in this section. The report
ed figures are presented in Tables 
II and III as a matter of interest. 

YEARS IN FIELD 
Seventy-three (49 percent) of the 

corsetieres reported in this study 

1 D e a n and Professor, Health Sciences 
Admin . , Schoo l o f Health Related 
Professions, State University of N e w 
York at Buffalo; Chairman, Subcom 
mittee o n Special Educational Projects 
in Prosthetics and Orthotics, C P O E . 

2 Executive Secretary, Commit tee on 
Prosthetic-Orthotic Education, Divi 
sion of Medical Sciences, Nat ional 
Research Counci l , Nat ional A c a d e m y 
of Sciences, Washington, D . C . 

3 J. Warren Perry and Barbara R. 
Friz: "Manpower Survey," Orthotics 
and Prosthetics, 23 :207-226 , D e c e m 
ber 1969. 



had less than ten years' experience 
in this type of work. (Figure 1) 
Twenty-three (37 percent) shoe 
specialists had less than ten years' 
experience. The numbers in both 
categories diminished in inverse 
proportion to the number of years' 
experience. This pattern is similar 
to that of the prosthetic and ortho
tic technicians. 

SALARIES 
The median salary reported for 

shoe specialists was $6,000.00; for 
corsetieres, $4,900.00. The median 
salary for shoe specialists showed 
two relatively sharp rises, one after 
the first four-year period, the other 
following the 10-14 year period. 
(Figure 2) The median salary for 
corsetieres peaked between 5 and 9 
years' experience and showed little 
increase thereafter. 

In this study, the level of median 
salaries for corsetieres was highest 
in the northeastern and western 
parts of the country. The regional 
samples were small, however, and 
generalizations should not be made 
on the basis of this study. The re
gional samples were even smaller 
for shoe specialists, and no analysis 
is attempted. 

EDUCATION 
Seventy-three percent of both 

corsetieres and shoe specialists re
ported in this study were high school 
graduates. The remainder, in the 
corsetiere category, was equally 
divided between those having less 
than a high school education and 
those having more. Of the remain
ing 12 shoe specialists, two had an 
educational level above that of high 
school. 

Over half of the respondees to 
the survey recommended a high 
school level of education for both 
corsetieres and shoe specialists. 
(Table IV) However, technical 
school was favored for shoe spe
cialists by 45 percent of the re-
spondees. 

The effect of educational back
ground on salary level cannot be 
discerned from the findings in this 
study. 

Table V gives the median age, 
salary, years in field, and average 
education for the two groups. 

SUMMARY 
Reported here are data related to 

211 persons employed in two cate
gories: corsetieres and shoe special
ists. Manpower shortages, both cur
rent and projected, are also re
ported. 



T A B L E I 
A N N U A L SALARIES 

T A B L E II 
ANNUAL SALARIES 
(Combined Categories) 

T A B L E III 

MEDIAN S A L A R Y BY REGION 
(Combined Categories) 



TABLE IV 
SALARY RANGE BY REGION 

Prosthetist-Orthotists 
Prosthetists 
Orthotists 
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S A L A R Y R A N G E B Y R E G I O N 
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FIGURE 1 
SALARY BY YEARS IN FIELD - PROSTHETIST-ORTHOTISTS. PROSTHETISTS AND ORTHOTISTS 

F IGURE 2 
SALARY BY Y E A R S IN F IELD - PROSTHETIC TECHNICIANS AND O R T H O T I C TECHNICIANS. 

*Figures represent the percentage of respondees who reported both salary and years in field. Some omitted one or the other; some omitted both. 



T A B L E I 
CORSETIERES AND SHOE SPECIALISTS REPORTED IN SURVEY 

T A B L E III 
ESTIMATED PERSONNEL NEEDS BY REGION 

SHOE SPECIALISTS 

T A B L E IV 
EDUCATIONAL RECOMMENDATIONS 



T A B L E V 
PROFILE 

Figure 1. Number of years in field for corsetieres and shoe specialists. 

Figure 2. Salary by years in field. 
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THESE TOO (2) 
WILL BE IMITATED 

1. RUHRSTERN ELASTIK PLASTER B A N D A G E 

Sizes 3, 4 and 5 inch. Edges are finished to provide 
neater appearance. NOT stretched therefore handles 
easier. Fillauer — first with elastik plaster. 

NEW Low PROFILE DETACHABLE DENIS 
BROWNE NIGHT SPLINT 

Free, exclusive locking wrench and 
protractor. Offset Bar permits child 
to stand without danger. Lengths 
4 to 36 inches. Fillauer — first with 
this new detachable splint. *̂ *Jj 

Surgical Supplies, Inc. 
8 0 x 1 6 7 6 

Established 1914 Chattanooga, Tenn. 
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A n d the w o r d is C a m p . T h a t ' s b e c a u s e C a m p h a s a r e a l l y c o m p l e t e p r o d u c t l i n e f r o m 
o r t h o t i c s u p p o r t s — t o b r a c e s — t o r e h a b a i d s . I t creates a l o t o f p r o b l e m s f o r u s , b u t 
it e l i m i n a t e s a l o t o f p r o b l e m s f o r y o u . A n d i t k e e p s d o c t o r s a n d c u s t o m e r s f r o m 
u s i n g a f o u r le t ter w o r d w h e n t h e fit's n o t r i g h t . A n d w i t h C a m p y o u d e a l w i t h a 
s i n g l e s o u r c e , the l e a d e r i n t h e o r t h o t i c s u p p o r t a n d a p p l i a n c e i n d u s t r y . I n a w o r d — 
it's C a m p . S . H . C a m p a n d C o m p a n y , J a c k s o n , M i c h i g a n 4 9 2 0 4 . 

the next time 
it doesrit fit riglit 
use afour letter 
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All Your Needs For 
ORTHOPEDIC AND PROSTHETIC APPLIANCES 

SUPPLIES 
Under One Roof 

Coutils ' Moleskins • Brocades • Elastics 
Non-Elastics * Nylon Lacings • Buckles 
Tools ' Air Foam • Steels • Vibretta 

VELCRO 
New concept in fastening 

PRENYL* 
'The Most Versatile Material for Splinting" 

d i s t r i b u t e d to the 
O r t h o p e d i c a n d Pros the t i c Profess ions 

b y 

L. Laufer & Co. 
5 0 W e s t 2 9 t h S t r e e t • N e w Y o r k 1, N . Y . 

© 

"Beckfi/1- ADJUSTABLE 
HYPEREXTENSEON BRACE 

• Q u i c k r e l e a s e , s n a p -
o u t a t t a c h m e n t 

• A d j u s t a b l e , s e l f a l i g n 
i n g p o s t e r i o r p a d 

• R o t a t i n g a d j u s t m e n t 
f o r s t e r n a l a n d p u b i c 
p a d s 

• V e r t i c a l a n d h o r i z o n 
t a l s l i d i n g a d j u s t 
m e n t s 

• B i - l a t e r a l w o r m g e a r 
t r a c t i o n b a n d s 

• P l a s t i c w a t e r r e s i s t 
a n t p a d c o v e r s 

• C o n s t r u c t e d o f 24 S T 
a l u m i n u m 

1776 S o u t h W o o d w a r d • Birmingham. Michigan 

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

BECKER ORTHOPEDIC APPLIANCE COMPANY 

M O D E L 
L-25 

24 Hour Service 

March 1970 



A NEW PRODUCT OF MODERN RESEARCH 

Sabel gets all the breaks... :3 
Sloping, padded 

no-chafe top line. 
Extra wide, 7" padded 

tongue accommodates 
swellings and 

bandaging. 

with the new 
a I l-pu rpose AM- BOOT! 

T h e m o s t v e r s a t i l e a n d 

a c c o m m o d a t i n g b o o t e v e r d e s i g n e d , 

t h r o u g h c l i n i c a l e x p e r i e n c e s 

a n d m e d i c a l r e q u i r e m e n t s . 

H e l p s p u t a p o s t s u r g i c a l p a t i e n t 

b a c k o n h i s f e e t . . . m a k e s h i m 

a m b u l a t o r y b y p r o v i d i n g c u s t o m 

f e a t u r e s t h a t a n t i c i p a t e p r a c t i c a l l y 

al l p o s t - s u r g i c a l p r o b l e m s . 

Sabel gets all the breaks . . . 
because they make their own! 

SABEL'S 

AM-BOOT 

E. J . Sabel C o . , Benson—East 
Box 644 Jenkintown, Pa. 19046 

Neutral last with full, 
squared-off toe. 
Neither right 
nor left. 
Notice elongated heel. 

Heavy foam interlining with soft, 
glove leather lining throughout. 
Pre-drilled holes in steel shank are 
marked ana located on leather insole 

Steel shank is 
pre-drilled for easy 

brace attachment. 
Heel is entra long 
to accept angular 
bracework. 
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The largest , most complete l ine of 

cosmetic restorat ions ava i lab le anywhere in the wor ld . 

• COSMETIC GLOVES 
• PASSIVE 8. PARTIAL HANDS 

• BODY BUILD-UPS and RESTORATION 
• LEG & FOOT COVERS 

• ATROPHIED LEG BUILD-UPS 
• BOW LEG PADS 

• NOSE, EAR, EYE and F A C I A L 
RESTORATIONS 

# PARTIAL FEET 
• COSMETIC FINGERS 8. ARMS 

• EYEBROWS 
• BREAST RESTORATIONS 

• MASKING and STRETCH HOSE 

• SUPPLIES 

Realastic Industries 1000 - 42nd Street Oakland, Calif. 94608 

—Exclus ively— 

LEATHERS FOR THE 
ORTHOPEDIC and PROSTHETIC TRADE 

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

• Orthopedic Horsehide 
• Orthopedic Cowhide 
• Orthopedic Elkhide 
• Glazed & Molding Cowhide 
• Calf—Kip—Sheep—Pigskin 

Satisfied Customers Throughout the United States Since 1924 

ORDERS SHIPPED 
THE SAME DAY 

RODEN LEATHER CO., INC. 
1725 CROOKS ROAD 

ROYAL OAK, MICH. 48068 
Area Code 313-542-7064 

X X March 1970 
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complete prosthetics 

1 9 8 4 PLACENTIA AVENUE • COSTA MESA, CALIFORNIA 9 2 6 2 7 
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It was a good idea that started Camp on the road to leadership in the first place. 
Over sixty years ago Camp found a need and filled it—a line of supports designed 
in cooperation with doctors for specific medical problems. And there has been a steady 
flow of new ideas ever since—the Camp-Varco Pelvic Traction Belt and the Camp 
Tru Life Breast Prosthesis to name only two. And we're working on some new ideas 
now that you will see a little later. So, whenever you are looking for orthotic supports 
and appliances to fill a doctor's prescription or a customer's needs, remember Camp. 
It's a four letter word. S. H. Camp and Company, Jackson, Michigan 49204. 

strange how 
so many good ideas 
start \\ith a 
fourletterword 
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READY TO FIT HAND, WRIST AND FINGER BRACES, 
CERVICAL BRACES, TRAINING AIDS AND SPECIAL 
APPLIANCES - PLUS A COMPLETE LINE OF SPINAL 
AND LEG BRACES CUSTOM MANUFACTURED TO 
YOUR MEASUREMENTS. 

COMPLETE CATALOG AVAILABLE ON REQUEST 

C. D. DENISON ORTHOPEDIC APPLIANCE CORP. 
220 W . 28th Street - Baltimore, Md. 21211 
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S U P P L I E R S T O 

PROSTHETIC & ORTHOTIC FACILITIES 

FINEST WOOL 
STUMP SOCKS 

S O F T 
D U R A B L E 

C O M F O R T A B L E 

THE SOURCE FOR ALL YOUR SHOP NEEDS 

STUMP SOCKS-BRACES-CORSETS 
HOSIERY-TRACTION EQUIPMENT 

PROSTHETICS ORTHOTIC 
PARTS-SUPPLIES COMPONENTS 

ABRASIVES-BUCKLES-RIVETS-VELCRO 
CHEMICALS-PLASTICS-PLASTER 

TOOLS-FOAMS-LEATHER-STOCKINETTE 
WEBBING-WOOD-FABRICS 

JOHNSON & JOHNSON 
RUHRSTERN 

Elastic Plaster Bandage 

F U N C T I O N A L 
SUPPORTS 

FOR 
MEN 
A N D 

WOMEN 

H O S I E R Y 

Stock Sizes & 
Made to Measure 

Support Hose 
Elastic Hose 
Underhose KINGSLEY POST-OP FOOT 

FLAT HEEL 

U.S. MFG. CONVENTIONAL 
KNEE/SHIN 

S T A N D A R D K N E E S T O P 
R E V E R S E K N E E S T O P 

CANE & CRUTCH 
TIPS 

K N I T - R I T E , I N C . 
1121 G R A N D A V E N U E • K A N S A S C I T Y , M I S S O U R I 54106 

P H O N E B16-221-0306 

orthotics and prosthetics xxvii 



contracted 
heel cords... 

Inner lacing 
to bring heel 

down and hold-
it in place. 

Transparent 
plastic 

window 

the B E N E S H 
® 

B R A C E B O O T 
by Markell 

Braces fit better and function better on children 
wi th equinus feet, when the Benesh Brace Boot is 
specified. 

A transparent back window of heavy vinyl el imi
nates guesswork . . . shows exactly where the heel is. 

Special inner lacings keep the foot in contact 
wi th the shoe bottom at all t imes . Heels don't sl ip, 
rub, or blister. Children are more comfortable. 

Available, ready made, in full or half pairs direct 
to inst i tutions, or through shoe stores and brace 
shops throughout the United States and Canada. 

write: 

M. J. MARKELL SHOE CO., INC. 
504 SAW MILL RIVER ROAD, YONKERS, N. Y. 

o r i g i n a t o r s o f T a r s o S u p i n a t o r , ® T a r s o P r o n a t o r ® 
a n d T a r s o M e d i u s ® t h e r a p e u t i c f o o t w e a r . 
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Stereo Safety-Knee 

WAGNER'S 
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ALPRO 

SACRO-LUMBAR SUPPORT 
For a few p e n n i e s m o r e 
you g e t : 

More eyelets 

Enameled eyelets 

Wider laces 

No protruding flesh 
(criss-cross laces) 

Double coutil (not twill) 

All cotton (cooler) 

1W cotton pulls 

Three pulls 

9" front 

15" back 

Snap front 

Best quality elastic inserts 

Four elastic inserts 
(Two top, two bottom) 

Two or four heavy shaped 
steel stays 

yi" flexible stays where 
heavy not used 

Soft cotton lamp wick 
leg straps 

"ALPRO" # 9 3 3 S 

ALL THIS MEANS: 

BETTER FITTING 

LESS REPAIRS 

EASIER LAUNDERING 

SECURE SUPPORT 

SURE COMFORT 

ABSOLUTE PATIENT 
AND DOCTOR 

SATISFACTION 

About $ 1 0 — d o z e n lo ts 

ALEXANDER INDUSTRIES, INC. 
2 2 1 7 FRONT ST. CUYAHOGA FALLS, OHIO 4 4 2 2 1 

PHONE 2 1 6 9 2 3 - 7 3 4 1 

March 1970 



A C O M P L E T E B r e a s t F o r m 

b y t h e A T C O S p e c i a l i s t s 

• Fits most s tandard brassieres 
no pocket necessary 

• Simplifies fitting 
• Fills in ho l lows naturally 
• Creates a beautiful bust line 
• Only 10 practical s izes n e e d e d 

Atco's "easy-f i t t ing" breast forms are 
made of a special viscosity l iquid to 
assure balance a n d f lexibi l i ty. It's the 
only combinat ion form to fill the 
hol lows so natura l ly - so comfortably . 
Every part — p a d , cover, a n d form — 
is washab le . Extra pads a n d covers are ava i lab le for 
frequent changing . Write for complete details. 

SIMPLE P A D S . . . r i g h t a n d l e f t 

R A D I C A L P A D S . . . r i g h t a n d l e f t 

N e x t 
a t c o o r t h o t i c s 

t r a i n i n g j c o u p . s e 
M a y l | , 19 , 2 0 
M c A l I n Hotel 
N e w fcrk City 

ATCO Surgical Supports Co. 
4 5 0 P o r t a g e Trai l C u y a h o g a F a l l s , O h i o 4 4 2 2 2 1 
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Specially Designed For Brace Work 
So highly regarded we call our Rover 

"The Brace Shoe." You can use it 

with complete confidence. 

Sizes 5 - 13 in varying widths. Extra 

large size range also available. 

Colors: Black Suede, Black, Smoke, 

White, Brown, Red and Sage Green 

Gluv and Antique Brown 

Crushed Kid. 

Mismate Service on Black 

Only. 

n 
C O R P O R A T I O N 

The Irving Drew Corporation 
Lancaster , O h i o 4 3 1 3 0 

DREW • DR. HISS - CANTILEVER G R O U N D GRIPPER 

in all 

ORTHOPEDIC and PROSTHETIC 

LEATHERS 

C.N.WATERHOUSECO. 
EST. Ifl79 

146 Summer Street • Boston, Massachusetts 0 2 1 1 0 • 6 1 7 / 5 4 2 - 4 1 1 2 
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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 complete 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 author's name on the back of each illustration 
4. Do not mount prints except with rubber cement. 
5. Use care with paper clips: indentations 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. 



The 1970 NATIONAL ASSEMBLY of the 

AMERICAN ORTHOTIC AND PROSTHETIC ASSOCIATION 

will be held 

SEPTEMBER 30 to OCTOBER 3, 1970 

at the 

PORTLAND HILTON HOTEL 

PORTLAND, OREGON 

For Program Details and Registration Information 
write to 

The American Orthotic and Prosthetic Association 

1440 N Street, N.W. 

Washington, D. C. 20005 

The Assembly is open to all who are interested in the 
rehabilitation of the orthopedically disabled 
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L O E I V P E D I C S l . T H E O I V L Y S H O E S 
I T H E A S T S F O R E V E R Y F O O T T V I * E 

Hi 

Know that your corrections will be made flB^B 
shoes uniquely designed to accommodate* ffl^^M 

in a stable, controlled, superior quality fqundsftj™ 

Alden-Pedic's superior accommodation of 
rections is achieved not only with uniqw 

Long inside counters; right and left 
inside; heavy gauge right and ' 

shanks; and premium leathers" 
the finest foundation made 

B E S U R E . W R I T E F O R Y O U R F R E E P R O G R A M M t f 
O N S H O E A L A S T D E S I G N Si I L L U S T R A T E D B R O C H U R E 

MPANY • MIDDL > R O U ' . 




