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The 
freedom of 
mobility 

I 

\ \ \ \ 

and the 
confidence of steel. 
Truform men's and women's 
support garments feature 
design advancements that 
combine fine fit and durability 
with the degree of support that 
the condition requires. 

Redesigned pattern cuts . . . 
improve fitt ing character is t ics, 
el iminate dart ing and unnecessary 
al terat ions. 

Finest preshrunk fabrics . . . 
for d r ip -dry garments that retain 
size and shape through repeated 
wash ings . 

Constructed to perform . . . 
soft T r i co t 8 tongue prevents 
bunching of pull straps for smooth 
garment si lhouette. Padded 
steels for patient comfor t . 100% 
Dac ron - stay casings for strength 
wi thout bulk. But tonhole open ings 
for easy removal of heavy stays. 

3000 skilled fingers . . . 
ded ica ted craf tsmen assure 
perfect ion in each garment to 
assure you of perfect ion in 
each fit. 

Gentlemen: 
• Send me the Red Book. 
• I am interested in handling 

the Truform line. 

Z i p 

Clip and mail to Mr Alex Dumbadze, 
Trulorm Anatomical Supports, 3974 
Rossiyn Drive Cincinnati^ Ohio 45209 

TRIFORM 
® 

ANATOMICAL SUPPORTS 

C I N C I N N A T I 
3960 Ross i yn Dr ive • C i n c i n n a t i , Oh io 45209 
5 1 3 / 2 7 1 - 4 5 9 4 

S A N F R A N C I S C O 
589 Howard Street • San F r a n c i s c o , Ca l i f 94105 
4 1 5 / 7 8 1 - 1 1 3 5 

N E W Y O R K 
4 West 16th St at 5th Ave • New York, N.Y. 10011 
2 1 2 / 6 8 6 - 6 4 6 0 

I N C A N A D A , C o n t a c t A i rway S u r g i c a l A p p l i a n c e s 
L td . , O t t a w a , O n t a r i o . K1 R5T8 
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polycQdence 
a bright, new hope for the geriatric 

To be independent and free again. To walk. 
To adventure and do things wi th renewed hope. 
This is now a dream come true for the AK geri
atr ic amputee. Before the Polycadence AK-4 
was developed, the geriatric patient had the 
longest and toughest batt le ahead. Lacking 
both the strength and the courage the geri
atr ic would give up the struggle to cope wi th 
the tradi t ional prosthetic appl iance. Time and 
t ime again the normal history was dependency 
on others, or the wheelchair. The classic story 
of the "c loset l imb" . • With the Polycadence 
AK-4 the patient achieves very early success 
in ambulat ion and a def ini te psychological l i f t. 
From the moment of f i t t ing he gains conf i 

d e n c e - i n complete contrast to the over
caut ious steps of most seriously handicapped 
amputees. • Ask for our l i terature, describ
ing our 10 points of d i f ference. 

Available from: 
Knit-Rite, Inc., 1121 Grand Avenue, Kansas 
City, Missouri 64106, Phone 816/221-0206. 

Southern Prosthetic Supply Co., 947 Juniper 
Street, N.E., P.O. Box 7428, At lanta, Georgia 
30309, Phone 404/875-0066. 

Kingsley Manufactur ing Co., 1984 Placentia 
Avenue, Costa Mesa, California 92627, Phone 
714/548-6116. 
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Telephone: B 7 5 - 0 0 6 6 
Area Code 4 0 4 

POST OFFICE BOX 7 4 2 8 
9 4 7 Juniper St., N.E. • Atlanta, Ga 3 0 3 0 9 

WE WILL FABRICATE 

YOUR 

PROSTHESES AND ORTHOSES 

ANY TYPE - ANY STYLE 

SHIPMENT IN 10 DAYS OR LESS 

IF YOU NEED PRODUCTION 

CALL 

Charles White - 404-875-0066 

COLLECT 

Satisfaction Guaranteed 

"Everything for the Prosthetic & Orthotic Manufacturer' 
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DEMAND THE FINEST 
FOR YOUR 
CUSTOMERS 
KENDRICK'S 
dorso-lumbar 

supports 
PRESCRIBED BY PHYSICIANS. 

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

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

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

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

Kendrick 
S I N C E 1 8 5 3 

Kendrick Dorso Lumbar Support N o . 
2030 features 21" back depth, an 
e las t ic release at the groin and a 
hook and eye opening at the left side. 

. . S O L D WITH CONFIDENCE 



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 O N REQUEST 

C. D. D E N I S O N ORTHOPEDIC APPLIANCE CORP. 

2 2 0 W . 28 th Street - Baltimore, M d . 21211 
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C h o o s e it 
Because body conditions can vary so greatly with individual patients, 
Camp makes a variety of lumbosacral supports. 

And there's only one method to insure the patient gets the right 
support, and the results the physician wants. 

Choose a Camp orthotic support. 

Camp offers the widest selection of men's and women's lumbosacral 
supports available. Made to strict quality control standards, each is 
designed to help solve specific orthotic support problems. 

And each Camp garment is designed and manufactured to allow you 
to fit it more precisely to the individual patient. 

With the complete Camp line, you don't have to choose a support 
that is "generally" right. You can be precise. 

All this, plus your own fitting skill (assisted by our free training 
seminars which you may attend), means the patient is much more 
likely to leave your store with an orthotic support that he or she can 
wear with confidence. And that it is better designed to achieve the 
results prescribed by the physician. 

Make sure your line of Camp products is complete. (Today, many 
doctors are prescribing them by name and number.) Send for our 
complete set of Camp Orthotic Support Selector catalogs. 

When you want to make certain you've fitted a patient with the best 
possible appliance, choose Camp. 
Precisely. 

CMAP 
T U N ^^^L W M 



MODEL 9 4 7 5 - Triple side ad
justment. Specially designed or
thopedic back panel. Two pair 
nylon casings. Two shaped steels 
ncluded. Elastic releases: side 

top and bottom, center front and 
center back bottom. Hook and 
eye closure. 

CAMP INTERNATIONAL, INC. 

Let me be specific. Please send me your Lumbosacral Support Selector. 

Name 

Address 

Cily State ZlD 



ALL WOMEN'S LUMBOSACRAL SUPPORTS are f i rmly boned in 
back and may be re inforced wi th pl iable steels. Each support is designed to reach 
high enough in the back to cover the lumbosacral jo int , and at the same t ime limit 
the act ion of the muscles and l igaments wel l above the joint . 

MODEL 9241 - Triple back ad
justment. Elastic releases: side 
top and bottom, and bottom cen
ter front. Hook and eye closure. 

MODEL 9474 - Triple side ad
justment. S pecially designed or
thopedic back panel. Two pair 
nylon casings. Two shaped steels 
included. Elastic releases: side 
bottom. Detachable hose sup
porters. Hook and eye closure. 

MODEL 9071 - Triple side ad
justment. One pair nylon cas
ings. Two shaped steels includ
ed. Elastic releases: side top and 
bottom. Detachable hose sup
porters. Hook and eye closure. 

CAMP LUMBOSACRAL SUPPORTS for men extend wel l above the 
waist l ine to cover the who le lumbar area. The Magic Web Adjus tment and Elastic 
Band of Contro l al low precise f i t t ing of a w ide range of f igure types. 

MODEL 267 - Triple side ad
justment. High in front to cover 
protruding rib cage. Two pair ny
lon casings. Two shaped steels 
included. Elastic releases: top 
front and groin. No. 4 perineal 
straps. Snap-button front closure. 

MODEL 9267 - Triple side ad
justment. High in front to cover 
protruding rib cage. Two pair ny
lon casings. Two shaped steels 
included. Elastic releases: top 
front and groin. No. 4 perineal 
straps. Snap-button front closure. 

MODEL 9262 - Triple side ad
justment. Two pair nylon cas
ings. Two shaped steels includ
ed. Elastic releases: top front 
and groin. No. 4 perineal straps. 
Snap-button front closure. 

No 
Postage Stamp 

Necessary 
If Mailed In The 
United States 

BUSINESS REPLY MAIL 
First Class Permit No. 166. Jackson. Mich. 

Postage wi l l be paid by: 

CAMP INTERNATIONAL, INC. 
Jackson, Michigan 49204 



SHOE CLASP ANKLE-FOOT ORTHOSIS PART N O . 
1A 2 9 3 - K 

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

Lew in cost 
Easy to install (considerable saving in time) 
Wil l accommodate most all adults 
Light in weight 

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

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

Supplied in kit fo rm. 
Available for immediate delivery. 

S O L D O N 
P R E S C R I P T I O N 

O N L Y 

U N I T E D S T A T E S M A N U F A C T U R I N G CO. 
P.O. Box 110, 623 South Central Avenue, Glendale, California 91209, USA 
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FRACTURE CAST C O M P O N E N T S 

ALIGNMENT JIG Cast Boot CLAMPS, Snaplock ALIGNMENT JIG 
S m a l l Two necessary for each cast 

M e d i u m 

?\ ^ 
L a r g e 

\ \ 1 ( l ( ( ) ) ) / 

Polycentric Knee Joints for Fracture Bracing Polyethylene Quadrilateral Casting Brims 

Small 16" to 19" 
Med. 19" to 23" 
Large 23" to 28" 

Lefts and Rights 

Length . 

Full Leg Post Fracture Socks 

3-Ply Weight 
Orion/Acrylic 95.25% 
Lycra/Spandex 4 75% 
Closed Toe (not pulled up) 
Fleecy (Fleeced inside and outside) 

Length 
Top 

Width 

Below 
Knee 
Width 

Ankle 
Width 

Keel 
Width 

Toe 
Width 

36" &' AW 3Vi" S" • 3" 
35" 9" 6" 4" 6* 31//' 
39" 9" 5* 6* 3Vi" 
42" 9" 5" . 1 - 6W 

•• • W 9- 5" 4" 6" 3 'A" 
46" 10" S" 4^i" 6W 3W 

CABLE ANKLE JOINT 
FOR FRACTURE BRACING 

PROTECTO-CAST is a strong, plastic sleeve 
featuring a unique closure that permits the 
wearer of leg or foot casts, bandages, or 
dressings to shower while the casts or dress
ings remain dry! 

PEL SUPPLY COMPANY 
4 4 7 1 W E S T 1 S O T H PIT . C L E V E L A N D * O H I O 4 4 1 3 S — P H O N E t i t f i - 2 6 7 - 5 7 7 5 

P A U L E L L C I M K U E H L t » . H K H D H T 
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QUALITY ^ PROFESSIONALISM 

Quality of service, quality of production, and quality of attention to detail all are 
hallmarks of professionalism. This simple, seemingly altruistic statement applies 
equally to orthotics and prosthetics, just as it does to medicine, science, engineering, 
law, and any number of other like callings throughout the world. 

In orthotics and prosthetics it has been heartening to observe the increasing 
recognition of these fundamental precepts by practitioners. The day of the wood-
shop-type operation is virtually over. It has been replaced by the neatly arranged 
facility in which orthotists and prosthetists along with their assistants and tech
nicians render a high level of patient service in a clinic-type setting. 

It therefore becomes just as important for the organizations representing these 
professions to reflect this enhanced professionalism and attention to quality, not 
only in member services, but also in publications such as "Orthotics and Pros
thetics." This aspect became a particularly important mission of the National Office 
during 1973, and quickly led to a major redesign in the format of the journal and 
a concomitant effort to upgrade the technical articles appearing therein. Equally 
important, though, was a resolve to improve the journal 's appearance still further, 
not only in terms of making it a more contemporary looking publication, but to 
add a new dimension of quality to the way in which articles were presented. 

After a maturing process of more than a year, it now appears that those efforts 
have paid off. The most recent major step was selection of an alternate printing 
firm in the nation's capital which has an enviable reputation for its publication 
activities. Readers who compare these 1974 issues with those in 1973 will become 
aware of this transition in such matters as crispness of type, more balanced page 
layout, better reproduction of graphics, and the like. 

Even with these accomplishments, however, your editors and administrators 
are continually on the lookout for still better ways in which to enhance the quality 
of AOPA's official publication. You, the readers, can help by calling attention to 
areas for improvement, by communicating with the editors on both the format and 
technical presentations, and perhaps most importantly by informing your profes
sional colleagues through contributed articles of innovative technology which 
could lead to improved services for the orthopedically disabled. 

David A. H. Roethel 
Executive Director 





PLASTIC SPIRAL ANKLE-FOOT ORTHOSES 1 

Two configurations of plastic spiral ankle-foot 
orthoses (AFO) have been developed at the In
stitute of Rehabilitation Medicine (IRM), New 
York University Medical Center, to provide 
control of the ankle-foot complex in many neuro
muscular conditions that result in weakness or 
paralysis of the ankle and foot. They are the 
spiral AFO and the hemispiral AFO. 

These spiral configurations in their present 
form are the result of work over the past approxi
mately seven years (1) (3). The stages of design 
and development and detailed rationale of design 
are not elaborated upon in this paper. Rather, 
indications, contraindications, description of 
design and fabrication procedures are sum
marized here (5) (6) (7). The fabrication pro
cedures described are not intended by any means 
as a substitute for formal courses of instruction 
in this technique. 

THE SPIRAL AFO 

The spiral AFO (Fig. 1) is believed to provide 
controlled motions in all planes; that is, adapta
tion to transverse rotation, as well as motions 
in the frontal and sagittal planes. The spiral por
tion of the orthosis originates from the medial 
side of the footplate, passes around the leg 
posteriorly, and terminates at the level of the 
medial tibial condyle. A horizontal band is 
attached to the spiral at the level of the calf. 
The thermoplastic used in the construction of 
the orthosis is SADUR 3, an amber-colored, 

acrylic-nylon material. The spiral configuration 
represents a new and unique concept which 
obviates the need for metallic joints, yet permits 
controlled plantar flexion and dorsiflexion. The 
spiral unwinds on weight-bearing to permit 
plantar flexion. Removal of body weight results 
in rewinding of the spiral, thus dorsiflexing the 
foot. Following the midstance phase, the spiral is 
stressed progressively, increasing resistance 
toward dorsiflexion. Thus, the spiral orthosis 
assists push-off following heel-off, as the stressed 
spiral returns to its original configuration. 

Adaptation of the orthosis to transverse rota
tion is based on the principle of the spiral helix— 
that is, unwinding and rewinding of the spiral 
produces transverse rotation. In addition, con
trolled eversion and inversion of the ankle is pro
vided by the application of the three-point pres
sure system inherent in the spiral configuration. 
The performance of the orthosis described so far 
is possible not only due to the design configura
tion but also because of the properties of the 
plastic used. SADUR possesses excellent mem
ory; that is, instantaneous return to the molded, 
unstressed position. It is, therefore, not necessary-
during casting to predorsiflex the foot. Align
ment of the major joints in the lower limb in the 
sagittal plane is thus maintained in the normal 
relationship; that is, the long axis of the leg 
should be at 90 deg. with respect to the floor, 
with the shoe on. This alignment, together with 
the dorsiflexion resistance provided by the spiral, 
accounts for the ability of this orthosis to influ
ence anteroposterior control of the knee. 

Indications for use of the spiral AFO are: 
1. Motor weakness affecting all compartments 

of the ankle-foot complex which may be 
flaccid or mild to moderately spastic. 

2. Medial-lateral instability during stance 
or swing phase of walking. 

3. Slightly diminished motor power at the 
knee in addition to motor weakness at the 
ankle. 

This study is supported in part by Grant Number 
23-P-55029/2-03 from the Social and Rehabilitation 
Service, Department of Health, Education, and Wel
fare. 

2 Director, Orthotics and Prosthetics, Institute of 
Rehabilitation Medicine, New York University Med
ical Center, 400 E. 34th Street, New York, N.Y. 10016 

3 Teufel Company, Stuttgart, Germany 

Hans Richard Lehneis, C.P.O. 2 



4. Loss of proprioception at the ankle. 
Contraindications for use of the spiral AFO 

are: 
1. Pronounced imbalance of forces acting on 

the ankle-foot complex. 
2. Greater than moderate spasticity. 
3. Fluctuating edema. 
4. Fixed deformities. 

CASTING PROCEDURES 

For casting, foot-casting boards which corre
spond to the heel heights of the shoe to be worn 
are required (Fig. 2). The head of the fibula and 
the medial malleolus and any bony prominences 
on the foot, such as the base of the fifth meta
tarsal, are marked on the tube gauze stocking 
with indelible pencil (Fig. 3). 

The limb is wrapped with plaster bandages in 
two stages. First, the foot and ankle are wrapped 
to midshank; the foot is then placed on the appro
priate foot board and manipulated in such a way 
as to provide the proper toe-out, eversion-inversion control and forefoot alignment. The foot is 
held in this position until the plaster hardens. 
At the same time the shank should be aligned so 
that a vertical line connects the medial condyle 
of the knee with the medial malleolus. An align
ment reference rod inserted in the casting board 
will assist in this procedure (Fig. 4). 

In the sagittal plane the shank should be held 
vertically. After the plaster hardens place both 
hands around the proximal portion of the shank 
with both thumbs pointing toward the patella 
(Fig. 5). The purpose of this maneuver is to shape 
the calf triangularly through displacement of the 
underlying tissue. The index finger of one hand 
must be at the level of the neck of the fibula, while 
the thenar eminence of the same hand identifies 

Fig. 1. Anterior view of spiral AFO. 

Fig. 2. Casting board with reference rod. 



F i g , 3. T h e leg, w i t h tube gauze in place, ready for 
cast ing 

F i g . 4. P o s i t i o n i n g the f o o t d u r i n g cas t ing . 

the soft t i s sue area b e t w e e n the crest o f the t ibia 
and the shaft o f the fibula. T h e thenar e m i n e n c e 
o f the o p p o s i t e h a n d m u s t be firmly pressed 
against the media l por t ion o f the shaft o f the 
t ibia . Poster ior ly , the fingers o f bo th h a n d s 
o p p o s i n g the thenar e m i n e n c e s must exert firm 
forward pressure to prov ide a tr iangular cross 
sec t ion o f the cast in that area with the poster ior 
por t ion f lattened a l o n g with relief for the crest 
o f the t ibia. H a n d pressure must be m a i n t a i n e d 
unti l plaster hardens . T h e result ing negat ive cast 
is thus funct ional ly s h a p e d and a m i n i m u m of 
m o d i f i c a t i o n s o f the pos i t i ve m o d e l are needed. 

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

T h e long i tudina l arches are s h a p e d by removeing 6 m m o f plaster under the area of the sus 
t en tacu lum tali and c o n t i n u i n g t o w a r d the lateral 
long i tud ina l arch, taper ing t o w a r d 3 m m plaster 
r e m o v a l in the lateral long i tudina l arch across 
f rom the s u s t e n t a c u l u m tali ( F i g . 6) . T h e meta 
tarsal arch is then s h a p e d by r e m o v i n g at least 
15 m m o f plaster at the a p e x of the metatarsa l 
arch, i .e. , under the s e c o n d metatarsa l ray and 
a b o u t 20 m m p r o x i m a l to the metatarsa l heads 
( F i g . 6) . A w e l l - s h a p e d metatarsal suppor t is very 



Fig. 5. Shaping the plaster bandage at the proximal 
portion during casting. 

Fig. 6. Sketch indicating areas on the plantar surface 
of the male model that require modification. 

Fig. 7. Sketch indicating areas on the leg part of the 
male model that require modification. 

important since the reaction point of the dorsi-flexion-assist force is at the distal termination 
of the orthosis. 

In the soft tissue area between the crest of the 
tibia and the shank of the fibula, 6 mm of plaster 
are removed starting 15 mm distal to the head of 
the fibula and extending to a point halfway 
between the neck of the fibula and the lateral 
malleolus. At the level of the medial tibial flare 
4 mm of plaster are removed (Fig. 7). No further 
plaster removal is required except smoothing of 
the popliteal area. A flat if not a concave popliteal 
area is maintained. Six mm buildups are required 
in bony areas previously marked on the foot. 
After the entire cast has been smoothed, one or 
two coats of parting lacquer are applied. 

MOLDING PROCEDURE 
The calf band of the precut spiral kit 4 (Fig. 8) 

is placed in a preheated oven for a few minutes 

4 Manufactured by the Teufel Co., Stuttgart, Ger
many. Available through distributors also. 



F i g . 8. Shape o f S A D U R par ts needed f o r the spira l A F O . 

F i g . 9. T r i m m i n g the S A D U R ca l f b a n d . 

F i g . 10. A p p l y i n g the S A D U R spira l piece. 
at 140 deg . C until the cal f b a n d is l imp. It is 
then p laced o n the cast with the lateral o p e n i n g 

20 m m distal t o the neck o f the f ibula. A n y over
lap in this area is cut off wi th a pair o f sc issors 
(F ig . 9). T h e medial upper project ion o f the cal f 
band s h o u l d cover the media l tibial flare. A felt 
pad is p laced over the area of the c o n c a v i t y be
tween the shaft o f the fibula and the crest o f the 
tibia and the entire cal f area is w r a p p e d with an 
A c e b a n d a g e . W h e n calf area is c o o l e d , the A c e 
b a n d a g e is r e m o v e d and the heated spiral blank 
wi th the foo tp la te is p laced on the cast so that 
the spiral por t ion ex tends from the media l longi 
tudinal arch wi th the anter ior border c o i n c i d i n g 
wi th the apex of the media l m a l l e o l u s (F ig . 10). 
A n extra large metatarsa l pad is p o s i t i o n e d o n 
the footp la te over the area o f the metatarsa l arch 
and he ld in place with an A c e b a n d a g e that is 
w r a p p e d from the metatarsa l area up to the ankle 
area. O n c e the footp la te is he ld in p lace properly , 
the spiral por t ion is w r a p p e d a r o u n d the leg over 
lapping it with the media l por t ion o f the calf 
band . A felt pad over the c o n c a v i t y in the mid-
shank area is p laced be tween the crest o f the t ibia 
and the shaft o f the fibula to prov ide a " l o c k i n g 



channel," and the entire leg cast is wrapped with 
additional Ace bandages. 

ASSEMBLY 

After the spiral has cooled sufficiently, four 
holes are drilled in the area of the overlap of the 
spiral and the calf band. A China marker is used 
to indicate the proximal edge of the spiral, which 
should be 40 mm proximal to the distal edge of 
the calf band and parallel to it. A mark is made 
on the footplate 6 mm proximal to the heads of 
the metatarsals. The lateral trim line of the foot
plate is marked as well as a line indicating the 
posterior distal edge as a continuation across the 
footplate at a point 25 mm posterior to the apex 
of the medial longitudinal arch and perpendicular 
to the long axis of the foot (Fig. 11). The com
ponents are removed from the cast and the edges 
are finished with a sand cone, Tycro wheel and 
fine sandpaper, and then buffed. The four holes 
previously drilled are countersunk on the inside 
of the calf band, and shrink-expansion rivets are 
introduced with the shank protruding into the 

countersink. Each rivet is heated with a heat gun 
with funnel attachment to expand the shank and 
thus fasten the spiral to the calf band securely 
(Fig. 12). 

FITTING PROCEDURE 

1. The lateral opening of the calf band is in
creased to the point that it will pass the 
mediolateral width of the narrowest part of 
the ankle. 

2. The orthosis is applied by placing the lateral 
opening of the calf band over the posterior 
portion of the narrowest part of the ankle, 
then twisting the orthosis onto the leg as 
it is pushed proximally. 

3. Trim lines of the footplate as described 
above are checked. 

4. The orthosis is then removed from the leg, Fig. 11. View showing typical trim lines. 

Fig. 12. Heating the shrink-expansion rivets with heat 
gun with funnel attachment. 



and the fit in pat ient ' s s h o e is c h e c k e d . 
Material is t r i m m e d as necessary . 

5. T h e o r t h o s i s and s h o e are reappl ied and a 
check is m a d e for any areas o f d i s comfor t . 

6. N e c e s s a r y adjus tments are m a d e by spot -
heat ing w i t h a heat g u n . Al l e d g e s are 
s m o o t h e d wi th a T y c r o whee l , s a n d e d , and 
then po l i shed o n a c lean buffing whee l . 

7. T h e o r t h o s i s and s h o e are appl i ed ( F i g . 13). 
T h e Bulcher- type s h o e wi th either a tie or 
buckle c losure over the ins tep is preferred. 
F o r w o m e n , m o d e r n - s t y l e s h o e s m a y be 
used as long as the c o u n t e r is adequate ly 
stiff a n d high and there is an adjustable , 
none las t i c c losure over the ins tep . R e g u l a r 
s ized, l i ghtwe ight , n o n o r t h o p a e d i c s h o e s 
m a y be w o r n s ince the foo tp la te i n c o r p o 
rates any necessary foot correc t ions a n d 
suppor t w i t h o u t tak ing up an apprec iab le 
a m o u n t o f r o o m in the s h o e . It is necessary 
t o have a firm fit o f the s h o e for proper 
funct ion o f the or thos i s . A knee- length s o c k 
for m a l e s or h o s e for ladies is r e c o m m e n d e d 
for c o m f o r t and ease o f d o n n i n g and re
m o v a l o f the or thos i s . 

F i g . 13. C o m p l e t e d sp i ra l A F O o n pa t ien t . F i g . 14. T h e h e m i s p i r a l A F O . 



HEMISPIRAL AFO 

In contrast to the full spiral AFO which 
originates on the medial side of the foot and 
describes a complete turn of 360 deg. around 
the leg, the hemispiral AFO originates from the 
lateral portion of the footplate, passing around 
the leg in a direction opposite from that of the 
full spiral AFO and covering only half a turn of 
180 deg. (Fig. 14). Thus, the reduction of the 
helical turn in the hemispiral results in greater 
stiffness with improved resistance against the 
equinus tendency. At heel strike, external torque 
of the foot is induced by the unwinding of the 
spiral which, as mentioned above, is in the direc
tion opposite from that of the full spiral AFO. 

Indications for use of the hemispiral AFO are: 
1. Motor weakness of the evertors and dorsi

flexion of the foot with resultant imbalance 
of forces in the direction of equinovarus. 

2. Moderate spasticity when present with con
dition described in " 1 " above. 

3. Mediolateral instability during stance or 
swing. 

Contraindications for use of the hemispiral 
AFO are: 

1. Severe spasticity with sustained clonus. 
2. Fluctuating edema. 
3. Fixed deformities. 

CASTING PROCEDURES 

Casting procedures for the hemispiral AFO 
are similar in all respects to those described for 
the full spiral AFO with the exception that the 

lateral rather than the medial malleolus is 
marked. 

CAST MODIFICATIONS 

Cast modifications are also similar to those 
described for the spiral AFO with the following 
exceptions: 

1. Plaster removal in the soft tissue area be
tween the crest of the tibia and the shaft 
of the fibula is necessary only on the proxi
mal shank area because the spiral portion 
will not cross the tibia anteriorly. 

2. Plaster is removed in an area extending 
proximally 8 cm above the lateral malleolus. 

3. The lateral malleolus is built up 6 mm while 
no additional plaster is necessary on the 
medial malleolus. 

MOLDING PROCEDURES 

For molding the hemispiral AFO, a precut 
kit is available (Fig. 15). Molding of the calf band 
is identical to that described for the full spiral 
AFO, but the hemispiral is placed on the cast so 
that the spiral upright extends from the footplate 
to cover the lateral malleolus. After the footplate 
has been wrapped and held in place with an Ace 
bandage, the spiral upright is then wrapped 
posteriorly around the leg, terminating over the 
medial tibial flare area of the calf band. This 
position is maintained with Ace bandages until 
the plastic has cooled sufficiently. 

Fig. 15. Shape of S A D U R parts needed for the hemispiral AFO. 



ASSEMBLY 

Assembly of the hemispiral is similar to the full 
spiral AFO with the following exceptions: 

1. The medial trim line of the footplate is 
such that a flange of the footplate covers 
the area immediately behind the first meta
tarsal head and another flange covers the 
medial portion of the calcaneus. The pur
pose of the flanges is to prevent forefoot 
adduction and hind-foot inversion, respec
tively. 

2. Normally the distal trim line of the foot
plate should be such that the lateral border 
extends distal to the fifth metatarsal head, 
i.e., covering the metatarsal head, while 
the medial aspect terminates 6 mm proxi
mal to the head of the first metatarsal. The 
purpose of this trim line is to provide an 
increased lateral base (Fig. 16). 

3. The heel section of the footplate is not 
removed but rather is maintained for the 
purpose of effectively inducing an external 
torque on the spiral at heel strike, thus 
compensating for the varus tendency in this 
type of patient. 

FITTING PROCEDURES 

Fitting procedures are again similar to those 
for the full spiral AFO, except for the trim line 

of the footplate as described above. The shoe 
type to be used with the hemispiral AFO is the 
same as for the full spiral AFO. However, a shoe 
1/2 to 1 size larger and 1 to 2 sizes wider is usually 
required. Figure 17 shows the hemispiral on a 
patient. 

Fig. 16. View of hemispiral A F O from the proximal 
end. 

Fig. 17. Completed hemispiral A F O on patient. 



CLINICAL EXPERIENCE 

Both configurations of the spiral AFOs have 
been extensively and almost exclusively employed 
in the orthotic management of patients with 
conditions described under the indications for 
each of the spiral AFOs at the Institute of Re
habilitation Medicine, New York University 
Medical Center, over the past five years. As com
pared to conventional means of bracing, patient 
performance with the spiral orthoses has been 
shown to be noticeably improved through con
ventional and photokinematic gait analyses (6). 
Substantial reduction in energy expenditures 
has been substantiated through measurement of 
oxygen consumption with these orthoses when 
compared with conventional braces (4). Beyond 
the physical effects produced by these lightweight 
orthotic designs (approximately 200 gm), which 
through a more intimate fit afford specific ankle 
control and better orthotic matching of the dis
abilities for which the orthoses are indicated than 
is possible with conventional braces, there has 
been enthusiastic acceptance by an overwhelming 
majority of the patients thus managed. It is 
believed that this not only relates to the rather 
readily measurable physical effects just described 
but to the psychosocial effects enhanced by im
proved cosmesis, cleanliness, and ability to inter
change shoes. The results of psychosocial eval
uations, as well as other biometric data relating 
to this research, are fully described in reference 
6, to which the interested reader is referred for 
full details in these areas as well as statistical data 
on the numbers and types of patients fitted. 

Breakage of the spiral AFO reported during the 
early stages of development has been greatly 
reduced in a number of ways, none of which are 
elaborated here. However, elimination of the heel 
section of the brace and the commercial avail
ability of quality-controlled spiral and hemi
spiral blanks, have reduced breakage in the spiral 
AFO to 5-7 percent during the initial year of 
wear. This percentage is much higher in bilat
erally involved patients, hence the orthosis is not 
recommended for this population. In those 
patients who have experienced breakage within 
a period of one year postfitting, it has become 
our practice to prelace the SADUR material with 
a spiral made from polypropylene. There has 
been no instance of breakage with polypropylene 
spirals which have been used for over two years, 

although patients report a functional difference 
which relates to a reduction of springiness, i.e., 
rebound, as the plastic memory of polypropylene 
is less than that of SADUR. For functional rea
sons, therefore, SADUR is still the preferred 
material, but may be substituted with poly
propylene when breakage occurs within a period 
of one year from the date of fitting as described 
above. There have been very few instances of 
breakage with the more recently developed hemi
spiral which has been applied for more than three 
years. It is not clear whether this reduction of 
breakage in the hemispiral is due to its design 
configuration making it considerably stiffer than 
the spiral AFO, reducing the excursion and, 
therefore, the demand on the orthosis, or whether 
the patient indications preclude extraordinary 
wear. 

SUMMARY 

The plastic spiral and hemispiral orthoses have 
been described in terms of indications, contrain
dications for each, their physical characteristics, 
as well as casting, fabrication and fitting pro
cedures. Both orthoses have been used extensively 
and almost exclusively in the orthotic manage
ment of patients who fit the criteria for their 
indications in over one thousand patient appli
cations at the Institute of Rehabilitation Medi
cine, New York University Medical Center, with 
favorable results and patient reactions. Similar 
results have been reported by other institutions 
and practitioners who have applied these or
thoses. 

It is believed that the technical problems of 
materials and fabrication methods which pre
cluded more general application in the early 
phases of development have been sufficiently 
overcome to warrant introduction of this system 
into general orthotic practice as recommended 
by the Committee on Prosthetics Research and 
Development of the National Academy of Sci
ences—National Research Council (2). 
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LOWER-LIMB ORTHOTIC DESIGNS FOR THE 
SPASTIC HEMIPLEGIC PATIENT 1 

Herbert W. Marx, C.P.O. 

Providing the spastic hemiplegic patient with 
a suitable orthotic device often presents a diffi
cult problem. Since the ultimate goal is realign
ment of the foot-ankle complex and maintenance 
of this alignment during all phases of gait, it is 
evident that the realization of this goal cannot 
always be accomplished by conventional methods 
(1)(2). 

To oppose the equinovarus deformity, counter-
forces in other areas are necessary: 

1. In the frontal plane (Fig. 1), 
a) the medial aspect of the calcaneus, 
b) proximal to the head of the first meta

tarsal, 
c) the shaft of the fibula, 
d) the medial tibial flare. 

2. In the sagittal plane (Fig. 2), 
a) proximal to the gastroc-soleus bulge, 
b) the metatarsal arch, 
c) the instep. 

It becomes obvious that necessary counter-
forces cannot be provided effectively with a 
conventional below-knee orthosis with metal 

Fig. 1. Direction of forces in the frontal plane. 

Fig. 2. Direction of forces in the sagittal plane. 

1 This study is supported in part by Grant Number 
23 P-55029/2-03 from the Social and Rehabilitation 
Service, Department of Health, Education, and Wel
fare. 



uprights; and that, at best, the conventional 
design can only be effective to a very limited 
extent. This is especially true because the man-
machine interface is hardly intimate enough to 
oppose the deforming forces produced by spas
ticity. Therefore, the conventional ankle-foot 
orthosis, even if attached to a well-constructed 
shoe, does not lend itself very well to effective 
control of this type of deformity. Although 
sophisticated alignment principles are usually 
employed in the construction of a conventional 
ankle-foot orthosis, the complex multidirectional 
forces producing this deformity require more 
than a soft shoe-upper and a soft varus-correction-strap. In the conventional orthosis, plantar 
flexion is opposed by the sole of the shoe in 
combination with the plantar-flexion stop. How
ever, even a well-designed shoe shank can only 
oppose mild to moderate spasticity effectively, 
and will hardly suffice for the severely spastic 
patient. Furthermore, inversion, that is, supina
tion of the forefoot combined with varus de
formity in the calcaneus, cannot be sufficiently 
opposed even with a shoe which has firm count
ers. 

This paper presents two devices which have 
been applied successfully at New York University 
Medical Center, Institute of Rehabilitation Med
icine (IRM), for the past several years. The hemi
spiral ankle-foot orthosis, a variation of the 
IRM spiral ankle-foot orthosis, and the solid-
ankle ankle-foot orthosis, which was first de
scribed by Jebsen, et al. (3), have been applied 
in cases where moderate and severe spasticity 
exist. 

THE HEMISPIRAL 
ANKLE-FOOT ORTHOSIS 

The hemispiral AFO (5) (see also article by 
Lehneis in this issue of Orthotics and Prosthetics), 
is made from SADUR 2, a nylon-acrylic com
posite, and has been designed to provide the 
forces necessary for continuous foot-ankle align
ment during gait (Fig. 3). The footplate extends 
from the proximal-plantar margin of the heel pad 
to a point 5 mm proximal to the metatarsal heads. 
On its medial border, flanges extend proximally 
to the head of the first metatarsal to prevent 

forefoot adduction and supination, and at the 
calcaneus, flanges extend proximally to prevent 
varus deviation. 

The spiral section of this orthosis originates 
on the lateral side of the footplate and extends 
almost vertically to the mid-level of the fibula 
at which point it turns posteriorly and attaches 
to the calf band at its medioposterior aspect. 

The calf band, in its horizontal cross section, 
is triangular with a lateral opening approximately 
5 mm smaller than the narrowest mediolateral 
dimension of the ankle. On the medial side, the 
calf-band flange extends proximally to cover the 
medial tibial flare area. 

The triangular shape of the calf band and its 
minimal lateral opening provide a secure anchor 
for the spiral section and allow some degree of 
conformity to transverse rotation of the tibia. 
The pressure of the spiral section against the 
mid-shaft of the fibula and the pressure of the 
calf-band flange against the medial tibial flare 
provide the additional forces necessary to prevent 
deviation of the foot-ankle complex in the frontal 

Fig. 3. The direction of the forces provided by the 
hemispiral AFO. 

2 Teufel Company, Stuttgart, Germany. 



plane (Fig. 3). The forces which prevent equinus 
deviation are provided in the areas of the meta
tarsal arch, the flattened posterior section of 
the calf band, and at the dorsal aspect of the foot, 
by a firmly laced shoe. 

The device is made from material 4 mm thick. 
Its appearance in the flat unmolded state is 
shown in Figure 4 . 

THE POSTERIOR SOLID-ANKLE 
ANKLE-FOOT ORTHOSIS 

While the concept of the solid-ankle laminated 
device was not original at IRM, the present de
sign (Fig. 5) is perhaps more directly related to 
the patient's functional disability. The force sys
tem is similar to that described for the hemispiral 

Fig. 4. The pattern for the hemispiral AFO. S A D U R 4 mm thick is used. Precut kits 
are manufactured by Teufel Co. , Stuttgart, Germany, and are also available through 
distributors. 



AFO. Thus, to control the varus component of 
the equinovarus deformity, the laminate is ex
tended proximally to fit intimately over the 
medial tibial flare, and support is provided be
hind the head of the first metatarsal and over the 
medial aspect of the calcaneus. In addition, a 
counteracting force is provided at the mid-fibula 
level. 

In the sagittal plane, the trim line extends 
anteriorly to the lateral midline to provide effec
tive support (Fig. 6). The proximal medial ter
mination also extends anteriorly to the medial 
midline, while all other areas recede posteriorly 
to the midline. As viewed in the frontal plane, 
the posteroproximal trim line progresses di
agonally across the gastroc-soleus bulge. This 
posteroproximal trim line, however, will only 
be adequate if the dominant deforming force of 
the equinus deformity is relatively less severe. 
When, however, the equinus deforming com-

ponent is dominant, the posteroproximal trim 
line needs to extend horizontally across the 
gastroc-soleus bulge at a level 20 mm below the 
neck of the fibula. 

The solid-ankle AFO is made of a plastic 
laminate with fiberglass matting as the reinforce
ment material. Both polyester and acrylic resins 
have been used. Patient follow-ups have proved, 
however, that the acrylic lamination not only 
produced a lighter device but also a more durable 
one. 

Because a smooth and natural-like transition 
from heel strike to toe-off is virtually impossible 
with the solid ankle (6), a SACH heel and rocker 
bottom are added to the patient's shoe to provide 
simulated plantar flexion at heel strike and a 
nearly normal transition from foot-flat to toe-off. 

The importance of the shoe in these devices 
is frequently underestimated. Although the de
vices in and by themselves provide sufficient 

Fig. 5. Anterior view of a solid-ankle A F O for the 
left leg. 

Fig. 6. A solid-ankle A F O applied to a patient. 



static support for the foot-ankle complex during 
gait, additional support is needed. A good shoe, 
firmly fitted, is required to assure constant con
tact of the foot with the footplate. 

THE CASTING TECHNIQUE 

The need for a plaster cast for the construction 
of an orthosis made from either thermosetting or 
thermoplastic materials is obvious. However, 
the casting technique requires some elaboration, 
since simultaneous stabilization in three planes 
during casting cannot be satisfactorily achieved 
by an orthotist working unaided. Either a second 
pair of hands, or an auxiliary device, is needed. 
Because both AFOs are similar inasmuch as they 
have been designed to provide the same correc
tive force system, the same casting technique 
is applicable to both. In our experience, casting 
in two stages (4) (5) assures a negative cast which 
most closely reflects the desired alignment. 

The two stages are: 
1. The foot-ankle complex is wrapped to ap

proximately the mid-shank level. While the 
plaster bandage hardens, the forefoot-hind-
foot relationship, as well as their relation 
to the shank, is established and maintained. 
The medial aspect of the calcaneus and the 
area immediately proximal to the head of 
the first metatarsal should be compressed 
and contoured. 

2. The proximal section is wrapped to the 
tibial plateau, overlapping the distal section 
by approximately 50 mm. While the plaster 
bandage hardens, the posteroproximal 
section, the medial tibial flare area, and 
mid-shaft of the fibula are compressed. 

In both devices the angular relationship of foot 
and shank must reflect the heel height of the shoe 
to be worn. To assist in achieving this require
ment, a casting board with a vertical alignment 
rod is used. This device reflects the heel height as 
well as the apex of the longitudinal arch (see pre
ceding article). To preshape the metatarsal arch, 
a metatarsal pad is inserted between the layers of 
plaster wrap, while the core of the plaster ban
dage or any other roll of the appropriate diameter 
is placed under the digits to accentuate the con
tours of the metatarsal joints. During this pro
cedure, one of the orthotist's hands stabilizes the 
hindfoot and forces the calcaneus into valgus 
while the other aligns the forefoot and forces it 

into pronation and abduction (Fig. 7). Keeping 
in mind that the negative cast produced should 
reflect proper alignment as well as tissue com
pression in the areas necessary for force applica
tion, the following points must be observed in 
casting for the solid-ankle AFO: 

1. Preshaping of the cast is done with emphasis 
on the plane in which the dominant deform
ing force is present. That is, if the inversion 
component is the stronger, the areas of the 
medial tibial flare, the mid-fibula level, the 
medial aspect of the calcaneus and the area 
directly proximal to the head of the fifth 
metatarsal, are compressed. 

2. If the equinus component is the stronger, a 
flat compression proximal to the gastroc-
soleus bulge, parallel to the knee axis, is 
produced in combination with a well-defined 
metatarsal arch. 

Fig. 7. Casting the distal portion of the leg for either a 
hemispiral AFO or a solid-ankle AFO. 



3. When stabilization in both frontal and sagit
tal planes is required, the cast should reflect 
a combination of both preshaping tech
niques. 

CAST MODIFICATION 

Despite the emphasis on negative cast pre
shaping, further modifications of the positive cast 
are required to assure optimal effectiveness of the 
corrective and supportive forces. The precompressed areas usually need further plaster re
moval, the amount being in the range of 4 to 
8 mm. Plaster buildups of 6 to 8 mm in the areas 
of the lateral malleolus and the base of the fifth 
metatarsal are required for both the hemispiral 
and the solid-ankle AFOs. 

For the solid-ankle AFO, an additional build
up at the anterolateral, mid-fibula area is desir
able to prevent trim-line pressure. 

MOLDING AND LAMINATION 
PROCEDURES 

MOLDING THE HEMISPIRAL 

Before the hemispiral pattern is molded over 
the prepared cast, the edges of the precut plastic 
must be highly polished to remove scratches, and 
thus ensure the durability of the device. For the 
molding procedure, a domestic oven is satisfac
tory, but a commercial oven equipped with 
blower and thermostat is better. 

Before the actual molding process is under
taken, the dry cast should also be heated to 
molding temperature to increase working time 
and reduce the possibility of stresses occurring 
when the plastic is molded over a cold cast. The 
calf band is molded over the cast first and cut to 
length while still in the flexible state. This, as well 
as the footplate-spiral section, is held on to the 
cast by elastic bandages until it has cooled suf
ficiently to maintain its shape. The footplate, 
which in its original form is oversized, the prox
imal termination of the spiral section, and the 
lateral opening of the calf band are trimmed and 
polished to appropriate proportions. 

LAMINATION AND LAY-UP OF THE 
SOLID-ANKLE AFO 

Plastic lamination is done in the conventional 
manner. If acrylic resin is used instead of poly

ester resin a lighter yet more durable device is 
produced. When, in combination with the acrylic 
resin, nylon-tricot with fiberglass matting is used 
instead of the more widely applied nylon stock
inette, improved durability and reduced overall 
weight will result. Depending on the weight and 
height of the patient, the layers of nylon-tricot 
and fiberglass matting varies from 8+6 to 10+8. 

RESULTS AND CONCLUSIONS 

Both devices described have been used success
fully at the Institute of Rehabilitation Medicine, 
New York University Medical Center. Since 
1969, sixty-two patients have been fitted with 
these devices, of which nineteen were of the solid-
ankle design. Most patients required the addition 
of a SACH heel and a rocker bar. 

As with all plastic orthoses, a cast that is well 
precontoured and accurate is mandatory. In 
addition, a preconceived design contour should 
be firmly in the mind of the orthotist during the 
casting procedure so that appropriate forces and 
counterforces can be applied over the proper 
areas while the plaster hardens. 

Although the areas proximal to the head of the 
first metatarsal and the medial aspect of the cal
caneus are subject to high pressures, the medially 
directed force at the mid-level of the fibula fre
quently caused greater fitting problems in both 
of the designs. However, if the lateral pressure 
area is maintained at the mid-fibula level, is dis
tributed as far as possible along the shaft of the 
fibula, and the anteroposterior dimension trim 
line is sufficiently wide, pressure can be avoided 
completely. Precontouring of the cast negative 
as well as appropriate modification of the positive 
model will help in avoiding potential problems. 
In the hemispiral orthosis, care must be taken 
that the lateral origin of the spiral section is ex
tended proximally far enough and is contoured 
appropriately to avoid excessive pressure at the 
proximal edge, a condition that occurs frequently. 
The cast for the solid-ankle AFO should be mod
ified in the lateral anterior aspect to assure suffi
cient spread of load in the anteroposterior di
mension. 
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RESULTS OF A SURVEY OF GRADUATES OF 
LONG-TERM PREPARATORY ORTHORTICS-

PROSTHETICS EDUCATION PROGRAMS 

Michael J. Quigley, C.P.O. 

A survey of the graduates of three schools that 
offer long-term courses was initiated in October 
of 1973 in order to help determine the results 
of these programs. The Committee on Prosthetics 
Research and Development (CPRD) of the Na
tional Research Council (NRC) sent out 180 
questionnaires to graduates of the Chicago 
City College-Northwestern University (NU) 
program 2. New York University (NYU), and 
the University of California, Los Angeles Cam
pus (UCLA). After two follow-up mailings, 162 
graduates (90%) responded to the two-page 
questionnaire. 

The major goals of the survey were to deter
mine: 

• The number of graduates still in practice 
• The number of graduates needing financial 

assistance 
• The number of graduates certified 
• Areas of work responsibility of the graduates 
• Manpower needs. 
A breakdown of the survey results provided 

an abundance of additional information about 
how the graduates of each school fared, their 
average ages, number of laboratories worked in, 
etc. A number of interesting comparisons arose, 
indicating that the graduate's alma mater may 
be a deciding factor on his future. 

PRESENTATION OF RESULTS 

The comparisons are given in order to demon
strate tendencies rather than to imply that one 

school is superior to another. In fact, schools 
that appeared to lack in one area usually more 
than compensated in another area. 

Total Number of Respondents 
Number of Graduates Surveyed 180 
Number of Responses 162 
Percentage of Responses to Total 90% 

The imbalance of responses for the first three 
schools is due to the different number of grad
uates actually contacted in the survey and the 
actual number of graduates from each school, 
which were nearly proportional to the responses. 
Neither Cerritos College nor the University of 

*Due to the small number of respondents, these 
schools are not included in the categorized breakdowns 
and total percentages are generally derived from 158 
respondents. 

1 Staff Prosthetist/Orthotist, Committee on Pros
thetics Research and Development, National Academy 
of Sciences—National Research Council, Washington, 
D.C. 

2 Degree awarded by Chicago City College, actual 
laboratory courses given by Northwestern University, 



Washington was intentionally surveyed. If they 
had been, obviously a higher number of responses 
would have resulted. 

YEAR OF GRADUATION 

The graduating classes of the respondents 
ranged from 1961 to 1973, with an average of 
1969. 

AVERAGE AGE 

The average age of the respondents at the time 
of the survey was 29.1 years. By schools, the 
average ages were: 

School 
NU 
NYU 
UCLA 

Average Age 
25.1 years 
30.6 
33.1 

Graduates from the Northwestern program 
could begin the course immediately following 
high school graduation and graduate with an 
Associate of Applied Science degree in two years. 
New York University students attend a four-
year program and earn a Bachelor of Science 
degree upon successful completion. Students at 
UCLA generally have a degree prior to begin
ning the one-year certificate course. 

AVERAGE TIME IN PRACTICE 
FOLLOWING GRADUATION 

The average time in practice is given as the time 

following graduation. Many of the respondents 
had practiced before entering school, but that 
time was not included. This average for all respon
dents was 3.9 years. 

AVERAGE AGE UPON GRADUATION 

The average age of all respondents at the time 
of graduation was 25 years. 

GRADUATES NOT IN PRACTICE 

Nine graduates no longer practice either 
prosthetics or orthotics, which means 94 percent 
of the graduates remain in the field. This high 
figure directly relates to the large percentage of 
males in the profession. Other professions with 
a larger female populus find that marriages and 
families cause many female practitioners to stop 
practicing or to practice only part time. 

Of the nine graduates not in practice, four are 
in the medical and rehabilitation fields. One is 
working for a vacuum-forming company related 
to orthotics, one is in nursing school, one is 
teaching physical therapy, and one is a rehabilita
tion counselor. None of them is certified. The 
remaining five are in jobs ranging from a truck 
driver to a used-car salesman. Some of the rea
sons given for leaving the field were: (1) could 
not find an interesting or satisfactory job in the 
field (most common reason); (2) reverted to 



former occupation; (3) prejudice against females; 
and (4) allergy to plastics. 

GRADUATES HOLDING 
ADDITIONAL DEGREES 

Additional degrees, generally not in prosthetics 
or orthotics, were held by 49 graduates (31%). 
Degrees ranged from a Bachelor of Science in 
Zoology to a Masters degree in Divinity, but 
generally centered around business, education, 
and therapy. As might be expected, UCLA 
graduates held the greatest number of additional 
degrees as students with previous degrees are 
preferred for acceptance. 

Number of Graduates with Additional Degrees, 
By School 

Northwestern University—8 respondents (12%) 
held additional degrees—all 8 were Bachelors 
degrees, 2 of them from NYU. 

New York University—14 respondents (34%) 
held additional degrees—3 A.A. degrees (2 
from Northwestern, 1 from Cerritos College), 
10 B.S. degrees (1 in occupational therapy, 1 
in physical therapy). 

University of California, Los Angeles—17 re
spondents (34%) stated they held additional 
degrees: 

7 A. A. Degrees (6 from Cerritos College) 
2 B.S. Degrees (1 in occupational therapy, 1 in 

therapy) 
4 B.S. and M.A. Degrees 
3 M.A. Degrees (1 in rehabilitation counseling) 
1 M.A. and Ph.D. Degrees 

FINANCIAL ASSISTANCE 

The major source of financial assistance pre
vious to 1974 has been traineeship grants from 
the Rehabilitation Services Administration (RSA) 
of the Department of Health, Education, and 
Welfare. The other sources, in order of frequency 
were (1) tuition remissions—usually for students 
also working at the school; (2) G.I. Bill; and (3) 
state vocational rehabilitation agencies. 

Forty-two graduates indicated that they did not 
need financial assistance, although 27 of them 
received it. These 42 graduates that did not need 
assistance represent 26 percent of the total num
ber of graduates. Of those that did receive assis
tance, 25 percent did not feel they needed it. This 

indicates that students should probably be screen
ed more carefully before financial assistance is 
awarded. 

CERTIFICATION 
Certification was attained by 110 graduates, 

or 69 percent of the respondents. This is a high 
percentage considering that the average time in 
practice since graduation is only 3.9 years and 
20 of the respondents graduated in 1973. Approx
imately 80 percent of respondents who had gradu
ated prior to 1972 attained certification. 

The certification status varied greatly by 
school, mainly because some schools stress one 
area excessively and because long-term orthotic 
education has become generally available only 
in the last few years. 



The following figures present the number and 
percentage of respondents in each certification 
specialty, by school: 

As can be seen from the figures, certified 
orthotists make up less than 5 percent of certified 
graduates. The three C.O.s from NU all grad
uated from that school's first orthotic program 
in 1972 and six of the remaining seven C.O.s are 
from NYU, where both prosthetics and orthotics 
are taught equally. Both prosthetics and orthotics 
have been taught at UCLA for years but pros
thetics has been heavily stressed over orthotics, 
resulting in the imbalance from that school. 
Another interesting note is that at NU, A.A. 
degree students are taught either prosthetics or 
orthotics, not both, but this school still has the 
same percentage of C.P.O.s as UCLA, according 
to this survey. 

The average age of certified graduates at the 
time of the survey, not at the time when they were 
certified, was 27.2 years for a CO. , 29.8 years 
for a C.P., and 28.2 years for a C.P.O. Note that 
the average age for a C.P.O. graduate is younger 
than that for the C.P. graduate. This can probably 
be attributed to the age difference between NYU 
and UCLA graduates upon graduation. Gradu
ates from NYU are an average of three years 
younger than UCLA graduates. 

Another interpretation of the figures could 

be that the vast majority of graduates attain certi
fication in prosthetics first and then add on 
orthotic certification at a later date. It may be 
that prosthetics is stressed more in the schools, 
it is a more attractive field, or it is easier to learn. 

PATIENTS TREATED PER DAY 

Graduates were asked to estimate how many 
patients per day they were responsible for treating. 
The range of patients per day treated was from 0 
to 25. The average for all respondents who actu
ally treated patients (excluding those that did not 
respond or stated they treated none) was 4.9 
patients per day. Certified practitioners had a 
higher average. 

JOB RESPONSIBILITIES 

Graduates were asked to check their job re
sponsibilities from eight categories in the ques
tionnaire. Two categories, research and informal 
teaching, were so vague that nearly all respon
dents indicated they were involved in both, there
fore they are not shown. A surprising number of 
respondents indicated that they were involved in 
formal teaching in a school, although, upon 
further investigation, it was determined that only 
seven respondents were full-time instructors at 
prosthetics-orthotics schools. The remainder 
teach either part time or lecture occasionally at 
these schools or teach different subjects else
where. 

There were 121 graduates involved in fabrica
tion, or 75 percent of the total. This fact, coupled 



with the recurring statement that technicians were 
needed, implies that the majority of job openings 
could be filled by technicians or assistants, rather 
than practitioners. Practitioners, by definition, 
generally are not actively involved in the fabrica
tion process. Many areas have a surplus of prac
titioners but need technicians. When an abun
dance of technicians and assistants become avail
able, a problem arises similar to that in other 
fields, wherein the job market is tight for pro
fessionals or journeymen because employers pre
fer to hire assistants or technicians who generally 
only lack judgmental experience, will do the 
necessary work, and are willing to accept a lower 
wage. 

JOB MOBILITY 
Graduates were requested to list the number 

of laboratories in which they had worked since 
graduation in order to determine their job mobil
ity. Whether the mobility was upward or lateral 
was not determined. The 162 respondents held 
280 jobs in laboratories since graduation, or an 
average of 1.75 jobs in 3.9 years. The number of 
jobs per graduate ranged from 0 to 4. 

MANPOWER NEED 

Graduates were asked if they would hire an
other graduate if they were responsible for em
ploying new practitioners. Although 113 re
spondents indicated they would hire a graduate, 
only 91 responded to further questions regarding 
starting salaries and degree preference. 

The general tendency of respondents was to 
prefer to hire graduates from schools from which 

they themselves had graduated. The small num
ber of respondents that preferred the certificate 
graduates was probably due to general ignorance 
of what the certificate actually is. The certificate 
(from UCLA) is awarded to students successfully 
completing a 9-12 month course in prosthetics 
and orthotics and the general entrance require
ment for the program is a prior degree (not nec
essarily in a related field) and other entrance 
examinations. 

NEED BY DISCIPLINE 

Graduates were asked whether they felt the 
greatest need for practitioners was in prosthetics, 
orthotics, or both fields. 



The results shown definitely relate to the present 
needs of the field. One might think that prosthetists would indicate a need for prosthetists or 
for both prosthetists and orthotists, but the fact 
that 45 respondents indicated they felt the greater 
need was for orthotists in the field means that the 
manpower shortage in orthotics must be very 
obvious. A recent article 3 states that there are 
approximately 476 prosthetics patients to one 
prosthetist but the ratio of potential orthotics 
patients to orthotists is 4,000/1. A greater man
power shortage in orthotics is apparent despite 
the fact that most orthotics patients are not per
manently disabled, as are prosthetics patients. 

This situation does not appear to be changing. 
As stated previously, the vast majority of gradu
ates prefer to be certified in prosthetics even 
though eight of the nine educational outlets in 
this field include orthotics in their programs. 

ADDITIONAL SHORT-TERM COURSE 
ATTENDANCE 

Sixty of the graduates attended a total of 142 
short-term orthotics and prosthetics courses in 
addition to their long-term courses. The most 
common short-term courses taken were "Immedi
ate Postoperative Fitting Techniques" and "Ad
vanced Below-Knee Prosthetics." These two 
courses were so well attended that there are very 
few prosthetists in the field presently who have 

not attended them but want to. The next most 
common course attended was "Fracture Or
thotics." Graduates from Northwestern Uni
versity, who were educated in either prosthetics 
or orthotics but not both, very often attended 
short-term courses in the second discipline follow
ing graduation. Graduates averaged taking less 
than one short-term course (.9) per person follow
ing graduation, although of the graduates that 
took any short-term courses, the average was 2.4 
courses per person. The range of short-term 
courses taken was from one to seven. A mounting 
interest in courses on powered orthoses and 
prostheses was also apparent. 

SUMMARY 

A survey of the graduates of long-term 
programs from Northwestern University (degree 
awarded by Chicago City College), New York 
University, and the University of California, 
Los Angeles Campus, was made. Responses to 
the survey were made by 162 graduates. Results 
indicated an average age upon graduation of 25 
years, and an average age at the time of the 
survey of 29 years. Seventy percent of the grad
uates were certified, although they had only been 
out of school for an average of 3.9 years. Only 
10 of the 110 certified graduates were certified 
orthotists. Additional degrees were held by 
31 percent of the graduates and 30 percent indi
cated they were involved in teaching some type 
of formal education. Most graduates treated 
about five patients per day. Graduates felt there 
is a greater shortage of manpower in orthotics 
than in prosthetics. 

3 LeBlanc, M.A., Patient Population and Other Esti
mates of Prosthetics and Orthotics in the U.S.A., Orth. 
and Pros., 27:3:38-44, September 1973. 



AMPUTEE SURVEY, 1973-74: 
PRELIMINARY FINDINGS AND COMPARISONS* 

Hector W. Kay+ and June D. Newman++ 

Twelve years ago the late Dr. Harold W. 
Glattly, then Executive Secretary of the Com
mittee on Prosthetic-Orthotic Education, Divi
sion of Engineering and Industrial Research, 
National Research Council, initiated a study 
which he hoped would provide answers to a 
number of questions: What was the character, 
in terms of sex, age, and site, of the group of 
individuals in the United States upon whom limb 
amputations were being performed? What pro
portion of the amputations derived from the 
various causes—disease, trauma, and tumor? 
With the cooperation of the American Orthotics 
and Prosthetics Association and the help of some 
200 prosthetics facilities in the United Slates, 
Glatlly's "Amputee Census" 2 provided a profile 
of the "new"** amputee population being fitted 
with prostheses during a two-year period. Per
haps even more significantly, this study brought 
into sharp focus major regional differences in 
surgical practices for elderly patients with vas
cular disease. 

In 1973 the Committees on Prosthetics Re
search and Development and Prosthetic-Orthotic 

Education (CPRD-CPOE), Division of Medical 
Sciences, National Research Council, felt that 
it would be appropriate to conduct a survey of 
the same type so that any changes in the amputee 
population since the October 1961-September 
1963 study could be identified. As Dr. Glattly 
himself reported, the term "Amputee Census" 
was a misnomer because no actual head count of 
amputees on a national basis was involved. 
Hence, the new study was initiated as a "survey," 
rather than a "census." Again, almost 200 pros
thetics facilities of the American Orthotic and 
Prosthetic Association volunteered to accumulate 
data on "new" amputees fitted with prostheses 
from July 1, 1973, through June 30, 1974. 

When Glattly reported the first results1 of his 
"Amputee Census," he compared the findings to 
"early election returns," which can often reveal 
national trends, but are sometimes misleading. 
A similar analogy may be made in presenting this 
first sampling of statistical data for the 1973-74 
Amputee Survey conducted by CPRD-CPOE 
in collaboration with the American Orthotic and 
Prosthetic Association. Some ratios will prob
ably not change significantly during the re
mainder of the one-year study. These stable 
ratios might include males to females, right to 
left sides, and upper to lower limbs. Findings with 
regard to the frequency of less common levels of 
amputation may be unreliable at this date be
cause of the small number of cases in the present 
sample. Information relating to these amputation 
levels should become more accurate as the study 
progresses. 

Dr. Glattly's earlier report1 was based on data 
from more than 5,000 patients accumulated dur
ing an 11-month period. The current sampling 
(Table 1) is much smaller, and is based on 1,654 
cards received primarily during the three months 
of August, September, and October, although 

*This report was prepared as part of the work under 
Contract V101(I34)-P -75 between the Veterans 
Administration and the National Academy of Sciences, 
and Contract No. SRS 72-6 between the Social and 
Rehabilitation Service, Department of Health, Educa
tion, and Welfare, and the National Academy of 
Sciences. 

+ Assistant Executive Director, Committees on Pros
thetics Research and Development and Prosthetic-
Orthotic Education (CPRD-CPOE), Division of 
Medical Sciences, National Academy of Sciences— 
National Research Council. 

++ Editorial Associate, CPRD-CPOE. 

**A "new" case was defined as an amputee who had 
not been fitted previously. Those patients who were 
furnished replacement prostheses were not included. 



TABLE 1 
the period covered spans July 1 through Novem
ber 15, 1973. Nevertheless, it is evident that 
some different trends have been occurring in the 
amputee population of the United States in the 
10-plus years since completion of the Glattly 
study. 

Glattly's findings clearly documented the fact 
that a significant number of surgeons were per
forming amputations for vascular disease at an 
unnecessarily high level, thereby depriving many 
amputees of maximal rehabilitation. In the years 
following the publication of his final report, 2 

much attention and publicity were given to the 
advantages of preserving the knee joint in elderly 
patients, and surgeons were urged to amputate 
at lower levels whenever possible. During that 
same period, immediate postsurgical fitting pro
cedures came to the attention of Americans. Dr. 
Marian Weiss of Konstancin, Poland, had pre
sented his modification of the Berlemont tech

nique at the Sixth International Prosthetics 
Course in Copenhagen in 1963 3 and visited the 
United States later that same year. Subsequently, 
the Prosthetics Research Study in Seattle applied 
the procedures to extensive numbers of patients, 
and the practice was later introduced to physi
cians through short-term courses at the university 
level. The resultant trend toward an increase in 
the rate of below-knee amputations is clearly 
evident in the data obtained so far. Glattly's early 
report showed a 44 percent incidence of above-
knee and a 37 percent incidence of below-knee 
amputations. In the current findings (Table 2) 
below-knee amputations have risen to 57.3 per
cent, with a consequent decline to 29.3 percent 
in above-knee amputations. 

Male amputees outnumbered their female 
counterparts by a ratio of roughly 4 to 1 in the 
first Glattly report, based on the higher incidence 
of amputation in males by reason of trauma and 



TABLE 2 

TABLE 3 

TABLE 4 

disease. The gap is narrowing. Current findings 
(Tables 3 and 4) indicate a ratio of approximately 
2-1/2 to 1, males over females, for all amputa
tions. 

Moreover, Glattly reported that amputations 
by reason of injury were nine times as frequent 
in males as in females. The trauma ratio is 7.33 
to 1 in the present report (Table 5), with males 
still in the lead. "Women's Lib" notwithstand
ing, vocational hazards apparently are still 
greater for males, although decreasingly so. For 
amputations performed by reason of disease, 
the ratio of males to females has remained fairly 
constant. Dr. Glattly found that such amputa
tions were 2-1/2 times as frequent in males as in 
females. This corresponds roughly to the current 
finding of a 2-to-1 ratio of male to female 
amputees (Table 5). 

Disease is the major reason for amputation, 
and its incidence, particularly for those persons 
over 50 years of age, is increasing. For males of 
all ages, disease is the cause of amputation in 
66.8 percent of cases reported—a substantial 
increase over Glattly's figure of 54.0 percent. For 
females of all ages, there is a similar rise to 79.6 
percent from the earlier figure of 70.4 percent. 
Individuals 51 years of age and older constitute 
88 percent of the entire group amputated because 
of disease, and 62.2 percent of all amputations for 
any reason. 

As in the Glattly study, trauma is the second 
most frequent reason for amputation, although 
the trend seems to be downward. Current find
ings (Table 5) are that trauma accounts for 28.0 



TABLE 5 

TABLE 6 

percent of amputations in males, down from 
Glattly's 14.3 percent to the current rate of 9.4 
percent. 

Findings regarding congenital amputations 
and amputations due to tumor are roughly com
parable to those reported by Glattly (Table 5). 
His figures for male and female amputations 
due to tumor were 120 and 122, respectively; 
CPRD-CPOE/AOPA Amputee Survey figures 
are 33 and 35. Similarly, Glattly reported that 
103 males and 84 females were amputated for 
congenital deficiencies; current findings are 28 
and 17. Percentage comparisons are close. 

The current study shows a definite correlation 
between age and cause of amputation (Table 6). 
While disease is the major cause of amputation 
for persons 50 years of age and older, trauma is 
the major cause of amputation for persons under 
50. Those in the latter category account for 80.5 
percent of all trauma amputees and 61.5 percent 
of all amputees below the age of 50 who lose their 
limbs for any reason. 

To his apparent surprise, Dr. Glattly found 
that 13.5 percent of all lower-limb amputees being 
fitted with prostheses were 70 years of age and 
over. Current figures for the presently smaller 

study group show that this figure has risen even 
higher —to 23 percent (Table 7). 

As was found in the early Amputee Census re
port, there is no significant difference between the 
incidence of left- and right-sided amputations in 
either the upper or lower limbs (Table 8). 



TABLE 7 

TABLE 8 

TABLE 9 

For the last table (Table 9) comparisons for 
above- and below-knee levels only are shown, 
since percentages for other amputation levels 
would be misleading in view of the few cases re
corded thus far. Again, the proportionate increase 
in incidences of disease and decrease in trauma 
are evident. Percentage increases in disease for 
both males and females at the AK level are slight, 
but at the BK level the increases are significant. 
Trauma-related amputations show a definite de

cline at the BK level for both sexes, but at the AK 
level changes in percentages from Glattly's first 
report are minor. Comparisons of incidences of 
amputations for tumor and congenital defi
ciencies may or may not be significant in view of 
the small numbers of amputees in these two 
categories. 

Glattly's results were essentially the same for 
the 12,000 cases reported at the end of his two-
year study as they were for the 5,000 cases accu
mulated during the initial 11-month period. In 
the current survey an attempt will be made to de
termine how few cases will suffice to give an 
accurate picture of the types of amputees being 
fitted with prostheses. The present study, there
fore, will be terminated on June 30, 1974, at which 
time a further analysis of the data will be made 
and compared to these preliminary findings. If 
no substantial changes in ratios are evident in the 
larger number of cases, it will be assumed that the 
data accurately reflect current incidences of 
amputation practice. The results of the later anal
ysis will also be compared with those presented in 
Glattly's final report. 

It is hoped that, as greater numbers of cases are 
reported, the accumulated data will document the 
character and magnitude of the amputee popula-



tion of the United States in terms of sex, levels of 
amputation, causes of amputation, and ages of 
amputees. 

For those individuals with long experience in 
the field of prosthetics who have developed their 
own impressions of the amputee population, the 
figures presented here and in the future report 
may contain few surprises. For others, the new 
reading may reveal significant changes in amputa
tion statistics. 

To all of the facility owners and managers who 
have participated in this survey to date, we ex
press gratitude and look forward to continued 
support. Those who are not as yet contributing 
to the study are urged to do so immediately. The 

final available information will only be as com
plete and accurate as the data supplied by the 
facilities. 
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OF CONGENITAL LIMB DEFICIENCIES* 

The Recommendations of a Working Group of the International Society for Prosthetics and Orthotics 
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During the past twenty years the treatment of 
children with limb deficiencies has emerged as a 
recognizable subspecialty in both medicine and 
prosthetics. These children can be divided into 
two broad categories—those whose amputations 
are acquired as the result of trauma or disease; 
and those who are born with a limb defect or 
anomaly. 

With the first group, classification of the 
presenting condition usually poses little difficulty 
either nationally or internationally as the terms 
used are common throughout the world. For 
example, a partial limb loss described as a short-
below-elbow stump in English would be reported 
as a kurzer Unterarmstumpf in German, and 
the translation is straightforward. However, in 
the case of congenital deficits or anomalies, the 
situation has been quite the reverse in that dif
ferent systems of nomenclature are used in dif
ferent parts of the world. In some cases there are 
even different systems in use within the same 
country. 

TWO PRIME SYSTEMS 
OF TERMINOLOGY 

The two mainstreams of nomenclature for 
congenital limb deficiencies are those developed 
and in vogue in the United States of America; 
and those which originated in Germany and are 
used extensively in European countries: 

U.S. TERMINOLOGY 

In the U.S.A. the classic work of Frantz and 
O'Rahilly (2), published in 1961, provided a clear, 
concise, and comprehensive system of nomencla
ture which was rapidly adopted by clinicians in 
that country. However, although this system 
offered many advantages, it did contain a num
ber of terms, chief among them hemimelia, which 
were unacceptable to European orthopedic sur
geons. Figure 1 shows the elbow-disarticulation 
and knee-disarticulation types of what might be 
called true forms of terminal transverse hemi
melia, or half a limb. Figure 2 shows the above-
elbow and above-knee forms of the same defect. 
Figure 3 illustrates the deficiency classified as 
terminal transverse partial hemimelia. The ter
minal longitudinal defects identified as complete 
paraxial hemimelia are shown in Figure 4 and 
the incomplete forms of these deficiencies are 
shown in Figure 5. The complete and incomplete 
forms of the intercalary longitudinal type of 
paraxial hemimelia are indicated in Figures 6 and 
7. Hemimelia literally means half a limb, which 
may be variously interpreted as being present, 
absent, or affected. Hence these terms admittedly 
could be somewhat confusing to the uninitiated. 

In an effort to eliminate features of the 
Frantz-O'Rahilly system that were objection
able to overseas clinicians, and to provide a 
means for classifying conditions not possible by 
that system, a proposed revision of the Frantz-
O'Rahilly scheme was published in 1966 (1). This 
revision eliminated the term hemimelia by re
ferring to all partial-limb absences as meromelias, but it did retain the four major Frantz-

*Prepared for the Group by Hector W. Kay, As
sistant Executive Director, Committee on Prosthetics 
Research and Development, Division of Medical 
Sciences, National Research Council, Washington, D.C. 



Fig. 1. Absence of forearm and hand, or leg and foot. 

Fig. 2. Absence of part of arm and all of forearm and 
hand, or part of thigh and all of leg and foot. 

Fig. 3. Absence of part of forearm and hand, or part of 
leg and foot. 

Fig. 4. Absence of the radius and the corresponding 
skeletal elements of the wrists and hand, or absence 
of the tibia and the corresponding skeletal elements 
of the ankle and foot. 



Fig. 5. Absence of part of the radius and the corre
sponding skeletal elements of the wrist and hand, or 
absence of part of the tibia and the corresponding 
skeletal elements of the ankle and foot. 

Fig. 6. Absence of one of the skeletal elements of the 
forearm (or leg, not shown). 
Fig. 7. Partial absence of one of the skeletal elements 
of the leg (or forearm, not shown). 

Fig. 8 (left). Duplications: foot. Fig. 9 (middle). Over
growth: foot. Fig. 10 (right). Congenital circular con
striction band syndrome: leg. 

O'Rahilly categories (terminal transverse, ter
minal longitudinal, intercalary transverse, and 
intercalary longitudinal), as shown in the pre
viously cited illustrations (Figs. 1 through 7). 
However, instead of serving to replace the orig
inal Frantz-O'Rahilly classification system in 
the U.S.A., the proposed revision came into use 
as an additional classification method, i.e., it 
has been adopted by some practitioners while 
others have continued to use the original Frantz-
O'Rahilly terminology. 

The third component in the U.S. picture is the 
classification procedure first proposed by Swan-
son in 1964 (6) and amplified in 1966 (7). This 
system covers soft tissue as well as skeletal con
siderations, and such anomalies as duplications 
(Fig. 8), overgrowth (Fig. 9), and the congenital 
constriction band syndrome (Fig. 10) which are 
not included in the other (skeletal deficiency) 
classifications. 

GERMAN TERMS 

In Germany nomenclature for the classifica
tion of limb deficiencies followed a different 



course and by the early 1960s such terms as 
peromelia, ectromelia, and dysmelia, which are 
not used at all in the U.S.A., were common in the 
German literature (3,4,5). The only terms in fact 
on which there has been some degree of general 
agreement in Europe and America have been 
amelia and phocomelia (Figs. 11 through 14). 
It remained for Willert and Henkel in 1969 (8, 9) 
to attempt a systemization of the German nomen
clature based on a pattern of orderly "Reduktion" or progression in the severity of a defect, 
and characterized by such terms as hypoplasia, 
partial aplasia, and total aplasia (Fig. 15). 

THE DUNDEE WORKSHOP 

It was against this background then that a 
working group met in Dundee, Scotland, under 
the auspices of the International Society for 
Prosthetics and Orthotics, in June 1973, charged 
with the responsibility of proposing a terminol
ogy which might be acceptable internationally. 

The proceedings opened with brief presenta
tions by members of the working group concern
ing terminology systems in current use, plus 
some preliminary thoughts as to procedures for 
the development of some unanimity of opinion 
on nomenclature. 

In the discussion which followed it was readily 
agreed that, while the use of words derived from 
Greek and Latin roots was common in medicine 
and was theoretically attractive for a classifica
tion nomenclature, the implementation of this 
practice in the past had led to considerable con
fusion. People had tended to invent Greek- or 
Latin-derived words and attach their own special 
meanings to them. Moreover many languages 
in the world were not related to the classical 
languages and translations were sometimes diffi
cult. Hence it was decided to eliminate such terms 
as peromelia, ectromelia, hemimelia, and meromelia, and attempt to describe deficiencies in the 
simplest yet most precise language which would 
be understandable by all in the English-speaking 
world and be easily translatable into other lan
guages. 

SUBCATEGORIES 

Attention was directed to a consideration of 
the four basic categories of limb deficiencies 
proposed in the original Frantz-O'Rahilly work. 
These categories were: 

Fig. 11. Absence of entire limb. 

Fig. 12. Absence of the skeletal elements of the arm and 
forearm with the hand attached to the trunk, or absence 
of the elements of the thigh and leg with the foot 
attached to the trunk. 



Fig. 13. Absence of arm elements with forearm attached 
directly to the trunk, or absence of thigh elements with 
leg attached to the trunk. 

Fig. 14. Absence of leg elements with foot attached 
directly to the thigh, or absence of forearm elements 
with the hand attached to the arm. 

Fig. 15. Distal form of ectromelia. a, Tibia hypoplasia; 
b. Partial tibia aplasia; c, Subtotal tibia aplasia; d, Total 
tibia aplasia. 

Unanimity of opinion was reached immedi
ately concerning terminal transverse conditions, 
i.e., those presenting a congenital amputation-
type stump. However, the existence of true inter
calary deformities was questioned. 

After considerable discussion and review of 
prior presentations involving both x-rays and 
diagrammatic representations of limb deficien
cies, general agreement was reached that true 
intercalary deficiencies rarely if ever existed. It 
was postulated that all "phocomelias" or "inter
calary deficiencies" had some terminal manifesta
tion—be it a tarsal or carpal aberration, a defect 
of a finger or toe, or a deficiency of muscle, ten
don, skin or nail. From this evolved an approach 
to classification which suggested that these 
intercalary defects were in reality variable degrees 
of longitudinal deficiencies. It was concluded 
that with the single exception of the previously 
mentioned transverse deficiencies all others were 
a manifestation of some longitudinal aberration 
in the formation of parts—thus even that condi
tion described as "hypoplasia" of a limb or 
skeletal element in reality had a longitudinal (in 
the sense of the long axis of each bone) failure. 
Similarly, although "phocomelia" had a major 
manifestation of failure of formation in the long 
bones, there was also a lesser and perhaps min
imal failure in the peripheral elements which, 
although present, were never truly normal. This 
concept of progressive longitudinal reduction can 
be carried to a point where only a single digital 
remnant of a limb remains and ultimately to the 
situation in which even this vestigial peripheral 
element failed to form—the true amelia. This, 
therefore, might be considered a maximum lon
gitudinal deficiency although presenting as a 
transverse-type defect. For simplicity of designa
tion, however, amelia might best be categorized 
as a transverse deficiency. It was recognized that 
in clinical practice the use of such well-established 
terms as amelia, phocomelia, and proximal 



femoral focal deficiency (PFFD) would likely 
continue. 

Based on this line of reasoning, a decision was 
reached to consolidate all limb deficiencies into 
two groups: 

1. Transverse 
2. Longitudinal 

The transverse defects would encompass all 
so-called congenital amputation-type conditions 
and include what heretofore were referred to as 
terminal transverse deficiencies. The second 
major category would then become the longi
tudinal deficiencies which would encompass in 
effect all deficiencies which were not in the trans
verse category. It was agreed that the longitudinal 
category would require subdivision into 1) proxi
mal longitudinal, 2) distal longitudinal, and 
3) combined longitudinal deficiencies. 

In further discussion of subdivisions under 
these two major categories, it was generally 
agreed that transverse deficiencies could be 
described and characterized by the level at which 
the limb terminated, but that in the longitudinal 
deficiencies such a description was unnecessary 
and that each deficiency could be described by 
naming the bone(s) affected and indicating 
whether they were completely or partially absent. 
It was recognized that conditions referred to as 
hypoplasia or underdevelopment in any one or all 
of the bones of the limb did exist, and could be 
described in the proximal, distal, or the combined 
form, again by naming the bone(s) affected and 
indicating the presence of hypoplasia. 

OVERALL CLASSIFICATIONS OF 
MALFORMATIONS 

At the request of Dr. Swanson the overall 
classification for congenital malformations, 

which had been accepted previously by the 
American Hand Society, was considered. This 
system encompassed seven categories: 

I. Failure of formation of parts 
II. Failure of differentiation (separation) 

of parts 
III. Duplication 
IV. Overgrowth (Gigantism) 
V. Undergrowth 

VI. Congenital constriction band syndrome 
VII. Generalized skeletal abnormalities. 

While there was tacit acceptance of the ration
ality of these categories, it was unanimously 
agreed that the prime and virtually sole concern 
of the workshop was with nomenclature and 
classification in congenital skeletal limb de
ficiencies. In terms of the classification cate
gories listed above these conditions would 
generally fall into the grouping designated as 
"failure of formation of parts," although some 
conditions might also involve failure of differen
tiation of parts, e.g., synostosis, or even occa
sionally undergrowth, e.g., a radius which was 
complete but hypoplastic. 

PROPOSED 
INTERNATIONAL NOMENCLATURE 

FOR CLASSIFICATION OF 
DEFICIENCIES 

The workshop members then proceeded to 
the development of a schema which was unani
mously proposed for international adoption, 
as follows: 



FAILURE OF FORMATION OF PARTS 

DISCUSSION 

A few illustrations are presented to clarify 
the application of this classification procedure. 
It should be noted that in each case the designa
tion indicates the level of absence; it being under
stood that all skeletal elements distal to that level 
are also absent. Each classification would, of 
course, include right (R), left (L), or bilateral 
(Bil). 

1. Complete absence of an upper or lower limb 
(Figs. 16 and 17) would then be a transverse 
deficiency—arm (Ar), or thigh (Th), complete. 

The term amelia (Fig. 11) would probably con
tinue in clinical use to characterize this condition. 

2. A transverse deficiency, Ar, upper, would 
indicate a short-above-elbow amputation-like 
limb which terminated in the upper third of the 
humerus (Fig. 18); a transverse deficiency, Th, 
lower, would be the term applied to a long above-
knee amputation-like stump which terminated in 
the distal third of the femur (Fig. 19). 

3. An elbow-disarticulation-type deficit (Fig. 
20) would be classified as a transverse deficiency, 
forearm (Fo), complete; while below-elbow-type 
stumps would be designated Fo, upper, middle, 



or lower, depending on the third of the forearm 
in which the limb terminated (Figs. 21, 22, and 
23). 

4. For transverse deficiencies which terminate 
in the carpal, tarsal, metacarpal, metatarsal, 
and phalangeal areas, only the designations com
plete and partial are used to denote the level of 
loss in that particular area. For example, Carpal 
(or Ca), complete, would indicate a wrist-disarticulation-type stump (F-O'R's acheiria); MC, 
complete, a F-O'R adactylia, and Ph, complete, 
a F-O'R aphalangia (Figs. 24-A, 24-B, and 24-C). 
If for example one row of carpals still remained, 
the term used would be Ca, partial (Fig. 25). 

It is obvious that although all limb deficiencies 
will fall into the broad categories of upper- or 
lower-limb deficits it is unnecessary to spell out 
this identification in classifying them, since the 
information will be self-evident from the bone(s) 
named. 

In developing the examples presented the 
author found it tedious to write out the general 
category each time. He suggests, therefore, that 
the abbreviation (T-) from earlier classification 
systems be used. Fully abbreviated then the 
deficit shown in Figure 18 would be written: 
(T-), R, Ar, upper. 

Fig. 16. A transverse deficiency—right, arm (Ar), 
complete. 

Fig. 17. A transverse deficiency—right, thigh (Th), 
complete. 

Fig. 18. A transverse deficiency—right, Ar, upper. 



Fig. 19. A transverse deficiency—right, Th, lower. Fig. 21. A transverse deficiency—right, Fo, upper. 

Fig. 20. A transverse deficiency—right, forearm (Fo), 
complete. 

Fig. 22. A transverse deficiency—right, Fo, middle. 



Fig. 23. A transverse deficiency—right, Fo, lower. 

Fig. 24-A. A transverse deficiency—right, carpal (Ca), 
complete. 

Fig. 24-B. A transverse deficiency—right, metacarpal 
(MC), complete. 

Fig. 24-C. A transverse deficiency—right, phalangeal 
(Ph), complete. 



Fig. 25. A transverse deficiency—right, Ca, partial. 



2. Longitudinal Deficiencies 

ALL BONES NAMED TO BE DESIGNATED AS PARTIALLY OR COMPLETELY ABSENT 



DISCUSSION 

Obviously the application of the proposed 
schema for longitudinal deficiencies is consider
ably more complex than that involving the trans
verse variety. However, if we proceed from the 
simplest situation to the more complicated and 
relate new terms to old, a pattern is readily dis
cernible. It should be noted that the principle 
followed in earlier systems, that of naming bones 
that were absent rather than those that were pres
ent, is also followed here. While the term inter
calary has been eliminated from the proposed 
international terminology, this condition, both 
in its transverse and longitudinal form, can be 
described readily in the new system. 

1. A longitudinal deficiency (proximal) Hu or 
Fe, complete, would correspond to the intercalary 
transverse defect—proximal phocomelia—of 
Frantz-O'Rahilly (Fig. 26). Similarly the distal 
forms Radial-Ulnar (Ra-Ul) or Tibial-Fibular 
(Ti-Fi), complete, would correspond to Frantz-
O'Rahilly's distal phocomelia (Figs. 27 and 28). 

2. In other distal forms, Radial (Ra), Ulnar 
(Ul), Tibial (Ti), or Fibular (Fi), complete, would 
be the new terms for the old Frantz-O'Rahilly 
intercalary longitudinal defects—complete par-

Fig. 26. A longitudinal deficiency—right, humeral 
(Hu), complete. 

Fig. 27. A longitudinal deficiency—right, radial-ulnar 
(Ra-Ul), complete. 

Fig. 28. A longitudinal deficiency—right, tibial-fibular 
(Ti-Fi), complete. 



axial hemimelia radial, ulnar, tibial, or fibular 
(Fig. 29). Ra, Ul, Ti, or Fi, incomplete, would, 
of course, be the incomplete forms of these same 
conditions (Fig. 30). 

3. Samples of distal forms which also involve 
hand or foot elements would be a) Ra, complete; 
Ca, partial; MC 1.2, complete; Ph 1.2, complete, 
to describe what had been known heretofore as 
the terminal longitudinal deficiency—complete 
paraxial hemimelia, Radial, of Frantz-O'Rahilly 
(Fig. 31); or b) Ti, partial; Ta, partial; MT 1.2, 
complete; Ph 1.2, complete, to describe the defect 
shown earlier as incomplete paraxial hemimelia, 
Tibial, in the Frantz-O'Rahilly terminology 
(Fig. 32). 

4. Combined types of longitudinal deficiencies 
would essentially be those erstwhile phocomelias 
in which elements were defective or absent at all 
levels of a limb. An example is shown in Figure 
33 from Willert and Henkel. Described by these 
authors as an "Axiale Form der Ektromelie" 
(kurzer Achsentyp mit radio-ulnarer Synostose), 
its full description in the proposed international 
terminology would be a longitudinal deficiency; 
Hu, complete; Ra and Ul, partial with synostosis; 
Ca, partial; MC 1.2, complete; and Ph 1.2, com
plete. Clinically the condition would doubtless 
still be called a phocomelia, or perhaps a prox
imal phocomelia. 

It should be emphasized that in the longitudinal 
deficiencies only the absent bone (or bones) is Fig. 29. A longitudinal deficiency—right, Ul, complete. 

Fig. 30. A longitudinal deficiency—right, Fi, partial. 

Fig. 31. A longitudinal deficiency—right, Ra, complete; 
Ca, partial; MC 1.2, complete; Ph 1.2, complete. 



Fig. 32. A longitudinal deficiency—right, Ti, partial; 
Ta, partial; MT 1.2, complete; Ph 1.2, complete. 

Fig. 33. A longitudinal deficiency—left, Hu, complete; 
Ra and Ul, partial, with synostosis; Ca, partial; MC 1.2, 
complete; and Ph 1.2, complete. 

cited no assumptions being made that more distal 
elements are also absent. 

Again it is evident that, while the categories 
of UL and LL, and proximal, distal, or combined 
would be useful in organizing statistical or census 
data, these terms are not essential for classifica
tion. As in the transverse deficiencies this infor
mation is self-evident from the bone(s) named. 

In preparing the examples for this paper the 
author again found it tedious to have to write out 

"a longitudinal deficiency" each time. Use of an 
abbreviation L slash in parentheses (L/)-to avoid 
confusion with L for left-is proposed. 

It should also be emphasized that the examples 
presented in this section are for illustrative pur
poses only. Some of the deficiencies classified 
may not exist clinically in as "pure" a form as 
depicted here. 

FURTHER RECOMMENDATIONS 

Following the development of the proposed 
international nomenclature as described, mem
bers of the working group tried out the new sys
tem by reclassifying a number of the deficiencies 
presented in slides earlier in the workshop. No 
difficulties were experienced. However, it was 
recognized that more extensive trials were desir
able. Members of the workshop agreed to con
tinue trying out the new system themselves but 
also recommended that field trials be carried out 
internationally under the auspices of the Inter
national Society for Prosthetics and Orthotics. 
These trials would be conducted in the U.S.A. 
through the medium of the Subcommittee on 
Child Prosthetics Problems of the Committee on 
Prosthetics Research and Development; and else
where in the world through selected child am
putee clinics. Plans are now being made to imple
ment these recommendations. 

It was further recommended that the proposed 
international terminology for the classification of 
congenital limb deficiencies, as described in this 
paper, be brought to the attention of the World 
Health Organization for possible inclusion in the 
revision of standard nomenclature now being 
undertaken by that body. This recommendation 
has since been followed. 
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TECHNICAL NOTES 

COSMETIC SHAPING OF A PROSTHESIS 

After the prosthetist has achieved an alignment 
and prosthetic fit that are satisfying to him and 
the patient, the next factor to consider is cosmesis. Smooth-flowing lines and flawless lamina
tion can do much to help achieve good appear
ance. 

A little time in shaping a lower-limb prosthesis 
is well spent, and is greatly appreciated by the 
patient, especially women. The short skirts and 
other modern fashions that increasingly call 
attention to legs make it very important to match 
closely the shape of the opposite leg. 

Men aren't usually as vain about their appear
ance and, because of long pants, artificial legs are 
seldom noticed on a man. A prosthesis is at best a 
poor substitute for a limb, and we as prosthetists 
owe it to our patients and ourselves to do the best 
job possible. 

In shaping a man's leg, usually all that is nec
essary generally is to match the profiles of the 
limb and maintain circumferential measurements 
as closely as possible. The ankle measurement can 
be matched, but the calf circumference will al
most invariably be greater on the prosthetic side. 
In total-contact patellar-tendon-bearing pros
theses without liners, the calf circumference can 
be approximated closely. However, when a soft 
insert is used, the circumferential calf measure
ment is increased greatly. The addition of side 
joints increases this even more, and pants must 
be selected carefully to allow for this increase. 

One of the most important factors to be con
sidered but often overlooked is the shape of the 
foot. It must be shaped so as to afford a minimum 
of difficulty in donning the shoe. On a low-
quarter shoe, the width of the lace holes should 
match so that both shoes appear symmetrical, 
i.e., present mirror images of each other. Care 
must be exercised to give enough clearance be
hind the head of the first metatarsal so that the 
foot does not "rock" in the shoe and, finally, the 
toes and dorsum of the foot must be modified to 

give the foot enough room to move in the shoe 
without binding and thus restricting the desired 
action of the foot. This is especially critical with 
a SACH foot, but it is also important with an 
articulating ankle. 

The ankle circumference is noticeable and 
important with respect to cosmesis, but not too 
critical unless the man is going to wear boots, and 
most men at some time desire to wear boots, if 
only rubber boots for fishing or wet weather. The 
instep must be relieved to allow donning of boots. 

Shaping the prosthesis for a woman is an 
exacting, time-consuming procedure when done 

Sculpted toe SACH foot from Kingsley Manufacturing 
Company. 



properly. On an above-knee prosthesis all circum
ferential measurements can be exact if the proper 
selection of a knee is made. It must be remem
bered that allowance must be made for the lam
ination to follow. The most noticeable portions of 
the prosthesis are the ankle and the calf. In a 
below-knee case, the calf measurements will be 
oversized so the leg must be contoured to the 
distal measurements. Profiles are more noticeable 
than size so if the profiles are matched from all 
angles, the size difference is not so noticeable. 
Placement of the malleoli is one of the most 
noticeable features. Both malleoli must be level 
with their anatomical counterparts. The medial 
malleolus is higher and more anterior than the 
lateral malleolus. 

After preliminary shaping of the foot and leg, 

both may be covered with stockinette. This will 
eliminate color distortion and make shape differ
ences more readily apparent. Women will espe
cially appreciate your efforts at achieving a cos
metic prosthesis when they apply their nylons. 
The sculpted-toe ladies' foot by Kingsley will be 
of great benefit to prosthetists and their patients. 

In conclusion, aside from all of the functional 
and cosmetic benefits, there is a feeling of real 
pride when you can stand twenty feet away and 
not tell the difference in legs. 

Andy Parmley, C.O. 
Manager, Pocatello Branch 
Orthotic and Prosthetic Services 
Pocatello, Idaho 83201 



IS LEATHER YOUR BAG? 

If you have worked with soft, stretchy cowhides 
and then with firm elk and molding leathers, you 
have perhaps wondered how the same animal can 
produce such different products. Of course, the 
poor animal could care less how the leather is 
finished. In fact, you might say it's no skin off 
his hide! The condition of the leather is con
trolled by the ingenuity of the tanner. 

Our common elk leathers are tanned in a 
process called Chrome Tanning. The hides, as 
they come to the tannery, are in stiff, dirty, 
smelly bundles. The first steps are to make them 
soft and pliable and to remove the hair and dirt. 
This is done by soaking in a lime solution. When 
you approach a tannery you can smell this part 
of the process from some distance away! 

After soaking, the hide must be sliced to take 
off any flesh and surplus thickness. It is then 
sliced down the back, so that from each hide we 
get a left and a right side. Perhaps you have held 
up a side of leather and noticed the neck, legs, 
and tail end of the animal—you are seeing only 
the left or right side. 

The next step, after washing again in a chrome 
salt solution, is drying the hides on racks that 
pass through a huge dryer. From here the sides 
are smoothed, a color finish is sprayed on, and 
then each side goes through a plating machine 
to give a smooth glossy finish. 

Good, firm, jacket leather is more expensive 
than strap leather or soft cowhides because the 
tanner must spend more time and effort to make 
it firm. Jacket, or molding, leather is made by a 
process called vegetable tanning. The hides are 
suspended in a solution made of bark, wood, 
and chemicals until each side has. been well 
soaked. The hide is passed through several suc
cessive vats, each containing a little stronger 
solution than that contained in the preceding vat. 
After each side is well impregnated with the solu
tion, the hides are then put out to one side to 
mature. This is a long, slow process that gives 
excellent results; but, because of the extra time 

and handling, it is more expensive than other 
methods of tanning. 

Soft, stretchy cowhides are made by a com
bination of tanning methods. The soft hides are 
put in tumblers containing dye and are spun until 
the dye has completely penetrated the hide. They 
are then stretched on frames to dry. 

Leather is as old as man himself. Primitive 
man used hides to protect his feet, to power his 
slingshot, and to keep him warm. Today we have 
improved leather to make it soft or firm, but in 
all cases strong; long-lasting, and a thing of 
beauty. 

Ray Bentley 
C.N. Waterhouse Leather Co. 
Boston, Mass. 02110 

LETTER TO THE EDITOR 

Dear Sir: 

I have just read the comments of Dudley S. 
Childress in the December 1973 Journal regard
ing the use of the word "stump" to which I say 
Amen. For the past three years of my practice I 
have not used the word "stump" with the patient 
but refer to the amputated limb as his limb. The 
patient is well aware of which limb I am talking. 

In correspondence I have used the word "re
maining limb" in lieu of stump. This is very sim
ilar to Mr. LeBlanc's "residual limb" and I am 
sure that either would suffice. 

Sincerely, 
Loren B. Ceder, C.P.O. 
TACOMA BRACE & LIMB C.O. 



NEW PUBLICATIONS 

BULLETIN OF PROSTHETICS RESEARCH, 
SPRING 1973 (BPR 10-19), 254 pages, pub
lished by the Prosthetic and Sensory Aids 
Service, U.S. Veterans Administration, and 
available for $2.05 from the Superintendent of 
Documents, U.S. Government Printing Office, 
Washington, D.C. 20402 

Following past custom, the Spring 1973 issue of 
the Bulletin of Prosthetics Research consists of 
individual papers concerned with results of re
search coupled with reports on the status of re
search projects in limb prosthetics, orthotics, and 
aids for the blind and hard-of-hearing. 

INSTRUCTIONAL MATERIAL AVAILABLE 
FROM THE UNIVERSITY OF CALIFOR
NIA AT LOS ANGELES 

Because many young men working in orthotics 
who are studying for the certification examina
tions have written to UCLA asking where to 
obtain manuals and books on orthotics and 
anatomy that might be helpful to them, especially 
in preparation for certification, UCLA has pre
pared the following list: 

Manual of Lower Extremities Orthotics, Eng
land, Fannin, Skahan, and Smith, 1972, 522 
pages, 1,319 illustrations. Covers external shoe 
modifications, internal shoe modifications, below-
knee orthoses, above-knee orthoses, knee ortho
ses, foot and ankle orthotic devices, and hip 
orthoses. Per copy, $19.50 

Manual of Upper Extremities Orthotics, Ander
son, 1970, 460 pages, 1,013 illustrations. Covers 
upper-limb anatomy, functional hand splints, 
arm braces, and special assistive devices. 

Per copy, $15.50 

Basic Anatomy Series. These spiral-bound, 
paperback, illustrated texts are self-instructional. 
Originally designed to teach anatomy and med
ical terminology to medical records technicians, 
they have been found valuable by many allied 
health professions groups as a quick, easy way to 
learn the fundamentals of human anatomy. 

The illustrated text material includes practice 
exercises and self-tests. The texts are supple
mented with tape cassettes that can be played 
in the portable cassette tape recorders that are 
very popular and are reasonable in cost. The tape 
cassettes have proven very valuable in learning 
medical terminology, as they provide the learner 
with the correct pronunciation of the words and 
also enable him to recognize them when he hears 
them spoken. This ability can mean a great deal 
to the student orthotist when talking to physi
cians, therapists, and other medical personnel. 
The following texts and tape cassettes in the 
anatomy series are now available: 

1. Musculoskeletal System 
2. Circulatory System 
3. Respiratory System 
4. Nervous System 
5. Digestive System 
6. Genitourinary System 

Tape Cassette for each system $4.00 
Textbook for each system $3.00 

To obtain the instructional materials you need, 
mail your request to: 

Division of Vocational Education 
Allied Health Professions Research 

and Instruction Projects 
12016 Wilshire Boulevard 
Los Angeles, California 90025 

together with your check or money order made 
out to "The Regents of the University of Cali
fornia," and they will be forwarded immediately. 
There is a charge of $1.50 for postage and insur
ance. 



CHILD AMPUTEES: DISABILITY OUT
COMES AND ANTECEDENTS: PART 1. 
Initial Follow-up Study of Selected Patients of 
an In-Patient Service. Final Report—July 1969. 
G. E. (Ned) Sharpies, University of Michigan. 
(Carried out under Grant Nos. PC-1003 and 
PC-1003 C1 from the Children's Bureau, 
DHEW.)90pp. + 150 tables. 

Abstract by the Maternal and Child Health 
Program, School of Public Health, University 
of California, Berkeley, August 1973. 

This report describes the characteristics of 
unilateral upper-limb amputees and identifies dif
ferences in physical and social outcomes. From 
records of all unilateral upper-limb amputees 
examined at the Area Child Amputee Center, 
Grand Rapids, Mich. (a total of 214 people), 160 
people aged 13 or older, who had normal intel
ligence or better and no significant medical prob
lems other than limb deficiency, were chosen as 
study subjects. Although the study concerned 
subjects whose amputations occurred before the 
age of 21 (thus making them eligible for care at 
the child amputee center), actual ages of inter
viewed amputees varied from 14 to 41 years. The 
majority of respondents were located in upper 
and lower Michigan. 

Six interviewers conducted 2- to 4-hour in
terviews at the amputees' homes from October 
1967 through August 1968. The interview sched
ules were pretested among amputee patients at 
the University of Michigan Hospital. In the pre
tests, respondents were asked to perform those 
tasks which they claimed to be able to do, and 
members of the families were asked to confirm 
responses about physical performance. These 
pretests demonstrated that respondents under
stood the items and gave accurate answers. Data 
were also abstracted from patient records. 

Indexes of social and physical performance 
were developed from the interview items. The 
final social performance scale included the fol
lowing items: degree bothered by unwanted help; 
degree bothered by questions about arm; amount 
of self-consciousness; highest school grade; 
education compared to siblings', to father's, to 
mother's; time spent on recreation; family activ
ities (walks, games, church, visiting friends, 
outings); type of occupation; chances for a 
better job; difficulty getting a job; job achieve
ment (general improvement, working conditions, 

hours, responsibility, and importance); difficulty 
changing jobs; social status (home furnishings 
and dwelling type); and estimated social class. 

Questionnaire items chosen for the physical 
performance index included: how long cables 
lasted, how long the harness lasted, how often 
repairs were needed, amount of time prosthesis 
got in the way, finding special ways to use pros
thesis, whether the prosthesis needed repairs at 
time of interview, kinds of stump discomforts, 
wearing the prosthesis to improve appearance 
only, frequently needing more energy than people 
with limbs to perform the same tasks, help often 
wanted that was not given, and specific task per
formance (cut steak, wash all body, deal playing 
cards, dress self fully, button all buttons, place 
heavy box overhead, knit or sew, cut and mani
cure nails, put on watch or bracelet). 

RESULTS 

Descriptive Data 

Of the people studied, 29.4 percent were 
adolescents still in school. Housewives also 
constituted a sizeable propprtion (19.0 percent) 
of those interviewed. 

The population studied had various types of 
amputations. The most common were below-
elbow amputations, more than half of the total 
(56.0 percent). Above-elbow amputation ac
counted for one-fifth or 20.1 percent of the 
sample. The remainder were joint disarticulations; 
13.8 percent at the wrist, and 4.4 percent at the 
shoulder. (Wrist disarticulation was the minimum 
amputation included in the study.) The acquired 
limb losses occurred most frequently in the 
autumn and were mainly caused by farm acci
dents (21.8 percent), gunshot wounds (17.9 
percent), and automobile accidents (14.1 percent). 

More than 95 percent of all people interviewed 
had at some time had an artificial limb. Slightly 
more than 60 percent had a satisfactorily fitting 
prosthesis at the time of interview. About 40 
percent were actually seen wearing their pros
thesis at the time they first met the interviewer. 
The proportion of all amputees who were reg
ularly wearing an artificial limb at follow-up was 
variously estimated at 40 to 70 percent; the lower 
figure being the proportion who actually had the 
prosthesis in place at the beginning of the home 
interview, and the higher figure being the propor
tion who claimed to wear their limb "usually" or 



"frequently." Use rates among acquired ampu
tees were substantially higher, by all estimates, 
than among congenital amputees. 

Congenital upper-limb amputees did not 
appear to have more medical problems than 
amputees with acquired losses. The degree of 
acceptance of the loss did not differ by etiology. 
Persons born with a limb deficiency were less 
likely to retain an artificial limb in operating 
order, and, if they did, were less likely to use it. 
People with congenital amputations were more 
likely to try a limb for a few weeks and never 
become regular wearers. Clinic records revealed 
no differences in the frequency of problems with 
prostheses among congenital amputees compared 
to acquired amputees. The latter group did report 
more breakage of major components. 

Less than half of all those interviewed were 
both eligible to visit the Amputee Center in 
Grand Rapids and were doing so. Almost two-
thirds of all persons interviewed were no longer 
eligible for services at the Center. Among those 
eligible, almost half were not currently using the 
Center. Factors which impressed the interviewers 
as being responsible for nonreturn to the Center 
were distance, time, costs, disruption of other 
activities, and the lack of relevant services for 
nonwearers of prostheses. 

Physical Outcome Data 

The investigators found that amputees with 
higher physical-performance scores tended to 
be older at the time of interview, to have lost the 
limb at a later age, to have had few talks with the 
Center's social worker, to wear the prosthetic 
limb for longer periods of time, and to obtain 
needed limb repairs within a few days. People 
with high physical performance scores also 
seldom changed residences while growing up, 
were seldom aware of being awkward, and more 
frequently repaired their limbs at home. 

Analysis of the interview data showed the 
following statistically significant relationships: 
The physical outcome, as measured by the index 
developed for the study, tended to be poor if the 
interviewed subject mentioned other problems 
with his prothesis besides those brought up by the 
interviewer. If he said he sometimes or frequently 
wanted help and it was not given, if he had spe
cific expectations about what his treatment at the 
clinic would be like, or if the prosthetic device 

frequently got in his way, ultimate physical 
performance measured lower. In contrast, higher 
scores were obtained by male amputees whose 
condition was congenital (as opposed to ac
quired), amputees who wore their prostheses 
frequently, who had no socket problems during 
fitting, whose cables wore out quickly, who had 
no specific expectations about what their clinic 
experience would be, had never wanted to avoid 
others, did not discuss the problem of stopping 
unwanted help, were rated by interviewers and 
clinic personnel as accepting their loss very well, 
and who had a part-time or permanent job. 

Social Outcome Data 
For high social outcomes, the statistically sig

nificant associations were: fewer social-service 
contacts, fewer problems noted during social-
service contacts, repair of prosthetic devices with
in a few days, satisfaction with present job, going 
out frequently with spouse, and frequently enter
taining at home. The amputee who was seldom 
self-conscious, whose father worked at a white-
collar job, who rarely or never experienced un
wanted help, and who made friends of other 
patients at the clinic typically had high social 
outcome scores. A post-high-school education, a 
first contact with the clinic in the summer season, 
being referred to the Center by an agency rather 
than by himself, having moved at least once 
during residence apart from parents, and having 
had special job training were additional factors 
associated with successful social outcomes. 

CONCLUSIONS 

Examining the pattern of associations listed in 
"RESULTS," the investigators came to the fol
lowing conclusions: 

1. There were basic differences between the 
people who had congenital limb deficiencies and 
those with acquired limb losses. While the degree 
of acceptance of loss and the degree of self-
consciousness were the same for each group, 
people with congenital losses were less likely to 
report wanting to avoid other people and more 
likely to begin dating between the ages of 13 and 
16. They reported fewer problems in obtaining 
jobs. A far greater proportion of congenital am
putees (15.1 percent compared to 2.5 percent of 
acquired loss patients) had experimented with 



prosthetic limbs and discarded them. 
2. Individuals who discarded their prostheses 

early in the treatment program were likely to per
form well on physical tasks. Amputees who 
stopped wearing their limb after having a regular 
pattern of wear were the people likely to score low 
on physical performance measures later. 

3. The meaning of an artificial arm to its 
wearer may be the single most significant pre
dictor of outcome. This conclusion was supported 
by the findings that people who found unusual 
problems with their limbs scored low on physical 
measures and people who rarely noticed that they 
were awkward with the limb and who claimed it 
never got in their way scored high on physical 
performances measures. Self-consciousness, 
avoidance of others, and acceptance of loss also 
affected physical-performance outcomes. 

4. The clinic record of broken appointments 
was not a predictor of performance outcomes. 
Over 3/4 of all patients never or rarely failed to 
keep their appointments. 

5. Respondents to the interview and question
naire preferred the terms "amputee" and "pa
tient." They disliked the terms "crippled" and 
"handicapped." 

RECOMMENDATIONS 

The data implied that workers with amputees 
could best improve physical- and social-perform
ance outcomes by emphasizing social factors 
rather than physical characteristics of patients. 
The researchers suggested that patient depen
dence upon the clinic or staff members for identi
fication and/or solution of personal problems be 
minimized at the same time that amputees were 
enabled and led to means of dealing with the 
critical social and psychological implications of 
being an amputee. One means of doing this might 
be to group patients into cohorts. That is, certain 
patients might be admitted as inpatients at the 
same time and their interaction and mutual 
teaching abilities and opportunities promoted. 
Members of this inpatient "class" might then 
return to the clinic at the same time for their 
later appointments. 

An improvement in the organization of care 
could be to increase the convenience and decrease 
the time and cost of transportation of patients to 
the site of treatment. It is probable that the 
number of people who could benefit from this 

service is far greater than the number who now 
use the driver employed by the State of Michigan. 

The authors concluded that a significant im
provement in the outcome for amputees could be 
attained by providing services to them after 
age 21. 

The frequency with which prosthetic limbs are 
prescribed should be reassessed, since a large 
percentage of amputees eventually stop wearing 
them. 

Most unilateral upper-limb amputees were able 
to reorganize physical tasks normally accom
plished by two hands so that the tasks could be 
accomplished by one hand aided by body pressure 
from some other limb. The important character
istics of artificial limbs need to be reassessed, 
starting with the assumption that artificial limbs 
used by this population may not need to approxi
mate the physical functions of an arm and hand. 

Individuals who could be identified at intake as 
likely to have difficulty attaining maximum per
formance levels: 
• People who are surprised about the nature of 

the clinic 
• People who indicate in any way that they have 

not accepted their loss 
• People with histories of several changes of 

residence during childhood 
• Amputees who tend to depend on others for 

help, decisions, or other kinds of assistance 
• Children of families with low social class, as de

fined by father's occupation 
• Children who have wanted to avoid other peo

ple before the age of 10 or after the age of 14. 
Individuals who can be identified during the period 
of active treatment as needing greater attention: 
• Amputees, especially those with acquired losses, 

who do not use many cables and who need few 
repairs to the limb 

• Amputees who experience problems in getting a 
socket fitting that is comfortable 

• People who need to have several harnesses 
made before one fits them adequately 

• Patients who mention prosthesis problems of 
an unusual and nonroutine nature or who seem 
unusually concerned with trivial maintenance 
and repairs 

• Amputees who do not get immediate repairs 
• Amputees who avoid other people 
• Amputees who want help to accomplish tasks of 

daily living 



• Patients who want to discuss unwanted help 
and the undesirable attentions of others 

• Those who are unwilling or unable to attempt 
minor repairs by themselves 

• Those who admit noticing that they are awk
ward or that the limb occasionally gets in their 
way 

• Those who are extremely self-conscious 
• Those who claim that they are frequently helped 

by others when they do not want to receive 
assistance 

• People known to have social or behavioral 
problems and to have sought or been contacted 
by social-work services 

• Amputees who are reported by any source to be 
not fully, accepting of the loss 

• People who have little social activity 
• People who postpone the beginning of dating 
• Those who had no job or only irregular jobs 

during their schooling 
• Those who make few visits to the clinic during 

the early part of their treatment program 
• Patients who cease coming to the clinic without 

giving a reason 
• Patients who seek to become close friends with 

staff members, having repeated extraprofes-
sional and perhaps extraclinic contacts with 
them. 

Services that should be added to the clinic program: 
• A cost-free trial period for prostheses, so that 

those who discard their limbs could do so more 
economically 

• Instruction in the maintenance and repair of 
prostheses 

• Counseling for acceptance of their loss, avoid
ance of others, dating and social activities, awk
wardness, how to answer strangers' questions, 
how to get a job, and how to keep the limb out 
of the way 

• Promote job satisfaction 
• Promote peer group friendships. 

Practices that should be avoided: 
• Patients coming to the clinic without previous 

orientation. 
• Time delays in the adequate fitting of the socket 

and harness and in repairs 
• Personal friendships with staff 
• Self-referrals to vocational rehabilitation agen

cies. 

Personal advice to be given to the amputee: 
• Encourage holding a regular part-time job dur

ing school 
• Encourage participation in social activities 
• Encourage self-repair of limb. 

What should be done for patients who are no longer 
eligible for the Center: 
• Clinic should establish sources of limb repair 

for the patient by referring the patient to a 
prosthetist and by training him in limb repair. 

• Patients might be referred to organizations 
which will help the amputee become socially ac
tive in recreation, entertainment, or other 
spheres. 

• Referrals should be made to other agencies 
such as vocational rehabilitation services. 

• A prosthesis repair kit for amputees should 
be developed. 

CHILD AMPUTEES: DISABILITY OUT
COMES AND ANTECEDENTS: PART 2. 
A Long-Term Follow-up Study of Child Am
putee Patients, Final Report—December 1972. 
G. E. Sharpies and R. L. Crawford, University 
of Michigan. (Carried out under Grant Nos. 
PC-1003 C2,3 and MC-R-260044-05,06.) 121 
pp. + 248 tables. 

Abstract by the Maternal and Child Health 
Program, School of Public Health, University 
of California, Berkeley, August 1973. 

This is the second study of the outcomes of 
amputees who as children had been eligible for 
treatment at the Area Child Amputee Center, 
Grand Rapids, Michigan. Subjects of the first 
study were unilateral upper-limb amputees. Sub
jects of this study were patients with lower unilat
eral and patients with upper bilateral limb ampu
tations. Only patients 13 years old or older, of 
normal intelligence, residing in the continental 
United States, and having no additional physical 
problems besides the amputation, were selected. 

As in the previous study, data were collected 
through home interviews which lasted from 2 to 4 
hours. Each subject also received a self-adminis
tered questionnaire prior to the personal inter
view. Abstracts of clinic records also provided 
data. The interview and questionnaire were used 



to construct scales of physical and social perform
ance similar to those used in the first study but 
adapted for use with bilateral upper-limb or 
unilateral lower-limb amputations. 

The physical performance items designed for 
bilateral upper-limb amputees recorded degree of 
ability to: (1) tie own shoes, (2) cut meat on a 
dinner plate, (3) carry a full bag of groceries, (4) 
shuffle playing cards, (5) dress self completely, 
(6) button all buttons, (7) comb/brush own hair, 
(8) lift a heavy box over head, (9) wash hair, and 
(10) use a camera. 

The items dealing with lower-limb function 
recorded degree of ability to: (1) run one-half 
block, (2) climb stairs which have no railing, (3) 
walk on an icy sidewalk, (4) walk in deep mud, (5) 
stand and work for 4 hours, (6) stand and work 
for 8 hours, (7) walk without making any noise, 
(8) kneel on both knees and rise without use of 
hands, (9) carry full suitcase 1 city block, and 
(10) carry a full suitcase 8 city blocks. 

Physical performance items common to both 
conditions were: (1) any athletic or exercise 
activity, (2) need to expend no more energy than 
people with limbs for the same task, (3) does not 
describe self as limited, (4) does not mention ad
ditional difficult taskes, and (5) is satisfied with 
physical abilities. 

The social performance index items were: (1) 
has employment, (2) not bothered by questions 
about the amputation, (3) currently self-con
scious, (4) not bothered by unwanted help, (5) 
frequency of visiting in homes of friends, (6) fre
quency of visits by others in respondent's home, 
(7) ever refused a job because of amputation, (8) 
ever left a job or wanted to because of amputa
tion, (9) feels amputation affects chances of 
getting a given job, (10) feels amputation de
creases chances for advancement, (11) feels ampu
tation affects relations with co-workers, (12) feels 
amputation affects relationship with superiors/ 
supervisors, (13) satisfaction with job, (14) fre
quency of attendance at informal entertainment 
outside the home, (15) interviewer's rating of 
home furnishings, (16) housing space and size, 
(17) interviewer's estimate of respondent's social 
class, (18) highest school grade completed, (19) 
education achievement compared to mother, (20) 
education achievement compared to father, (21) 
education achievement compared to nearest 
sibling, (22) amount of recreation, (23) attendance 

at religious activities, and (24) interviewer's 
assessment of condition of home. 

For 227 eligible respondents, 185 interviews 
were reported (81.4 percent). Comparison of re
spondents to nonrespondents using data available 
from clinic records showed that nonrespondents 
tended to be older than respondents. On those 
clinic records where the emotional status of the 
patient was noted, nonrespondents were seen as 
having more emotional problems than respon
dents. The sample of interviewed people was 
broken down as follows: 

29 upper-limb deficiency 
24 congenital 

5 acquired 
156 lower-limb deficiency 

41 congenital 
115 acquired 

Since only 5 upper-limb amputees had acquired 
losses, statistics were not computed for this group. 

RESULTS 

The measurements and the impressions ob
tained by interviewers indicated that most ampu
tees had the ability to perform the wide variety of 
tasks required in daily life, to maintain homes and 
to function normally in job settings, with the same 
degree of success as nonamputees of similar back
ground. In general the impact of limb deficiency 
seemed to be that it delayed achievement rather 
than depressed it. 

Use of Artificial Limbs 

Nearly all of the lower-limb amputees wore 
their artificial limbs (98 percent of those with 
congenital deficiencies and 94 percent of those 
with acquired losses). Four out of 5 upper bilat
eral amputees with acquired loss were wearing 
prostheses; one-third of the upper bilateral con
genital amputees were using their artificial limbs, 
and one-third of all bilateral amputees who tried 
artificial limbs discarded them. 

Sources of Medical Care 

General health care was obtained by most in
dividuals from a general practitioner. Fourteen 
percent of lower acquired amputees had consulted 
osteopaths. A large number of amputees (85.7 
percent) reported having visited a doctor within 
the last 2 years. Amputees went most often for 



limb care to the Area Child Amputee Center, 
Grand Rapids. The lower acquired amputees 
were atypical in making more use of limb shops as 
their primary source of limb care. 

Problems and Unmet Needs 

General health was self-reported as an impor
tant problem by 13.0 percent of those with lower 
acquired amputations. This was the group in 
which progressive disease was most likely, and 
it included several cases of amputation for carci
noma (14.8 percent). Phantom limb sensation was 
reported by less than 15 percent of the congenital 
amputees with upper-limb involvement, by 42 
percent of those with congenital deficiency of a 
lower limb, and by 83 percent of those with ac
quired limb loss. Nearly 3/4 of all individuals 
with lower-limb prostheses reported having had 
blisters, sores, ulcerations, and rashes associated 
with wearing a prosthesis. 

About 10 percent of the lower-limb amputees 
experienced chronic malfunction of their pros
theses. These people indicated the artificial limb 
was in proper operating condition less than half 
of the time. Among congenital and acquired 
lower-limb amputees, 29 percent reported that 
their limbs malfunctioned more than 10 percent 
of the time. Frequent problems occurred in the 
operation of joints, terminal devices, sockets, and 
the harnesses. Between 1/4 and 1/2 of each group 
also had fitting needs at time of follow-up inter
view. The time required for repairs to prostheses 
was not a problem for most individuals; same-day 
service was obtained by most. Only about 1 in 7 
individuals indicated dissatisfaction with the 
quality of prosthetic work done at limb shops. 
Almost all (82.5 percent), however, indicated that 
their prostheses could be improved. All groups 
combined placed comfort as the first priority, 
appearance as a second priority, and function as 
a third consideration. Durability and more real
istic characteristics (including tactility, odor, 
noise) were also mentioned as desirable features. 

The lower-limb acquired amputees appeared to 
have the greatest difficulty accepting limb loss. 
About 28 percent of these amputees indicated on 
the Gurin Psychological Adjustment Scale that 
they were significantly psychologically impaired 
(scoring less than 65 points). The rate for lower-
limb amputees with congenital loss was 24.4 per
cent, and for upper bilateral amputees with con

genital deficiencies the rate of serious psycholog
ical problems was 21.7 percent. 

Self-consciousness was a recurrent problem 
among all amputees. Half or more of each group 
indicated self-consciousness at some time in their 
lives. Only half of each group indicated they were 
not self-conscious at the time of interview. 

Physical Performance 

Statistical tests showed that the following vari
ables were associated with high scores on the 
physical performance index: 
• Site of the amputation (people with longer 

limbs remaining performed better) 
• Wearing the prosthesis 14 hours or more a day 
• Incidence of phantom limb sensation (people 

without phantom limb do better) 
• The feeling that the amputation had no effect 

either on choice of occupation or choice of 
spouse 

• Frequency of visits to Center (lower-limb am
putees who in their first year of limb care had 
3 or more visits to the Center did better than 
those with fewer visits) 

Factors associated with lower levels of physical 
performance for all amputees were: 
• Doing fewer household chores than most chil

dren 
• Feeling that the childhood was unhappy 
• Believing that parents advised limiting career 

goals 
• Being self-conscious 
• Avoiding awkward tasks 
• Dating less frequently because of limb 
• Feeling that prosthesis has negative impact on 

dating 
• Strong and specific dislikes of aspects of their 

prostheses, particularly among upper bilateral 
amputees 

Factors associated with lower levels of physical 
performance among lower acquired amputees 
only were: 
• Concern about the difference in appearance be

tween a prosthesis and a normal limb 
• Losing a limb due to disease 
• Losing a limb late in childhood (after age 16) 
• Lasting negative reaction to loss 
• Fitting problems with prosthesis. 



Many factors had no demonstrable effect on 
physical performance outcomes. Health and 
weight of respondents, use of a prosthesis, patient 
satisfaction with the facility where they obtained 
care, special schools or classrooms for handi
capped children, difficulty in finding a job, par
ticipation in teenage activities, amount and kind 
of parental concern and protection, socioeco
nomic status, age, sex, and urban-rural status did 
not differentiate between amputees with poor 
physical performance and those with high phys
ical performance. 

Social Performance 

The authors concluded that the social perform
ance index was a more sensitive indicator of 
amputees' well-being than the index of physical 
performance. The physical performance scores 
were spread across a relatively narrow range, with 
most respondents clustered closely around an 
adequate level of performance. Few had poor or 
inadequate scores. In contrast, the overall distri
bution of social performance scores was more 
widely spread and showed a range from out
standing social function to pathological states of 
withdrawal and psychopathology (as measured by 
the Gurin Psychological Test). 

A second conclusion regarding social perform
ance was that it was consistent over time. Indi
viduals who had low social performance scores 
on the interview were very likely to have been rejected by their peers as children, unpopular as 
teenagers, and unable to maintain stable, sup
portive relations with their families or to succeed 
in prototypical social institutions such as school. 
By contrast, individuals who were happy, ac
cepted, and successful in their early years had a 
high probability of continuing to do well as young 
adults. 

Social class emerged as an influential determi
nant of social function outcomes. The effects of 
differences in stimulation experience, contacts, 
opportunity motivation, and other class-linked 
factors appeared to be so strong that the authors 
concluded an amputee from a lower class back
ground had distinctly less chance of adequate 
social performance, while children raised in 
higher socioeconomic surroundings were much 
more likely to function well socially. At the same 
time, the findings showed no association between 
social class and physical performance. No other 

demographic factors were found to be closely as
sociated with social performance. 

Diagnostic characteristics associated with so
cial performance included: 
• Bilateral upper amputees more frequently had 

low levels of performance 
• Congenital lower amputees more frequently 

scored at high levels 
• Amputations due to disease were associated 

with low scores 
• Amputations occurring in middle childhood 

years were associated with low scores. 

As in the earlier study, prosthesis experiences 
(such as wearing habits, non-use, the condition of 
prostheses) did not influence social performance 
outcomes. Individuals, especially congenital 
lower-limb amputees who expressed concern 
about the realistic appearance of their prostheses, 
often had low social performance scores. 

Factors which were associated with a poor 
social outcome were: 
• Broken homes or parents who got along poorly 
• Moving frequently during childhood 
• Being raised in large families—for bilateral 

upper amputees 
• Being an only child—for acquired lowers 
• Excesses in parental attention or child-rearing 

techniques, as self-reported by amputees 
• Being rejected and taunted in childhood play 
• Unpopularity as a teenager 
• Not being invited to social functions 
• Difficulty getting dates 
• Not being able to obtain or hold a satisfactory 

job 
• Sheltered workshop experience 
• Perceiving self as very different from others 
• Having an uncomfortable phantom limb (es

pecially for acquired lowers) 
• Poor prosthetic awareness, as measured by con

fusion about limb position, inability to judge 
distances, and not remembering that the limb is 
shorter than normal 

• Feelings of self-consciousness 
• Being bothered by unsolicited assistance 

Factors associated with a good social outcome: 
• Follow-up by the treatment facility—partic

ularly clear for unilateral lower amputees 
• Receiving social services (except for congenital 

lower amputees, who performed better socially 
when they needed no counseling) 



• Feeling that clinic services only slightly im
proved physical function (except congenital 
lowers, who showed no association at all with 
this factor. Bilateral uppers who felt that they 
had greatly improved in physical function 
scored on the low end of the social performance 
scales) 

• Friendships with staff or other patients (bilat
eral uppers did not show this association) 

Being able to obtain and hold a satisfying job, 
to get along with others on the job, and to learn 
sufficient income were associated with high levels 

of social performance. Individuals who saw them
selves as similar to nonhandicapped people on the 
Attitudes Toward Disabled Persons Scale (ATDP) 
frequently scored high on the social performance 
index. Engaging in physically active recreation, 
voluntary groups, and hobbies also typified high 
social performers to a greater extent than those 
with poorer social function. As in the earlier 
study, a principal conclusion drawn from these 
data was that social and psychological factors 
play a greater role in determining physical and 
social outcomes than do physical factors, or fac
tors relating to the design of prostheses. 



RESOLUTION CONCERNING THE METRIC SYSTEM 

The following resolution was adopted by the Board of Directors of the American 
Orthotic and Prosthetic Association at its meeting in San Diego October 3, 1973: 

WHEREAS by Act of Congress it has been determined that the United 
States should proceed towards adoption of the metric system as used 
almost universally throughout the rest of the world, and 
WHEREAS the technological professions and many segments of the 
health professions have commonly used the metric system over an ex
tended period of time, and 
WHEREAS it is important for members of the orthotic/prosthetic pro
fessions to interact with their colleagues in the medical and technologi
cal communities for optimum patient service be it hereby 
RESOLVED that the American Orthotic and Prosthetic Association 
endorses the use of the metric system by its members and other orthotic 
and prosthetic practitioners in the United States, and in witness of this 
endorsement and Association urges the editors of its journal Orthotics 
and Prosthetics to commence the dual reporting of weights and 
measurements in both the English and metric systems at the earliest 
possible date with the objective of employing the metric system solely 
by the time of the 29th Volume in 1975. 
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LENGTH 

Equivalencies 
angstrom = 1 
millimicron* = 1 
micron (micrometer) = ] 

To Convert from 

inches 
feet 
yards 
miles 

METRIC SYSTEM 
Conversion Factors 

x 1 0 - 1 0 meter (0.0 000 000 001 m) 
x 10- 9 meter (0.000 000 001 m) 
x 10- 6 meter (0.000 001 m) 

To 

meters 
meters 
meters 
kilometers 

Multiply by 

0.0254t 
0.30480t 
0.91440+ 
I.6093 

AREA 

To convert from 

square inches 
square feet 

square meters 
square meters 

VOLUME 

Definition 

1 liter = O.OOlt cubic meter or one cubic decimeter (dm 3 ) 
(1 milliliter = If cubic centimeter) 

To convert from 

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

MASS 

To convert from 

pounds (avdp.) 
slugs* 

FORCE 

To convert from 

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

To 

cubic centimeters 
cubic centimeters 
cubic centimeters 
cubic centimeters 
cubic centimeters 
cubic meters 

To 

kilograms 
kilograms 

To 

newtons 
kilogram-force 
newtons 
kilogram-force 

0.00063616+ 
.092903 

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

Multiply by 

16.387 
29.574 
28.413 
473.18 
568.26 
0.028317 

Multiply by 

0.45359 
14.594 

Multiply by 

0.27802 
0.028350 
4.4732 
0.45359 

centimeter). 
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STRESS (OR PRESSURE) 

To convert from 

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

TORQUE (OR MOMENT) 

To convert from 

pound-force-feet 
pound-force-feet 

ENERGY (OR WORK) 

To 

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

To 

newton meter 
kilogram-force meters 

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

To convert from 

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

1 cal (gm) = 4.1840 joules 

To 

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

Multiply by 

6894.8 
0.68948 
0.070307 

Multiply by 

1.3559 
0.13826 

Multiply by 

1.3559 
0.13826 
1 x 10- 7 t 
252.00 
0.32405 

TEMPERATURE CONVERSION TABLE 

To convert *F to °C o C = °F_-_3J 
1.8 

•C 

98.6 37 
99 37.2 
99.5 37.5 

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

* A slug .is a unit of mass which if acted on by a force of one pound will have an acceleration of one foot per 
second per second. 
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Sutton's SJ/4 Jack S a n d e r . . . 

YOU'LL HAVE AN ATTACHMENT FOR IT! 

Or maybe 23 optional attachments. Sutton is an old pro at 
making jack sanders. They know what shoemakers want and 
need, and you can get it all in the SJ/4. Two 4" x60" fast cut
ting, quick-change belts; a great dust collector; front-opening 
dust drawer; IV2 hp motor; big shelf. Use full belt width for 
faster leveling. Three other models available. Write today! 

Sure we 
take trades 
Financing may 
be arranged 

MADE IN USA 

Sutton 
f. O. BOX W40 • SI. IOUIS, MO. 63t« • (314) 225-535S 

• Send dope on SJ /4 and other jack sanders 

• Send complete Sutton catalog 

Name 
Shop 
Address 
City -State. -Zip-
Telephone. 



C u t i t . M o l d i t . B e n d i t . S h a p e i t . 
No other splint material works so easily. 

Wrap around any contour Lend support lo any injured 
body pari With atlraclive ORTHOPLAST* Splints, the 
most versatile splinting material available 
• A lightweight low-heat thermoplastic featuring maxi
mum ability to be molded 
• Strong, cohesive, can be made to adhere to itself 
without glue, simply by heating. 
• Can be riveted, strapped, braced, hinged, bonded, 
butt-bonded to suit all your splint-engineering needs. 

(Can also be reheated and remolded to refit an improv
ing patient whose splint needs have changed.) 

Educational literature, medical reprints, splint pat
terns and samples may be obtained by writing lo De
partment J-235. Johnson S Johnson, Now Brunswick, 
New Jersey 08903 

O R T H O P L A S T Spl in ts 



G j f i € e m a n 

S u p p o r t s 

" D e a l e r 

R e q u i r e m e n t s 

from h e a d 

t o t o e 

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

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

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

call their nearest warehouse (collect) and receive shipment 
within 24 hours... less transportation charge; less dealer 

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

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

Aeeman 
FREEMAN MFG. CO. 
Box J, Sturgis, Mich. 49091 

O-M , 1 . , . . . . 

FREEMAN WAREHOUSES: 
Ephrata, Pennsylvania 17522, P.O. Box 277, phone 717-733-4261 
Sturgis, Michigan 49091, P.O. Box J, phone 616-651-2371 
Anniston, Alabama 36201, P.O. Box 1791, phone 205-237-0611 
West Covina, California 91790, 1148 E Garvey, phone 213-338-1618 
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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 

F l o r i d a B r a c e C o r p o r a t i o n 

XVIII 



P R O S T H E T I C S O C K S 
DEPENDABLE, QUALITY SINCE 1923 

Q U A L I T Y C O M E S FiRST A T K N I T - R I T E 

Highest Quality Yarns • Carefully 

Knitted A Hand Finished 

Each Sock Boarded to Size. 

LET OUR 

50 YEARS 

OF EXPERIENCE 

BE YOUR ASSURANCE 

OF THE BEST 
IN QUALITY SOCKS. 

K N I T - R I T E , I N C . 
1121 GRAND AVENUE • KANSAS CITY, MISSOURI 64106 

PHONE: 816-221-0206 
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WASHINGTON 
PROSTHETIC 

SUPPLIES 
NOW DISTRIBUTING FOR 

40 PATTERSON STREET, N.E. TELEPHONE 

WASHINGTON, D.C. 20002 (202) 628-1037 
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KINGSLEY MFG. CO. 
PROUDLY PRESENTS THE 

N E W H Y D R A N U - M A T I C 
KNEE C O N T R O L FOR HEAVY DUTY 

* INTERCHANGEABLE WITH REGULAR 
DUTY UNIT 

* LARGER OIL RESERVE 

* LARGER SEALS 

* GREATER WALL THICKNESS 

STRONGER GUARANTEED TO LAST LONGER 

NOW YOU CAN FIT THE ACTIVE AMPUTEE WITH THIS 
LIGHTWEIGHT. LOW COST UNIT WITH ASSURANCE. 

DIMENSIONS: 

WEIGHT: 
FUNCTIONS: 

SPECIFICATIONS 
LENGTH 11" 
DIAMETER 1" 
8Y, OZ. 

•SWING PHASE DAMPING - HYDRAULIC . 
• EXTENSION ASSIST - COMPRESSED AIR 

AND COIL SPRING. 
•FLEXION CONTROL - ADJUSTABLE 

RESISTANCE. 
• EXTENSION CONTROL - CONSTANT 

RESISTANCE. 
• KNEE LOCK - OPTIONAL - ALLOWS 

EXTENSION. RESISTS FLEXION AT 
ANY A N G L E . 

• INSTALLATION: NO SPECIAL ALIGNMENT 
PROCEDURES NECESSARY. 

DELIVERED INSTALLED IN A CONVEN
TIONAL KNEE-SHIN SET UP. 

ORDERED BY KNEE WIDTH OR CALF 
CIRCUMFERENCE, WITH OR 
WITHOUT LOCK . 

i n g s l e y m f ^ , o . x > . 
1984 PLACENTIA AVENUE • COSTA MESA. CALIFORNIA 
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BECKER 
FLEXIBLE TORSION SPLINTS 

ALL YOUR ORTHOPEDIC NEEDS 

• TORSION SPLINTS 

• THREE POINT HYPEREXTENSION 

• SPINAL BRACES 

• CERVICAL BRACES 

. LOWER EXTREMITY BRACES 

• FULL LINE BRACE PARTS 

BECKER ORTHOPEDIC APPLIANCE COMPANY 
1776 SOUTH WOODWARD AVE. 

BIRMINGHAM, MICHIGAN 48011 

—Exclusively— 

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 
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Favorites 
* PERTHES ORTHOSES 

TORONTO TRILATERAL 

* FRACTURE ORTHOSIS WITH PLASTER 

KNEE 
JOINTS 

ALIGNMENT 
FIXTURE 

OR 
PLASTIC BRIMS 

• ORTHOLEN 
• ARCH SUPPORTS 
• POSTERIOR SPLINTS 
• SHEETS 

* PELITE 
SOFT. MED., & FIRM 

POLYETHYLENE 
FOAM 

PADDING 

P. O. BOX 1678 

ORTHOPEDIC 
Established 1914 

CHATTANOOGA. TENN. 37401 
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[You Just Can't Beat Our Rover 
For Fit And Comfort 

Excel len t For Brace Work 
Look at some features of our famous 

"Brace Shoe" 

• Leather Sole & Heel • Long Counter 
• E x t r a Strong Steel Shank 

You can use this shoe with complete 
confidence. 

Sizes 4-13 in varying widths. Extra 
large size range also available. 
Colors: Black, White Brown, 
Smoke, Blue Green, Taupe, Mis-
mate Service on Black Only. 
Write For Free Catalog. 

The Irving Drew Corporation 
Lancaster, Ohio 43130 

DREW - OR. HISS - CANTILEVER GROUND GRIPPER - DICKERSON 
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CLASSIFIED ADVERTISEMENTS 
Advertising Rates 

Regular—First 35 words, $24.00 (minimum). Additional words $1.00 each. Situations 
wanted advertisements half rate. Space rate additional: 13 X 13 picas-$ 105.00; 13 X 18 picas-
Si 80.00. 

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

Mail addressed to National Office forwarded unopened at no charge. Classified Adver
tisements are to be paid in advance; checks should be made payable to "Orthotics and Prosthetics". 
Send to: Editor, Orthotics and Prosthetics, 1440 N St., N.W., Washington, D.C. 20005. 

PROSTHETIST-ORTHOTIST 
TEACHING POSITION 

N.Y. University Medical Center requires well 
educated, experienced Prosthetists or Ortho
tists interested in teaching career. Clinical 
and research responsibilities also available. 
Excellent salary; 35 hr. work week; 4 week 
vacation; and comprehensive benefits pro
gram. Contact: 

Mr. Norman Berger 
Prosthetics and Orthotics 
N.Y. University Medical Center 
317 East 34th Street 
New York, N.Y. 10016 

An Equal Opportunity Employer 

CERTIFIED PROSTHETIST OR 
CERTIFIED PROSTHETIST/ORTHOTIST 
Certified Prosthetist or Certified Prosthetist— 
Orthotist needed—San Francisco Firm—Im
mediate position—Pension Plan—Medical & 
Dental Plan—Salary open. 

Custom Orthopedic Appliances 
340 Divisadero Street 
San Francisco, Calif. 94117 

CERTIFIED PROSTHETIST 
A N D / O R ORTHOTIST 

Certified Prosthetist and/or Orthotist wanted. 
Clinical and post-op necessary. Located in 
western Washington. Salary negotiable. Send 
resume to: 

Eastside Orthopedic Co. 
P.O. Box 301 
Kirkland, Washington 98033 

CERTIFIED PROSTHETIST 
A N D / O R ORTHOTIST 

Well established firm desires qualified pros
thetist and/or orthotist, certification preferred. 
Salary commensurate with qualifications and 
experience. Application held in strictest con
fidence. 

Birmingham Limb & Brace Co. 
3009 3rd Ave., So. 
Birmingham, Ala. 35233 
205-324-0632 

CERTIFIED PROSTHETIST 
Position open for in and out patient service 
including immediate post operative prosthetic 
fitting. Excellent working conditions. Fringe 
benefits. Send resume, including salary to: 

Zielke Orthotics & Prosthetics, Inc. 
900 N. Duke St. 
Lancaster, Penn. 17602 
(717) 397-7563 

FACULTY POSITION 
Immediate opening for Associate in Pros
thetics-Orthotics Division, Rehab. Medicine, 
University of Washington, Seattle, 98195. 
Minority applicants encouraged to apply. 
Write or Phone: (206) 543-3600. 
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INFORMATION FOR AUTHORS 

ORTHOTICS AND PROSTHETICS 

INVITES THE SUBMISSION OF ALL ARTICLES AND MANUSCRIPTS 

WHICH CONTRIBUTE TO ORTHOTIC AND 

PROSTHETIC PRACTICE, RESEARCH, AND 

EDUCATION 

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

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

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

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

Do r?of 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 "F igu re " abbreviated to indicate references to i l lustrat ions in the text ( . . . as 

shown in Fig. 14) 

PREPARATION OF ILLUSTRATIONS 

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

permission granted. 

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

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

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

1 9 7 4 N A T I O N A L A S S E M B L Y 

OCTOBER 23-26, 1974 

REGENCY ATLANTA 

ATLANTA, GEORGIA 

The American Orthotic 

and 

Prosthetic Association 

1440 N Street, N.W. 
Washington, D.C. 20005 
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