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B • Manufactured by Physical Support Systems, Inc. 
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A A the level of T 1 0 
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B ^ B B . System 
• Durr-Fillauer is proud to announce the addition of the Boston 
H Brace System to its product line. Since its introduction some 

1 0 years ago this orthotic system has achieved worldwide 
JHHJ B recognition as one ol the most effective means of treating 

B idiopathic scoliosis. By alterations in trim lines and pad location 
H it can be used to treat a variety of curve patterns. The addi-

• • ^ ^ " ^ B J . tion ol a superstructure extends its usefulness even further 
B P ^ Sale of the Boston Brace System has been supported by a 

; series of comprehensive and rigorous instructional courses to 
train orthotists, therapists, and surgeons in its use. 
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S-500 — A COMPACT SANDER TAILORED TO 
THE NEEDS OF ORTHOTIC PROFESSIONALS 

Sutton Landis has developed a machine which 
can be virtually custom-built to suit the needs 

of the orthotic professional. It requires only 
40' of wall space and may be ordered with any 

combination of 4" or 1-9/16" sanding belts. 
Belts are a full 5 ' long for maximum cutting 

speed and long life. All dust generating areas 
are ported to highly efficient dust control 

system. For use on orthosis finishing, pros
thesis construction and modification of pre

scription footwear. The various shaft configura
tions are shown below. Call today for further 

information. Toll-free: (800)325-3542. 

E11EMDED .' I* 

shoe n n o 

Toil-Free: (800) 325-3542 • Mo. Customers: (314) 225-5295 Colled 

3500 Scarlet Oak Blvd. St. 
i 

Louis, MO 63122 

SHOl 
COMPAHt 

Please send Information on the SS00 jaoksander 
Please send the Sutton-Landis catalog 

Name 

Company. 

Address 

City, State, Zip 



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

W H Y D O E S I T C O S T L E S S ? 
Usually when a superior product is cop

ied, the imitations are priced lower to com
pete. In the case of the original Dale® Reten
tion Belt, that didn't happen. Here's why. 

Our Retention Belt is one of a family of 
stretch support products designed for hospi
tal use and made to highest professional 
standards. Because we buy all of our materi
als and dedicate our manufacturing to this 
specially we can bring you a Retention Belt 
that is better made than any other—and 
priced significantly lower than the look-alikes. 

ft's designed for mobility and comfort 
as well as support. Double-ply stretch panels 
are joined by a patented technique to con
form to contour and movement. Large 
Velcro® closure surfaces are continuously 
adjustable and built for long use. The 
pocket accepts our own heat-retaining, 
nigh-density foam insert or any similarly 
shaped insert of your choice. And there are 
many details of careful workmanship you'll 
see and appreciate. 

We invite you to inspect and compare 
the Dale retention belt with the belt you are 
now using. If you don't agree completely 
that the original is still the best, we'll gladly 
refund the low purchase price. Simply send 
us the coupon below. 

I1" NO RISK TRIAL OFFER ~! 
I Dale Medical Products, Inc. j 
r 7 Cross Street, P.0 Box 1556, Plainville, MA 02762 
I • Send me one Dale Retention Belt for , 
- inspection and trial. If I am not completely J 
I satisfied that it is superior to the belt I am I 
j now using, I may return it within 30 days. 
, Otherwise I understand you will bill me for • 
! the low trial price of $ 10.00. 
• • Please include your high-density, heat-
! retaining foam insert with the belt at no I 
l extra charge. i 
I Name . | 

I Address . I 

Oty State Zip. J 

© 1984 Dale Medical Products 

Dale Medical Products, Inc., 7 Cross Street, RO. Box 1556, Plainville, MA 02762 U.S.A., Call 800-343-3980 
In Mass. and International: 617-695-9316 



Women Prefer A Choice 

L a d i e s S a c h F e e t 
Nobody would expect a woman to dine out in 

the same clothes she used for the morning 
housework. Nor would she wear the same 
makeup, hairstyle or jewelry for all activities 
Modem woman requires a selection of habits to 
coincide with the diverse lifestyle she has grown 
to regard as a normal daily routine. 

For the modern woman, who is also an am
putee, Kingsley Mfg. Co. offers the opportunity to 
continue her normally checkered lifestyle. A 
complete line of womens' sach feet with Natural 
Toes'" for shoe styles from flats to stylish high 
heels, in five heel heights, assures the active lady 
the correct ensemble for any activity during her 
busy day. 

Kingsley has given these sach feet names, rec
ognizable by all women and shoe salesmen, to 
correspond to shoe styles with characteristic heel 
heights. They are — Flattie, 3/8" (IOmm) heel 

height. Casual. 1-3/8" |35mm) heel height; Fash
ion, 1-3/4" |45mm) heel height; Hi-Fashion, 
2-3/8" |60mm) heel height, and Hi-Style. 3-1/2" 
|89mm) heel height. These feet are also available 
as a Symes or Utefoot. on special order, creating a 
total line of womens' feet rivaled by none. 

Specify a set of coordinated feet to your next 
lady amputee and watch her confidence grow as 
she travels comfortably through her varied 
schedule. After all. modern active women prefer a 
choice. 

KINGSLEY MFG. CO. 
POST OFFICE BOX CSN S0I0 

COSTA M E W CALIFORNIA 92628 
>w |7I4| 645-4401 • [8001 854 3479 

Ca&'e Address KINGFEET 

World's leading manufacturer of prosthetic feet with Natural Toes 
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BECKER 

OTTO BOCK 

BURLINGTON 

CAMP 

CAMPBELL-CHILDS 

CASH MFG 

DOW CORNING 

DURR-FILLAUER 

FOSTER MFG CO 

GENERAL TIRE 

GRIEVE CORP 

HOSMER/DORRANCE 

JOHNSON & JOHNSON 

KINGSLEY 

KNIT-RITE 

LACAL SURGICAL 

OHIO WILLOW WOOD 
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SMALLEY & BATES 

SUTTON SHOE MACHINERY CO 

TRUFORM 

UNITED STATES MFG CO 

USS CHEMICALS 

VULCAN HART 

WATERHOUSE LEATHER CO 

H. WENIGER 

FOUR LOCATIONS 
ATLANTA-CHICAGO-DALLAS-ORLANDO 

TWO FABRICATION LABORATORIES 
ATLANTA — ORLANDO 

<$oati4e4*t< PROSTHETIC SIPPLY CO. 
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Meetings and Events 
Please notify the Nat ional Headquarters immediate ly concerning additional meet ing dates . 
It is important to submit meet ing notices as early as poss ible . In the case of Regional 
Meet ings , you must check with the National Headquarters pr ior to confirming date to avoid 
conflicts in schedul ing. 

1984 
M a y 1 3 - 1 9 , Nin th Internat ional Congress 

of Phys ica l M e d i c i n e and Rehab i l i t a t ion , 
Je rusa lem, Israel. Contact : K e n e s , 29 
M a m r e d Street , P .O. Box 29784 , 61297 
Tel-Aviv, Israel. 

May 2 1 - 2 2 , Lou i s i ana State Univers i ty R e 
c iproca t ing Gai t Or thos i s S e m i n a r , L S U 
M e d i c a l S c h o o l , N e w O r l e a n s , 
Lou i s i ana . Co- sponso red b y the L S U 
Dep t . of Pros thet ics and Or tho t ics and 
Durr-Fi l lauer Medica l , Inc. Contact : E u 
n ice LeBlanc , Dept . o f O & P , Lou i s i ana 
Medica l Cente r , 2025 Gravie r Street , 
Su i t e 7 1 4 , N e w O r l e a n s , L o u i s i a n a 
70112 ; 5 0 4 - 5 6 8 - 6 7 7 8 . 

M a y 24 - 2 6 , A O P A R e g i o n V A n n u a l 
Mee t ing , A m w a y Grand Plaza Hotel , 
Grand Rap ids , M i c h i g a n . 

June 1 - 3 , AOPA R e g i o n I X , C O P A , and the 
Cal i fornia Chapters of the A c a d e m y 
C o m b i n e d Annua l M e e t i n g , Lake Ar 
rowhead , Cal i fornia . 

June 4 - 8 , 15th World Congress of R e 
habi l i ta t ion Internat ional o n the t h e m e 
o f " In format ion , Awareness , and U n 
ders tanding for Integrat ion o f D i sab led 
Persons and S o c i e t y , " L i s b o n , Portugal . 
Contact : (Program) Rehab i l i t a t ion Inter
nat ional , 432 Park Avenue Sou th , N e w 
York, N e w York 10016. 

June 6 - 8 , Electric E lbow Semina r , N e w -
ington Ch i ld ren ' s Cen te r , N e w i n g t o n , 
Connec t icu t . P resen ted b y H o s m e r Dor-
rance Corpora t ion . Contac t : Ca the r ine 
W o o t e n , 561 Div i s ion Street , Campbe l l , 
Cal i fornia 95008; 4 0 8 - 3 7 9 - 5 1 5 1 . 

J u n e 9 - 1 0 , Flor ida A c a d e m y Chapte r and 
Flor ida Assoc ia t ion C o m b i n e d Mee t ing , 
Hol iday Inn Surfs ide , Clearwater , Flo
r ida. 

June 1 2 - J u l y 4 , 7th Wor ld W h e e l c h a i r 
G a m e s (formerly Para lympics) , Un ive r 
si ty of I l l inois , C h a m p a i g n , I l l inois . 
Contact : Prof. T i m o t h y Nugen t , R e 
h a b i l i t a t i o n E d u c a t i o n C e n t e r , 1207 
Sou th O a k Street , C h a m p a i g n , I l l inois 
61820. 

J u n e 1 6 - 2 8 , 1984 Internat ional G a m e s for 
the D i sab led , sponsored b y the In te rna
t ional Spor ts Organ iza t ion for the D i s 
ab led , Nassau County , Long Is land , 
N e w York. Contact : M r . Michae l M u -
shett , Direc tor , 1984 Internat ional G a m e s 
for the Di sab led , c/o Specia l Popula t ions 
Uni t , E i s e n h o w e r Park , East M e a d o w , 
N e w York 11554. 

J u n e 1 7 - 2 2 , " 1 9 8 4 — T h e Br ight S i d e , " T h e 
S e c o n d In te rna t iona l C o n f e r e n c e o n 
Rehab i l i t a t ion Eng inee r ing , c o m b i n e d 
wi th the 7th A n n u a l Confe rence on R e 
h a b i l i t a t i o n E n g i n e e r i n g , C o n g r e s s 
Cen t re , O t t awa , On ta r io , Canada . S p o n 
sored b y the Nat ional Research Counc i l 
o f Canada , the Rehab i l i t a t ion E n g i 
neer ing Socie ty of Nor th Amer i ca , and 
the Canad ian Medica l and Biological E n 
g inee r ing Socie ty . Contact : Confe rence 
Serv ices , Nat iona l Research Counc i l of 
Canada , Ot tawa , On ta r io , Canada K 1 A 
0 R 6 . 

J u n e 2 1 - 2 4 , A O P A R e g i o n V I and the A c a 
d e m y M i d w e s t Chap te r Annua l C o m 
b i n e d Mee t ing , Hol iday Inn , Merri l l -
vi l le , Ind iana . 

J u n e 2 7 - 3 0 , AOPA R e g i o n s VI I , VIII , X , 
and XI C o m b i n e d M e e t i n g , Nor th S h o r e 
Conven t ion Cente r , Lake C o e u r d 'Alene , 
Idaho. 

S e p t e m b e r 3 0 - O c t o b e r 5 , 1 6 t h Congress o f 
the Internat ional Soc ie ty for Or thoped ic 
Surgery and Trauma to logy ( S I C O T ) , 
London , Eng land . Contac t : Conference 
Serv ices , L td . , 3 Bute Street , L o n d o n , 
S W 7 3 E Y , U n i t e d K i n g d o m . 
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October 1 - 3 , Discovery ' 8 4 : Techno logy for 
D i sab led Pe r sons , M c C o r m i c k Inn , C h i 
cago , I l l inois . S p o n s o r e d b y Unive r s i ty 
of W i s c o n s i n - S t o u t . Contac t : Office o f 
C o n t i n u i n g Educa t ion , Univers i ty of 
W i s c o n s i n - S t o u t , M e n o m o n i e , W i s c o n 
sin 5 4 7 5 1 . 

October 1 5 - 2 1 , A O P A Genera l A s s e m b l y 
a n d In ternat ional Congre s s , Fon ta ine -
b l eau Hote l , M i a m i B e a c h , Flor ida . 
Contac t : A O P A Nat iona l Headquar te r s , 
703 -836-7116 . 

October 2 3 - 2 7 , IFAS ' 8 4 , the 18th In terna
t ional Trade Fair for Hospi ta l and M e d i 
cal Suppl ies , Zur ich , Swi tzer land . C o n 
tact: J o a c h i m Schafer , Execut ive Di rec 
tor, T E A M , P.O. B o x 3 0 9 2 , 265 Vars i ty 
A v e n u e , P r ince ton , N e w Je r sey 08540 . 
Te lephone : 609 -452-2895 . 

1985 
J a n u a r y 3 0 - F e b r u a r y 3 , A c a d e m y A n n u a l 

M e e t i n g and S e m i n a r , Cathedral Hill 
Hote l , San Franc i sco , Cal i fornia . C o n 
tact: A c a d e m y Nat iona l Headquar te r s , 
703-836-7118 . 

April 1 8 - 2 0 , A O P A R e g i o n IV A n n u a l 
M e e t i n g , W i l m i n g t o n H i l t on H o t e l , 
W i l m i n g t o n , Nor th Carol ina . 

M a y 2 - 4 , AOPA R e g i o n V A n n u a l Mee t 
ing , Hol iday Inn , C leve land , O h i o . 

J u n e 7 - 9 , A O P A R e g i o n I X , C O P A , and the 
Cal i fornia Chap te r s of the A c a d e m y 
C o m b i n e d Annua l M e e t i n g . 

October 1 5 - 2 0 , AOPA A n n u a l Nat iona l 
Assembly , T o w n and Coun t ry Hotel , S a n 
D i e g o , Cal i fornia . Contac t : AOPA Na
t ional Headquar te r s , 703 -836-7116 . 
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The sweet spot is even sweeter, 
when the sore spot is covered with 
AMP-AID. 

A preventative salve to be used on areas 
that may become irritated due to wearing 
a prosthesis, playing golf, tennis, jog
ging, hiking, e tc . 

Use at the first sign of redness. 

For an existing skin irritation or 
discomfort , AMP-AID gives added 

comfort and promotes healing 
while activities are continued. 

The amputee is encouraged 
to consult the Prosthetist 
if the irritation persists. 

Comfort insurance for 

the active amputee 

AMP-AID IS DISTRIBUTED BY: 
Kingsley Mfg. Co. 
Knit-Rite Inc-
Ohio Willow Wood Co. 
PEL Supply Co. 

SUPPLY CO. 
4666 Manufacturing Rd 
Cleveland. Ohio 44135 
Phone: a.c. 216-267-5775 
800.321-1264 
O r t h o t i c & P r o s t h e t i c P a r t * 4c S u p p l i e s 
P a u l E L e i m k u e h l e r . C P p r e s i d e n t 



NEW! modular RoeLite! 
T H E LIGHTWEIGHT 
LOWER EXTREMITY 

PROSTHETIC SYSTEM. 

H o s m e r h a s it! 
Now patients young and 
old have a lightweight 
prosthetic system created 
expressly for their needs. 
Advanced RoeLite. 
Easy to assemble and use, RoeLite 
is up to 50% lighter than most 
modular lower-extremity sys
tems—but gives nothing away in 
terms of strength and long life. 
RoeLite ideally suits those patients 
who desire a lightweight pros
thesis requiring minimum energy 
while walking. 
The new system offers still 
another innovation—the Hanger 
Alignment device—which at
taches to the knee, ankle or socket, 
making alignment adjustments 
simple, secure and easy to control. 

Thoroughly proven over years 
of research & testing by the J.E. 
Hanger Co. in England, RoeLite is 
a trend-setting system under con-

- 1 u 

tinual development. It provides 
many options and variations—all 
exceeding international stan
dards for performance and 
workmanship. 
In addition, RoeLite is fully com
patible with all modular systems 
on the market—giving your 
patients an even wider flexibility 
of component selection. 
For full details on this exciting 
new system that significantly up
grades patient stability and com
fort, call or write your Hosmer 
distributor today. Or contact us 
directly. 

Hosmer 

Hosmer Dorrance Qwporarim 
561 Division Street 
PQB0X37 
Campbell.CA 95008 USA. 
Telephone: (408) 379-5151 
Telex: 171561 



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

Otto Bock 81 Kn i t -R i t e , Inc C-3 
800-328-4058 

Dale Medica l Products 3 
800 -343 -3980 

800-821-3094 

Or thomed ic s 74 
Mr. Dav id Kerr 800-854-3259 

Durr-Fi l lauer Medica l , Inc C-2 P E L Supp ly 9 
800-251-6398 Cus tomer Serv ice 800-321-1264 

Florida Brace 73 
Mr. B e n M o s s 305 -644 -2650 

Gol ige r Lea the r 11 
Cus tomer Serv ice 800-423-2329 

H o s m e r Dorrance Corp 10 
M r . D o n Davis 4 0 8 - 3 7 9 - 5 1 5 1 

In O h i o , please 
call collect 216-267-5775 

Smal ley and Bates 83 
Mr. Lou Kanya 201-239-9014 

Southern Pros thet ic Supp ly C o 6 
Cus tomer Service 800-241-1892 

Su t ton /Land i s 2 
Mr. Jack L y n c h 800-325-3542 

K i n g s l e y M f g 4 U n i t e d Sta tes Mfg. C o . 
Mr. Jeff K ings l ey 800 -854 -3479 

82 
818-796-0477 

LEATHER 
SPECIALISTS 

A QUALITY PRODUCT 
REQUIRES 

QUALITY MATERIALS 
For free information 

and 
Samples 

Toll Free: (800) 4 2 3 - 2 3 2 9 
California: (800) 4 4 1 - 4 6 0 0 

M'l IM1i^ 

601 W. Vine St., Glendale, CA 9 1 2 0 4 
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INFORMATION FOR AUTHORS 
ORTHOTICS AND PROSTHETICS 

INVITES THE SUBMISSION OF ALL ARTICLES AND MANUSCRIPTS 
WHICH CONTRIBUTE TO ORTHOTIC AND 
PROSTHETIC PRACTICE, RESEARCH, AND 

EDUCATION 

All submitted manuscripts should Include: 
1. THE ORIGINAL MANUSCRIPT AND TWO COPIES. If possible, the duplicate manuscripts should be com
plete with illustrations to facilitate review and approval. 

2. BIBLIOGRAPHY. This should be arranged alphabetically and cover only references made in the body of the 
text. 
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INTRODUCTION 

As stated in an ear l ier repor t , 1 w h e n an 
or thos is is appl ied to the knee , it should , 
hypothet ica l ly , al low a full, unres t r ic ted 
range o f mot ion to occur , except at appro
priate l imi ts of mo t ion w h e r e or thot ic con
straints are in tent ional ly in t roduced . Th i s 
ideal s i tuat ion is l imi t ed by the type of 
avai lable or thot ic jo in t s incorpora ted into 
knee o r thoses . W h e n us ing or thot ic knee 
jo in t s w h i c h are unab le to follow the m o 
t ion pa thways o f the natural j o in t , a t ighter 
fi t t ing interface wil l magnify the p i s ton ing 
cons t ra in t due to the mot ion mi sma tch 
b e t w e e n the or thot ic and natural j o in t , 
caus ing pat ient d iscomfor t , mo t ion re
s t r ic t ion, and misa l ignmen t of the or thos i s 
(Lew, et al. (1982) 2 ) . 

In the first part o f this report , it was 
s h o w n that an improved orthot ic knee j o in t 
sys tem was des igned , wh ich decreased the 
p i s ton ing effect b y a l lowing the or thot ic 
jo in t s to more closely imi ta te the natural 
knee k inemat ics (Lewis , et al. (1983) 1 ) . 
T h e s e s e m i - c o n s t r a i n e d , ana tomica l ly -

shaped jo in t s allow i m p r o v e m e n t s in or
thot ic suspens ion to b e real ized, s ince a 
t ighter f i t t ing or thos is wi th these jo in t s 
wil l not increase the p i s ton ing const ra in t . 

A second knee or thos is r equ i r emen t is 
that the or thot ic interface should be de
s igned to compl imen t the funct ion o f the 
or thot ic j o in t s , in the sense that the inter
face should b e able to be modi f ied to 
handle part icular knee ins tab i l i ty p rob 
l ems . 

T h i s report will con ta in a descr ip t ion of a 
knee or thos i s incorpora t ing an improved 
or thot ic j o i n t des ign , its b i o m e c h a n i c a l ra
t ionale , s ignif icant features of the fabrica
t ion and fit t ing p rocess , and a descr ip t ion 
o f several case s tudies . 

F igures 1-A through 1-D present four 
v i e w s o f the p roposed knee or thosis w i th 
"co l la te ra l" or thot ic jo in t s . T h e jo in t s ide 
bars are a t tached to the proximal and distal 
interface c o m p o n e n t s , w h i c h are in turn 
c i rcumferent ia l ly su spended in the th igh 
and calf reg ions b y b road s t raps. To insure 



Figure 1-A. Four views 
of a representative com
pleted orthosis with 
collateral-type orthotic 
joints—anterior view. 

Figure 1-B. Lateral view. Figure 1-C. Posterior 
view. 

Figure 1-D. Medial view. 

adequate f ixation of the or thos i s , the 
interface c o m p o n e n t s are accompan ied b y 
a media l femoral suspens ion pad and a 
proximal t ibial suspens ion pad, each wi th 
its o w n associa ted s t rapping a r rangement . 
Mater ia ls o f the above or thot ic componen t s 
vary wi th the appl icat ion at hand , and wil l 
b e desc r ibed later in this report . 

BIOMECHANICS OF KNEE 
ORTHOSIS SUSPENSION 

A bas ic feature of the p roposed or thosis 
is the use o f a " four -po in t " suspens ion 
pr incip le rather than a " th ree -po in t " fixa
t ion, as is c o m m o n l y prac t iced in or thot ics . 
Three -po in t support is su i table for sta
b i l i z ing a jo in t if l igamentous integr i ty 
and constra int exist across the jo in t , bu t is 
inadequa te wi th a l igamentous defici t , 
w h i c h is f requently the case requ i r ing the 
appl ica t ion of a knee or thos is . 

The l imi ta t ion of the three-point f ixation 
sys tem in the uns table knee is d e m o n 
strated in F igures 2 - A through 2 - E . W h e n 

suspens ion forces are appl ied to a jo in t 
(Figure 2 -A) with a deformity (Figure 2 - B ) , 
the functional forces, and the m o m e n t s 
they create , will t end to b e n d and shear the 
jo in t . W i t h three-poin t support (Figures 
2 - C , 2 - D ) , one segment of the l imb can b e 
held in place at any one ins tant ; howeve r , 
only one force r ema ins to support the sec
ond b o n y segment . Even though the po in t 
of appl icat ion of this force m a y r ema in 
f ixed, the l imb s e g m e n t can rotate about 
the s ingle support poin t , caus ing a shear
ing or d i sp lacement mot ion at the jo in t , 
w h i c h is the very mo t ion that is to b e pre
ven ted . B y contrast , as shown in Figure 
2 - E , a four-point f ixat ion sys tem wil l allow 
two suspens ion poin ts on each l i m b seg
men t , thus control l ing and prevent ing 
mot ion of bo th segmen t s . 

The or thot ic interface c o m p o n e n t s and 
s t rapping a r rangement should be such 
that , g iven an ins tabi l i ty d i rec t ion (such as 
varus, valgus , anter ior or pos ter ior drawer , 
rotat ional , e t c . — a n y o f w h i c h can b e rep
resented b y the ske tches in Figures 2-A 
through 2 -E) , they are capable of be ing al
tered in structure or pos i t ion , to apply the 



Figures 2-A through 2-E. Sketches representing the knee joint and lower limb segments: (A) with a deformity; 
(B) showing the effect of a "three-point"; (C, D) a "four-point"; (E) orthotic suspension. 



four forces and resul t ing m o m e n t s neces 
sary to provide s tabi l i ty or correct a defor
mity, and control mot ion at the jo in t . D e 
tails conce rn ing the suspens ion c o m p o 
nents of the p roposed or thos i s , together 
w i t h the i r appl ica t ion in the restraint of 
var ious ins tab i l i t i es , wil l b e presen ted 
be low. 

SIGNIFICANT 
FABRICATION FEATURES 

A standard plaster negat ive impress ion 
is t aken of a pa t ien t ' s lower l i m b . As the 
plaster se ts , cons tant pressure is appl ied to 
the media l femoral supracondylar region , 
so that the impress ion retains an accurate 
descr ip t ion of the ind iv idua l ' s ana tomy in 
th is area. An accurate impress ion of the 
med ia l t ibial flair region is also ob ta ined . 
The pos i t ive plaster impress ion is then 
m a d e and modi f ied , wi th e m p h a s i s g iven 
to the parallel bu i ldups on bo th s ides o f the 
knee , to ensure that or thot ic j o in t s are 
parallel to each o the r and perpendicular to 
the jo in t space . S ideba r s con ta in ing the 
orthot ic jo in t des igns are con toured to the 
pos i t ive plaster impress ion , so that the 
jo in t space of each or thot ic jo in t is located 
at the level o f the natural j o in t space , mid
way in the anter ior -pos ter ior plane of 
the knee . In the comple ted or thos is , it is 
in tended to place the or thot ic j o in t s as 
closely as poss ib le to the natural knee jo in t . 
Proximal and distal interface c o m p o n e n t s 
are fabricated b y vacuum-fo rming a ther
moplas t ic over the pos i t ive plaster impres 
s ion. In this p rocess , the orthot ic jo in t 
s idebars are mechan ica l ly t h e r m o b o n d e d 
to the interface, w h i c h is i tself c o m p o s e d o f 
two layers of thermoplas t ic t h e r m o b o n d e d 
to each other . U s i n g the media l femoral 
supracondylar depress ion on the pos i t ive 
plaster impress ion , a media l femoral sus
pens ion pad is fash ioned out of any poss i 
ble n u m b e r of mater ia ls (acrylic cemen t , 
hard rubbe r , e tc . ) , and is securely a t tached 
to the proximal media l j o in t s idebar . F ig
ures 1-A through 1-D present the four 
v i ews of a comple ted or thosis wi th "col lat
era l" or thot ic jo in t s . Detai ls o f several fea
tures o f the or thos i s , as wel l as the i r ra t ion
ale, are desc r ibed be low. 

INTERFACE SUSPENSION 
IMPROVEMENTS IN THE 
NU ORTHOSIS SYSTEM 
Medial Femoral Suspension Pad 

Figure 3-A. Inside view (posterior aspect) of the me
dial femoral suspension pad. Note the thin layer of 
padding covering the acrylic cement. 

A c o m m o n problem which occurs wi th 
knee orthoses is distal s l ippage during 
function. To provide additional resis tance 
to this s l ipping, the orthosis incorporates a 
suspens ion pad in the medial femoral su
pracondylar region. The basic geometry of 
this medial femoral suspens ion pad is 
shown in Figure 3 -A, and its fabrication is 
descr ibed in the previous sect ion of this 
report. Th is particular pad is m a d e from a 
cold-curing acrylic cement wi th a thin pad
ded cover ing, al though other materials such 
as hard rubber can b e used, depending 
upon the clinical s i tuat ion. The th ickness of 
the medial femoral pad can b e varied. For 
example , g iven a post-surgical or post- in
jury condi t ion wi th associated muscular 
atrophy, the pad can b e ground away and 
resurfaced (decreasing its depth) as the vol
ume o f the thigh musculature increases 
during the rehabil i tat ive physical therapy 
process. 



Figure 3-B. Outside view (posterior aspect) of the 
medial femoral suspension pad and associated strap. 
Note the pad and strap attachments to the inner and 
outer surfaces of the medial orthotic sidebar, respec
tively. 

Figure 3-C. Medial femoral pad engages the medial 
femoral supracondylar region. 

Figures 3-B and 3-C show that the medial 
femoral suspens ion pad is securely at tached 
to the inner surface of the media l orthotic 
jo int s idebar . To insure that the medial fe
moral pad is securely placed against the 
femur, a strap w h o s e or igin is on the outer 
surface of the medial orthotic jo in t s idebar 
(Figures 3 -B and 3-C) encircles the thigh 
anteriorly (Figure 3 -D) , and reattaches over 
the broad strap of the proximal interface 
(Figure 3-E) . T igh ten ing this strap pulls the 
thigh (medial femoral supracondylar re
gion) against the media l femoral suspens ion 
pad (Figure 3-E) . T h e clinical s ignif icance of 
the forces generated by this pad and strap, 
as they pertain to the four-point suspens ion 
system, will be descr ibed later in this re
port. 

Proximal and Distal Interface 
Components 

T h e des ign cri ter ia for proximal and 
distal interface c o m p o n e n t s are that they 
should b e : 

• r igid and s t rong e n o u g h to wi ths t and 
repea ted funct ional loads , or correct 
and hold a deformi ty 

• l igh tweight 
• unob t rus ive and cosmet ica l ly accept

able 
• comfor table 
• able to b e modi f i ed to genera te differ

ent c o m b i n a t i o n s of four-point sus
pens ion forces 



Figure 3-D. Strap for the medial femoral pad encircles 
the thigh anteriorly, pulling the thigh against the pad. 

Figure 3-E. Completed strapping arrangement for the 
medial femoral suspension pad. 

T h e proximal and distal interface c o m 
ponen t s of the major i ty o f p roposed or tho
ses fabr icated to date (part icularly athlet ic 
appl ica t ions) cons i s t o f a copo lymer , wi th a 
c o m p o s i t i o n of ten percent po lye thy lene 
and 90 percent po lypropylene . T h i s type of 
plast ic has excel lent r igidi ty, is l ight
we igh t , and is a thermoplas t ic in that it has 
good workab i l i ty wi th vacuum-fo rming . A 
comple ted or thoses us ing th is co -po lymer 
w e i g h s approximate ly one and one-ha l f 
pounds . For s o m e non-a th le t ic appl ica
t ions , an acrylic plast ic wi th a r u b b e r addi
t ive (P lex ig lass -DR, R h o m , and Haas) is 
used . T h i s plast ic is contact clear and h igh 
impac t res is tant . A third type of interface 
mater ia l , used in geriatr ic appl ica t ions , is a 
foamed polyvinyl chlor ide (Foamex , Alu-

suisse Meta l s , I nc . ) . It is ext remely l ight
we igh t , yet has adequa te r igidi ty . 

A lmos t all of the or thoses fabr icated to 
date have b e e n of the pos ter ior o p e n i n g 
type (F igures 1-A th rough 1-D). As de
sc r ibed earl ier , the proximal and distal 
interface c o m p o n e n t s are cons t ruc ted b y 
vacuum-fo rming two layers of the rmo
plastic over the pos i t ive plaster impres 
s ion , p rov id ing a r ig id interface a long wi th 
a m e t h o d of mechan ica l ly a t taching the 
or thot ic jo in t s idebars (Figure 1-D). T h e 
interface c o m p o n e n t s are s u s p e n d e d circumferentially in the th igh and calf reg ions 
b y b road straps c o m p o s e d o f g u m r u b b e r 
wi th a lea ther b a c k i n g . These straps or ig i 
nate (a t tached wi th r ivets) just posterior to 
the t h e r m o b o n d e d s idebars , encirc le the 



l i m b segmen t s , and attach again v ia Velcro® str ips on the an ter ior surfaces o f the 
proximal and distal c o m p o n e n t s . No te that 
the straps avoid the popl i teal r eg ion , in 
sur ing pa t ien t comfort . Th i s plast ic and 
s t rapping a r rangement provides for r ig id 
interface c o m p o n e n t s , yet , b ecause of the 
s t rapping , the c o m p o n e n t s can a c c o m m o 
date the vo lume changes of the lower l i m b 
muscula ture dur ing ac t iv i t ies . 

B e c a u s e o f the vacuum-fo rming tech
n i q u e , the t r im l ines o f the proximal and 
distal interface c o m p o n e n t s can b e m o d i 
fied to the specif ic cl inical s i tuat ion at 
hand . F igures 1-A through 1-D s h o w 
typ ica l ly -shaped in terface c o m p o n e n t s . 
H o w e v e r , if the o r thos i s is i n t ended to cor
rect cer ta in deformi t ies , as wil l b e de
sc r ibed in some o f the case s tud ies , the 
proximal and distal interface c o m p o n e n t 
t r im l ines can b e al tered, c rea t ing a more 
b road or local ized c o m p o n e n t , d e p e n d i n g 
u p o n the s i tuat ion. 

Proximal Tibial Suspension Pad 
T h e proximal t ibial s u s p e n s i o n pad and 

two assoc ia ted s t raps are s i tua ted jus t 
p rox imal to the distal interface c o m p o n e n t , 
distal to the jo in t space (refer to F igure 
4 - A ) . The pad is fabr icated b y heat fo rming 
F o a m e x (Alusuisse Meta l s , Inc . ) over the 
t ibial tuberc le reg ion of the pos i t ive plas ter 
impre s s ion , and is a t tached wi th a short 
strap to the lateral j o in t s idebar . 

T h e first s tep in d o n n i n g the proximal 
t ib ia l pad is to enc i rc le the upper calf re
g ion wi th the top strap in F igure 4 - A , such 
that it passes poster ior ly unde r the med ia l 
j o in t s ideba r (Figure 4 - B ) , a round the calf 
and over the lateral j o in t s idebar , and at
taches w i th Velcro® on the an ter ior surface 
o f the proximal t ibial pad (Figure 4 - C ) . The 
bo t t om strap in F igure 4 - A is then looped 
a round the media l j o in t s idebar (Figure 
4 - D ) , pa s sed a round the upper calf r eg ion , 
ove r the lateral s idebar , and b e c o m e s at
tached wi th Velcro® on the an ter ior surface 
o f the proximal t ibial pad (Figure 4 - E ) . 

T h e force sys t em genera ted b y the 
p rox imal t ibial pad and straps in F igures 
4 -A through 4 - E is s h o w n b y the cross sec
t ional ske tches in F igure 5 -A and 5 - B . 

Figure 4-A. Proximal tibial suspension pad with two 
associated straps. Note that the pad is attached to the 
lateral orthotic joint sidebar. 

Figure 4 -B . The upper strap is the first to be secured, 
as it is passed under the medial joint sidebar and 
around the upper calf region. 



Figure 4-C. The upper strap continues around the 
posterior calf, and passes over the lateral joint side
bar. The upper strap is secured by a Velcro® bond to 
the anterior surface of the proximal tibial pad. 

Figure 4-D. The lower strap is initially looped around 
the medial joint sidebar. 

Figure 4-E. The lower strap is then passed around the 
upper calf, outside of the lateral sidebar, and is se
cured by a Velcro(R) strip on the anterior surface of the 
proximal tibial pad. Both upper and lower straps are 
properly attached in this photograph, securing the 
proximal pad to the limb and orthosis. 

W h e n the pad is a t tached to the lateral j o in t 
s idebar , and the top strap (the one w h i c h 
encirc les the calf itself) is t igh tened , the 
pad and strap create a m o m e n t w h i c h 
forces the t ibial pad to pivot abou t the lat
eral j o in t s idebar , d isp lac ing it poster ior ly 
and rotat ing it internally (Figure 5-A). The 
bo t t om strap, on the other hand , acts to 
hold the upper t ib ia in its neutral pos i t ion , 
p rov id ing a l imit to the act ion of the top 
strap. T h i s type of a r rangement would b e 
used on a knee wi th an anteriolateral ins ta
bi l i ty (anter ior cruciate-lateral capsule in
suff ic iency) , s ince it would prevent this in
stabi l i ty b y forcing the knee poster ior ly 
and into internal rotat ion. 

If the s t rapping a r rangement was such 
that the proximal t ib ia l pad was ini t ial ly 
a t tached to the media l rather than lateral 
jo in t s idebar , t i gh ten ing the top strap 
would force the t ib i a poster ior ly and rotate 
it external ly (Figure 5-B). Th i s a r rangement 
wou ld b e used to restrain a knee wi th an 
an tero-media l ins tab i l i ty (anter ior cruci
ate-medial collateral and/or medial capsule 



Figure 5-A. If the proximal tibial pad is attached to the lateral joint sidebar, tightening the upper strap in Figure 
4-A—which encircles the calf itself—displaces the tibia posteriorly and rotates it internally. 

Figure 5-B. If the proximal tibial pad is attached to the medial orthotic joint sidebar, tightening the upper strap 
displaces the tibia posteriorly and rotates it externally. 



insuff ic iency) . Note that in th is case , the 
p rox imal t ibial pad straps are appl ied in 
the s a m e w a y as desc r ibed a b o v e , the on ly 
difference b e i n g that the pad is secured to 
the media l ra ther than lateral j o in t s idebar . 

The fol lowing is an example of h o w the 
proximal t ibial pad can interact w i th the 
o ther s u s p e n s i o n c o m p o n e n t s to p rov ide 
knee stabil i ty. If an or thosis is p laced on a 
knee wi th the ob jec t ive of r educ ing an
ter ior d i sp lacement o f the t ib ia , the proxi 
mal tibial pad is p laced anteriorly, as in 
F igu res 4 - A through 4 - E . T h e four-point 
s u s p e n s i o n forces genera ted b y the or
thos is are s h o w n by the sketch in Figure 
6-A. W h e n c o m b i n e d wi th the anter ior ly-

directed force of the distal interface c o m 
ponen t , the pos ter ior ly-di rec ted force of 
the p rox imal t ib ia l pad creates a m o m e n t 
w h i c h forces the t ib i a poster ior ly, as wel l as 
s t ra ightens the t ib ia , thus p reven t ing it 
from p ivo t ing abou t the distal interface 
c o m p o n e n t . T h e anter ior ly-directed force 
of the proximal interface c o m p o n e n t com
b i n e s w i th the pos ter ior ly-di rec ted force of 
the media l femoral s u s p e n s i o n pad (wi th 
i ts strap enci rc l ing the th igh anter iorly, 
t he reby forcing the th igh poster ior ly) to 
create a m o m e n t control l ing the m o t i o n 
prox imal to the jo in t . T h u s , the above four 
forces l imi t the an ter ior d i sp lacement o f 
the t ib ia and control the m o t i o n at the j o i n t . 

Figure 6-A. Four-point suspension forces generated by the orthosis to control anterior subluxation of the tibia. 
Note the anterior position and subsequent posteriorly-directed force of the proximal tibial pad. 



Figure 6-B. Four-point suspension forces generated by the orthosis to control posterior subluxation of the tibia. 
Note the posterior position and anteriorly-directed force of the proximal tibial pad. 

If the or thot ic ob jec t ive was to control 
pos te r ior sub luxa t ion at the k n e e , the 
proximal t ib ia l pad can b e placed poster
iorly as demons t r a t ed in F igure 6 - B . T h e 
sketch s h o w s that the anter ior ly-di rec ted 
force o f the p rox imal t ibial pad c o m b i n e s 
w i th the pos ter ior ly-di rec ted force of the 
distal interface componen t to create a m o 
m e n t w h i c h s t ra ightens the t i b i a a n d forces 
it anteriorly. T h e pos ter ior ly-d i rec ted force 
of the proximal interface c o m p o n e n t c o m 
b i n e s w i th the media l femoral pad ' s an
ter ior ly-di rec ted force (ob t a ined b y i ts 
strap enc i rc l ing the th igh pos ter ior ly) , 
cont ro l l ing the mo t ion prox imal to the 
jo in t . T h u s , the above four forces l imi t the 
pos te r ior d i sp lacemen t of the t ib i a and 
control the mo t ion at the jo in t . 

COMMON FITTING 
MODIFICATIONS 

Severa l modi f ica t ions of the prev ious ly 
de sc r ibed interface c o m p o n e n t s can b e 
eas i ly m a d e at the t ime of f i t t ing. T h e m e 
dial femoral su spens ion pad can b e re
m o v e d , and can b e increased or decreased 
in s ize d e p e n d i n g u p o n the ind iv idua l ' s 
muscula ture vo lume c h a n g e . T h e co-poly
m e r thermoplas t ic o f the p rox imal and 
distal interface c o m p o n e n t s can b e eas i ly 
hea ted and flaired away f rom p r o b l e m 
pressure areas . T h e plast ic can also b e con
ven ien t ly g round a w a y for comfort cons id 
era t ions . N o t e that the fit of the knee or
thos is shou ld b e ex t remely in t ima te , and 
the sys t em w a s des igned to b e w o r n di-



rect ly aga ins t the skin . G i v e n the fact that 
the improved or thot ic j o in t s m i n i m i z e the 
p i s t o n i n g const ra in t , t ight ly fi t t ing inter
face c o m p o n e n t s insure a funct ional ly effi
c ient and re l iable knee or thos i s sys tem, 
w h i l e at the same t ime p rov id ing for pa
t ient comfort and a cosmet ica l ly acceptable 
result . 

ORTHOTIC EVALUATION 
To date , approximate ly seventy pa t ients 

have b e e n fit w i th the or thos is . Sub jec t ive 
resul ts have b e e n very satisfactory. A de
tai led cl inical evalua t ion is in progress , and 
wil l b e repor ted in the future. W e are also 
a t t empt ing to deve lop more ob jec t ive or
thot ic evalua t ion cr i ter ia , b a s e d upon bo th 
cl inical and mechan ica l ( laboratory) eval
ua t ions . To provide some idea of the types 
of pa t ien t s b e i n g fit in th is ser ies of cl inical 
tr ials , as wel l as the i r early resul ts , a de
scr ip t ion of several case reports will follow. 

CASE STUDIES 
Case #1: A twenty- two year old female 
col legiate baske tba l l player sus ta ined an 
acute injury to the anter ior crucia te and 
media l collateral l igaments of her left knee . 
S h e unde rwen t surgery, hav ing an arthrotomy, a media l collateral l igament repair , a 
pes anse r ine transfer, and a media l menisectomy. W e evaluated he r at a po in t in 
t ime n ine m o n t h s post -surgery. He r af
fected knee exh ib i t ed anter ior laxity, an 
an te ro-media l rotatory ins tabi l i ty , and a 
valgus deformity, bu t had a nega t ive pivot 
shift test . T h e or thot ic goal in th is case was 
to s tabi l ize her chronica l ly uns tab le knee 
resul t ing from her in jury and repai r sur
gery. 

S h e w a s fit wi th an or thos is wi th a hy
b r id c o m b i n a t i o n of anter ior crucia te and 
collateral l igament straps (Figure 7 ) . T h e 
three collateral s traps l imi ted he r valgus 
ins tab i l i ty th roughout the f lexion range , 
and the one anter ior crucia te strap (which 
t igh tened at 45 degree f lexion) l imi ted the 
anterior displacement in her knee. In the 
sagittal p lane , the interface c o m p o n e n t s 

and s t rapping res i s ted the an ter ior d is 
p l acemen t of the t ib ia b y genera t ing the 
four-point suspens ion forces s h o w n in 
Figure 6-A. S ince an an te ro-media l rotat
ory ins tab i l i ty was presen t ( t ib ia internal ly 
rota tes) , the proximal t ibial su spens ion 
pad w a s a t tached to the media l or thot ic 
s idebar , s imilar to that s h o w n in F igure 
5 - B . T h u s , t igh ten ing the proximal t ib ia l 
pad straps p re -pos i t ioned the t ib ia in ex 
ternal rota t ion, l imi t ing the an te ro-media l 
ins tabi l i ty . After b e i n g fit w i th the o r tho
s is , the pa t ien t has b e e n ab le to r e s u m e 
v igorous athlet ic act ivi ty, inc lud ing b a s 
ketbal l , wh i l e w e a r i n g the or thos is . 

Figure 7. An orthosis for the patient in Case Study #1, 
providing correction for her antero-medial rotatory 
instability. Note the hybrid ligament strap combina
tion (three collateral straps and an anterior cruciate 
strap which tightens at 45 degrees of flexion), as well 
as the use of the co-polymer thermoplastic. 



Case # 2 : A twen ty yea r old male ( 6 ' -
5 1/2", 240 l b s . ) , w h o plays baske tba l l for a 
local univers i ty , in jured h is r ight knee 
w h e n he w e n t up for a r e b o u n d , and c a m e 
d o w n off-balance w h i l e s imul taneous ly 
b e i n g h i t b y ano the r player. A n e x a m i n a 
t ion revealed an an te ro-media l rotatory in 
stabi l i ty , w i th a poss ib le an ter ior crucia te 
injury. 

At a later date , h e re in jured the same 
k n e e , this t ime sus t a in ing a part ial tear o f 
the media l collateral and anter ior crucia te 
l i gamen t s . H e w a s put in a long leg cast , a 
prepatory or thos i s , a n d finally, after s o m e 
knee rehabi l i t a t ion , the def ini t ive or thos i s 
s h o w n in F igure 8. 

The cons t ruc t ion of the or thos i s is the 
same as that for the pa t ien t in the first c a se , 
wi th the h y b r i d an ter ior cruciate-col lateral 
l i gament straps b e i n g used . T h e pa t ien t 
ha s b e e n able to r e s u m e his athlet ic ac
t ivi t ies s ince b e i n g fit wi th the or thos is . 

Case # 3 : A fifteen year old female sus 
ta ined a torn left pos te r ior crucia te l iga
m e n t from a " d a s h b o a r d in ju ry" dur ing an 
au tomob i l e acc ident . T h e torn pos te r io r 
crucia te w a s surgical ly repa i red b y a m o d 
if ied J o n e s p rocedure . 

T h e pa t ien t also deve loped a large pres
sure sore on he r mid-pos te r io r calf from the 
pos topera t ive cast . T h e or thot ic ob jec t ive 
in th is case w a s to p reven t knee m o t i o n s 
and loads w h i c h w o u l d load or d is rupt the 
pos te r ior crucia te repai r , thus pro tec t ing it 
wh i l e it hea ls , and a l lowing the pa t ien t to 
unde rgo a phys ica l therapy p rogram. 

T h e pa t ien t was ini t ial ly fit w i t h a pre
para tory or thos i s (desc r ibed be low) wi th 
pos te r io r cruciate or thot ic j o in t s . T h e pre
para tory or thos is a l lowed the pa t ien t to 
comple te a phys ica l therapy program, re
bu i l d ing he r lower l i m b muscu la tu re , a n d 
prov ided s tabi l i ty w h i l e normal w a l k i n g 
w a s res tored . T h e or thos i s w a s ini t ia l ly fit 
so as not to i m p i n g e upon the pressure sore 
reg ion , a l lowing it to rapidly heal . 

Four m o n t h s postoperat ively , as h e r 
muscula ture vo lume inc reased to nea r 
normal , she w a s fit w i th a def ini t ive pos 
ter ior crucia te or thosis (Figure 9 ) . T h e 
pos te r ior crucia te or thot ic j o in t s were u sed 
in con junc t ion wi th the pos te r ior p lace
m e n t o f the proximal t ibial pad , and nor 
mal pos te r io r -open ing proximal and distal 
interface c o m p o n e n t s . No te that the in te r 
face mater ia l for this non-a th le t ic appl ica
t ion is P lex ig lass -DR. T h e pa t ien t w a s soon 
ab le to r e s u m e m a n y dai ly funct ional ac
t ivi t ies w h i l e the l igament repai r con
t inued to heal . 

The prepara tory or thos is m e n t i o n e d in 
the above case s tudy is i n t ended to p rov ide 
s tabi l i ty dur ing the per iod b e t w e e n the 
plaster fracture o r thos i s and a def in i t ive 
knee or thos i s . As s h o w n in F igure 10 , the 
p repa ra to ry o r t hos i s is f ab r i ca t ed b y 
w r a p p i n g a set of or thot ic j o in t s in a t em
porary interface mater ia l such as Sco tch -
Cas t (3M C o m p a n y ) . T h e prox imal t ibial 
s u s p e n s i o n pad is also inc luded . T h i s type 
o f o r thos i s is u sed in s i tua t ions (post-sur
gical or pos t - in jury) in w h i c h the lower 
l i m b muscula ture has a t roph ied , and w h e n 
the pa t ien t wil l subsequen t ly unde rgo 
phys ica l therapy. Dur ing this t i m e , the 

Figure 8. The definitive orthosis for the patient in 
Case Study #2. The orthosis is the same basic design as 
in Figure 7. 



lower l i m b muscula ture wil l increase in 
vo lume wi th the therapy, thus m a k i n g it 
impract ica l to fabr icate several "def in i 
t i v e " or thoses dur ing this relat ively b r i e f 
per iod . Ins tead , the preparatory or thoses 
are easi ly, cheaply, and reliably applied as 
n e e d e d , as t he m u s c u l a t u r e v o l u m e 
changes , w i th the pa t ien t b e i n g fit wi th the 
def in i t ive or thos i s on ly w h e n the lower 
l imb has s tab i l ized at its normal geometry . 

Case # 4 : A twen ty -one yea r old male 
sus ta ined a hyperex tens ion- type injury to 
bo th knees . Examina t ion of h is left knee 
revealed a fracture o f the media l t ibial pla
teau, and an antero-lateral rotatory ins ta
bi l i ty . H i s r ight knee exh ib i t ed bo th an
tero-lateral and posterolateral rotatory in 
s tabi l i t ies . 

T h e pa t ien t unde rwen t surgery, hav ing a 
partial media l m e n i s e c t o m y o f h i s r ight 
knee , as wel l as a repair to the anter ior 
cruciate l igament and posterolateral cap
sule of the same k n e e . The or thot ic o b j e c 
tive for h is r ight knee was pos t -surgica l in 
nature ; that i s , p reven t ing the repa i red 
structures from b e c o m i n g loaded. S ince 
the pa t ien t also presen ted wi th a marked 
pos ter ior ins tabi l i ty , a special distal inter
face was fabr icated and used in con juc t ion 
wi th an anter ior ly-placed proximal t ibial 
pad and pos ter ior cruciate l igament straps 
(Figures 1 1 - A and 1 1 - B ) . T h e distal in ter
face w a s c losed bo th anter ior ly and pos 
teriorly, keep ing the knee in i ts neutral 
an ter ior -pos ter ior pos i t ion dur ing flex-

Figure 9. Posterior cruciate orthosis design for the 
patient in Case Study # 3 . Note the posterior cruciate 
orthotic joints (ligament straps), and the posterior 
position of the proximal tibial suspension pad. The 
four-point suspension in this case is the same as in 
the sketch of Figure 6-B. The interface material used 
was clear Plexiglass-DR. 

Figure 10. A typical prepatory orthosis design using 
ScotchCast (3M Company), incorporating collateral 
orthotic joints and an anteriorly-placed proximal 
tibial pad. 



Figure 11-A. The definitive orthosis for the sub
ject of Case Study #4. Note the anterior position of 
the proximal tibial pad, the fact that the distal 
interface is closed both anteriorly and posteriorly, 
and the presence of the posterior cruciate ligament 
straps. 

Figure 11-B. Posterior view of the orthosis for the 
patient in Case Study #4. 

i on -ex tens ion , and a l lowing the repa i red 
t i ssue to heal . T h e proximal t ib ia l pad w a s 
a t tached to the lateral or thot ic s idebar , re
s t ra in ing the anterolateral ins tab i l i ty as 
s h o w n in F igure 5 -A. T h e pa t ien t also 
eventual ly rece ived a conven t iona l pos 
t e r i o r - o p e n e d o r t h o s i s w i t h co l la te ra l 
l i gament s traps to prov ide restraint for the 
chron ic antero-lateral rotatory ins tab i l i ty 
in h is left knee . 

DISCUSSION 
W e have appl ied our knee or thos is to a 

w i d e range of pat ient p rob l ems , inc lud ing 
those wi th chron ic l i gamen tous laxity, 
pos t - t raumat ic ins tabi l i ty , pos topera t ive 

l i gamen tous recons t ruc t ions , pa t ients w i th 
total knee rep lacements , pos t -po l io appl i 
ca t ions , as wel l as o thers . T h e s e p r o b a b l y 
represent the spec t rum o f potent ial users o f 
knee or thoses . T h e results to date have 
b e e n qui te satisfactory. The re have b e e n 
compla in t s c o m m o n to all knee o r thoses , 
such as cosmes i s and i n c o n v e n i e n c e , bu t 
general ly, the cl inical results have fulfilled 
our des ign expec ta t ions of a t ighter f i t t ing, 
more funct ional o r thos i s , b y vi r tue of the 
improved anatomical ly shaped or thot ic 
jo in t s . Sub jec t ive ly , results have b e e n be t 
ter than our previous expe r i ence wi th o ther 
commerc ia l ly avai lable o r thoses . A formal 
cl inical evalua t ion wil l b e repor ted in the 
nea r future. 
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Ottawa Experience With Hip 
Disarticulation Prostheses 
Tony van der Waarde, C.P. (C), F.C.B.C. 

INTRODUCTION 
B y far the greatest re jec t ion rate a m o n g 

pros thes i s users in the group of lower 
l imb ampu tees is that of the h igh level 
a m p u t e e , i . e . , ve ry shor t a b o v e - k n e e , h ip 
d isar t icula t ion, and comple te or i n c o m 
plete h e m i p e l v e c t o m i e s (or t rans-pelv is 
amputa t ions ) . In order to assess the state of 
the art in these ca tegor ies , a s tudy w a s in
i t ia ted in 1980 a m o n g pat ients w h o had 
failed to ga in sat isfact ion from thei r pros
theses and had ul t imately resor ted to am
bula t ion o n cru tches ra ther than b e re
s t r ic ted b y unga in ly and awkward artificial 
l i m b s . 

N u m e r o u s letters wr i t t en to wel l - re 
spec ted pros the t i s t s , phys i c i ans and re
hab i l i t a t ion eng ine e r s a round the wor ld 
sol ic i ted o p i n i o n s on the apparent lack of 
success in fi t t ing these c l ien ts . After com
pi l ing the data from these sources , a n d an 
ex tens ive l i terature search, no def ini t ive 
protocol or fi t t ing t e c h n i q u e e m e r g e d to be 
u sed as a base for further deve lopmen t 
(Figure 1 ) . As wel l , direct pa t ien t feedback 
on a n u m b e r of pros thet ic des igns wi th 
readi ly avai lable c o m b i n a t i o n s of pros
thet ic j o i n t s and socket mater ia ls s h o w e d 
n o apparent inc rease (or decrease) in 
pros the t ic use b y ampu tees . 

In 1982, several ampu tees were aga in 
fitted w i t h sl ightly different c o m b i n a t i o n s 
of c o m p o n e n t s and sockets . T h r o u g h the 

use of ques t ionna i r e s , speak ing to o the r 
profess ionals in the field, and cl ient feed
back , a pat tern b e g a n to deve lop w h i c h 
ident i f ied the areas of greatest conce rn to 
the pat ient . S o m e o f these w e r e as fol
lows: socket d iscomfor t , mobi l i ty , w e i g h t 
of p ros thes i s , insecur i ty , and ene rgy ex
pendi tu re . 

Figure 1. Hip disarticulation prosthesis fabricated in 
Japan (Yaesu-Labour Corp.) consisting of a diagonal 
polypropylene socket and knee rotator and adjusta
ble multiaxial foot. 



METHODOLOGY 
Uti l iz ing the rehabi l i ta t ion eng inee r ing 

gai t laboratory of the Royal O t t awa R e 
gional Rehab i l i t a t ion Cen t re , angle- t ime 
d iagrams from h i p , knee , and ankle jo in t s 
w e r e r eco rded b y e l e c t r o g o n i o m e t e r s ; 
graphs were plot ted b y a P D P 1 1 compute r 
to focus on such concerns as mobi l i ty , 
speed , and energy expendi ture . The s a m e 
was done for step length , force d isp lace
m e n t , and we igh t d is t r ibu t ion as recorded 
b y a force platform. A spli t image v ideo 
recording projected the pa t ien t s imul tane
ously from a lateral aspect as wel l as from 
an anter ior or pos te r ior v iew. T h i s latter 
feature was ext remely helpful in analyz ing 
the var ious stages o f the gai t cycle , as the 
record ing could be replayed frame b y 
frame. 

T h e ampu tee also found v i ewing the 
v ideo tapes helpful in under s t and ing w h y 
he / she walked in a certain fash ion . O n c e 
taught h o w to correct these gait faults, the 
ind iv idua l did so qui te readily. B y cross 
e x a m i n i n g bo th v ideo record ings and 
compute r graphs , the pros thet i s t w a s ab le 
to align the pros thes i s more accurately. 

T h e amoun t o f ene rgy expendi ture re
qu i red to walk (at a s tandard wa lk ing rate) 
wh i l e wea r ing different pros theses can b e 
measu red b y an oxygen c o n s u m p t i o n 
analyzer . By m e a s u r i n g energy expend i 
ture, it ha s b e e n ob s e rv ed w h i c h type of 
pros thes i s requi res the least oxygen con
sumpt ion . T h i s obse rva t ion should affect 
future prosthet ic des igns . 

AREAS OF CONCERN 
• Socket Discomfort 

T h e locat ion of greatest p ressure is usu
ally on the ischial tuberos i ty w h e r e mos t o f 
the we igh t is b o r n e , bo th in wa lk ing and 
s i t t ing. M o s t conven t iona l sockets w i th 
r ig id or semi- r ig id polyes ter l amina t ions 
or thermoplas t ics are only s l ight ly padded 
wi th felt, P E L I T E or leather in this area. In 
some cases , we igh t w a s bo rne in the sym
phys i s pub i s area w h i c h resul ted in an a b 
ducted gait and awkward sitting positions 
(Figure 2 ) . 

Pa t ien ts compla ined o f skin b r e a k d o w n , 
heat rashes and general discomfort . T h e y 
also compla ined of p rob l ems from the 
proximal socket r im w h i c h t ended to dig 
into the lower r ibs dur ing s i t t ing and 
b e n d i n g , usually leaving large b ru i se s . 

S o m e of these compla in t s were ove rcome 
b y us ing rubbe r i zed sockets fabr icated 
from var ious commerc i a l R T V s i l icone 
rubbe r s , e .g. , I P O C O N * or O R T H O S I L * . 
S o m e cus tom socket changes to create dif
ferent we igh t -bea r ing areas i . e . , be low the 
iliac crest , p roved satisfactory in several 
cases . Fur ther s tudies need to b e done to 
fully assess the advantages and disadvan
tages o f the use of these materials (Figures 3 
and 4 ) . 

• Mobility 
Lack o f mob i l i t y can lead to painful a n d 

embarrassing situations. Most patients 
compla ined of the necess i ty of thoroughly 

Figure 2. Standard Otto Bock design with 7E4 hip 
joint, semirigid acrylic laminated socket, showing 
significant distance between the ischial tuberosity 
and the bottom of hip joint mechanism. 



Figure 3. Silicone socket indicating the amount of 
flexibility. 

Figure 4. Indicating the deformation of the rubber 
socket in extreme trunk bending position. 

p lann ing ahead , once away from the i r 
famil iar h o m e or w o r k i n g env i ronmen t . 
W i t h i n the area of mobi l i ty , two conce rns 
arise for the ampu tee—ve loc i t y and m a 
neuverabi l i ty . 

M o s t amputees are qu i te adept at crutch 
wa lk ing and can cover a larger d i s tance in a 
shor ter per iod of t ime on crutches than b y 
walk ing wi th their p ros theses . In a n u m b e r 
of cases , to encourage pros thes i s u se , spe
cial h ip and knee ex tens ion ass is ts were 
used to increase the veloci ty of wa lk ing . 
H o w e v e r , n e w but undes i rab le e l ements 
were b rough t in to play b y these adapta
t ions . T h e s e add i t iona l fea tures w e r e 
eventua l ly rejected b y all pa t ien ts (Fig
ure 4 ) . 

Maneuve rab i l i t y is a dai ly p r o b l e m en
counte red b y h ip disar t icula t ion pa t ien ts 
on a large scale. S o m e o f these p rob lems l ie 
in the type of terrain covered , lack o f space 
to maneuve r , and the m o t i o n of s i t t ing and 
s t and ing . 

• Weight of Prosthesis 
T h e average we igh t o f the h ip disar t icu

lat ion pros thes i s var ies from four to n ine 
k i l og rams—depend ing on the addi t ional 
opt ional extras in the p ros the s i s—which is 
general ly d e e m e d acceptab le . The use of 
to rque abso rbe r s , 4 - b a r l inkage h ip and 
knee jo in t s , and mult i -axial feet all add 
s igni f icant ly to the overall we igh t . T h e 
se lec t ion o f l ighter mater ials for the c o m 
ponen t s as wel l as for the socket is of great 
impor tance . 

• Insecurity 
T h e fear o f falling unexpec ted ly is a great 

conce rn to mos t h ip disar t icula t ion am
putees . Desp i t e the use o f mechan ica l ly 
soph is t i ca ted h ip and knee j o i n t s , u s ing 
self- locking a n d brak ing m e c h a n i s m s , ex
t e n s i o n ass i s t s p rope l l ed b y s p r i n g s , 
pneuma t i c or hydraul ic cy l inders , i n secu 
ri ty still r ema ins w i t h the pat ient . T h e use 
o f more than o n e pros the t ic foot w i th var i 
ous hee l he igh t s and/or the use of a T-handled Allen key can alleviate the p rob lem of 
ma in t a in ing proper a l ignment to a cer ta in 
extent , w h e n c h a n g i n g hee l he igh t s of 
footwear . 

Tes t ing the s t ronger musc le groups in 
the pe lv ic reg ion has p roduced good m y o 
si tes to explore the poss ib i l i ty o f voluntary 
jo in t cont ro l in the h ip and knee jo in t s . 
Inves t iga t ions b y var ious researchers are 



Figure 5. Otto Bock 7E4 hip joint with hip flexion bias 
system (HFB) added for initiating hip flexion. 

Figure 6. Otto Bock components: 7E7 hip joint, SR20 
knee joint and Teh Lin multi-axial foot. 

deal ing wi th th is i s sue . Present ly , n o 
motor -dr ive uni ts or other safety m e c h a 
n i s m s are commerc ia l ly avai lable for us to 
test this feature at the present t ime . 

• Cosmesis 
C o s m e s i s plays jus t as impor tan t a role as 

the mechan i c s o f the p ros thes i s . Mos t endoskeletal pros theses offer a much be t te r 
cosmet ic appearance than exoskele ta l de
s igns . H o w e v e r , there are still s o m e draw
backs wi th bo th des igns . T h e socket area 
enve lop ing the ent i re pelvis adds s igni f i 
cant ly to the h ip and wais t c i rcumference . 
T h e dis tor t ion of the h ip area from s tand
ing to si t t ing should also b e cons ide red in 
redes ign ing the total shape . The appear
ance o f the s i t t ing pos i t ion was also i m 
proved by levell ing the pelvis through the 
use of two n e w hip jo in t s (See Figures 5 and 
6 ) . Mos t o f our test pat ients were e i the r 
fitted w i th the O t t o Bock 7B7 or 3R21 jo in t . 
Undes i r ab le no i ses produced b y s o m e 
jo in ts as well as foam covers are present ly 
under inves t iga t ion . 

TECHNICAL 
INFORMATION ON 
PRESENT DESIGNS 

In the early s tages of the project , our 
m a i n concern was to m a k e the socket as 
l ight and thin as poss ib le u s ing 100 percent 
f lexible acrylic res ins wi th lay ups cons is t 
ing of per lon, nylglass and f iberglass rein
forced tricot as well as fiberglass mat te . 
T h e s e socke t s were up to 50 percent l ighter 
as compared to those d o n e by the s tandard 
me thods of fabr ica t ion . Howeve r , the pa
t ients did not g ive any def in i t ive r e sponse 
as to w h e t h e r this actual ly produced any 
advantages . 



Figure 7. Otto Bock components: 3R21 hip joint, 3R20 
knee joint and 4R39 torque absorber, with a 1A13 
Greissinger foot. 

Figure 8. Finished prosthesis with silicone rubber 
socket and "Fix-Lock" fasteners. 

T h e nex t s tage w a s the incorpora t ion o f 
s i l i cone gel pads o n top of or in b e t w e e n 
the plastic l amina t ions . S o m e felt s o me
w h a t more comfor tab le , bu t the s l ight e le
va t ion in s i t t ing p roved an addi t ional 
nega t i ve factor. The rmop la s t i c socke ts 
made of surlyn and po lypropylene were 
also a t t empted , bu t w i thou t conc lus ive 
ev idence that we were on the " r igh t t r ack . " 
It w a s no t unti l I rece ived a let ter w i th 
pho tographs from Dr. H a n n e s Schmid l in 
Bo logna , Italy, that w e ser ious ly cons id 
ered fabr icat ing rubbe r i zed sockets . T h e 
s tandard D o w C o r n i n g # 3 1 1 0 was ini t ial ly 
used in do ing a 3-part l amina t ion . 

First , w e did the " i n n e r " socket wi th s ix 
layers of per lon s tockine t te ; then a partial 
r ig id acrylic w i th f iberglass and per lon 
l amina t ion incorpora t ing the h ip jo in t 
ha rdware . Final ly, the th i rd l amina t ion 
w a s done s imilar ly to the first o n e . A n an
ter ior o p e n i n g wi th an internal ly "bu i l t i n " 
tongue was ob t a ined . H o w e v e r , after only 
a shor t trial per iod , the separate l amina 
t ions b e c a m e de tached from each other . 
Severa l o ther c o m b i n a t i o n s were a t temp
ted, s ince the ini t ial pa t ien t feedback on 
the rubbe r i zed sockets was ex t remely en
courag ing . 

O u r p resen t des ign is done in two parts 
(Figure 7 ) . T h e first o n e , in six layers of 
per lon and ca rbon f iber con t a in ing the h ip 
j o in t ha rdware , is done over a PVA bag 
unde r w h i c h are six layers of per lon s tocki 
net te nex t to the cast . 

T h i s l amina t ion is t r i m m e d to the ap
propr ia te s ize and shape and rep laced on 
the mold in b e t w e e n the first and s econd 
layer o f six per lon s tockine t tes . T h e r igid 
plate is previous ly coa ted wi th s i l icone ad
hes ive w h i c h is a l lowed to cure for two 
hours . 

T h e s econd lamina t ion is done wi th 
I P O C O N r u b b e r us ing a pos ter ior open
ing . T h e locat ion and s ize o f the tongue is 
ve ry cri t ical . Ins tead of us ing Velcro® type 
fas teners , we use three F ix lock+ c lasps w i th 
w e b b i n g fas tened to the socket w i th plast ic 
r ivets (Figure 8 ) . 



Severa l o ther r o o m tempera ture vul
can i z ing mater ia ls have b e e n t r ied , in
c l u d i n g O r t h o s i l , w h i c h p r o v e d t oo 
" f l o p p y " and heavy for our n e e d s . 

T h e ini t ial advantages of the r u b b e r 
were : 

1. Increased f reedom of m o v e m e n t in all 
d i rec t ions w i thou t inc reas ing ins ta 
bi l i ty. 

2 . Inc reased total contact in s i t t ing , 
s t and ing or ly ing down , g iv ing the 
pa t ien t more overall comfor t . 

3. Increased suspens ion through the 
h igh friction coeff ic ient o f the rub 
be r i zed i n n e r surface. 

T h e ini t ial d i sadvantages of the r u b b e r 
we re : 

1. Increased overall we igh t o f the pros
thes i s . 

2 . Increased hea t r e ten t ion , caus ing per
spira t ion. 

3. Clo thes s t i ck ing to the ou te r surface of 
the socket . 

4 . Difficulty in m a k i n g al terat ions o r 
do ing repai rs . 

SUMMARY 
T h e s e i ndependen t f ind ings form a bas i s 

for further inves t iga t ion in to pr ior i t ies for 
the r edes ign of h i p d isar t icula t ion p ros the
ses in w h i c h the w e a r i n g of the l i m b wil l b e 
o p t i m i z e d and normal i zed (Figure 9 ) . 

I w a n t to give a spec ia l word o f thanks to 
the m a n y col leagues w h o have par t ic ipa ted 
in s e n d i n g informat ion , in m o s t cases not 
p u b l i s h e d yet , o n the i r o w n recent at
tempts to improve the h ip disar t icula t ion 
p ros thes i s . A specia l thank y o u to Mr . B . 
Wes te r and Mr. P. T iu l w h o s e art icle dealt 
w i th pure specula t ion , w h i c h in our es t i 
ma t ion has p roven to b e ve ry helpful in 
p rov ing that a k n e e j o i n t can b e success 
fully used as a h i p jo in t . 

S o m e of the pa t ien t s referred to us were 
ini t ial ly fitted ou t s ide our geographica l 
area. O n c e they had re turned h o m e , they 
were referred back to thei r or ig ina l prosthetists, to w h o m w e sent as m u c h infor
ma t ion as poss ib le to he lp them b e c o m e 
famil iar w i th thei r pa t ien t ' s n e w pros the
ses . 

It is an t ic ipa ted that at the e n d o f 1985 a 
" h a n d s - o n " s emina r wi l l b e o rgan ized to 
inv i te as m a n y in te res ted pros the t i s t s (and 
pa t ien ts ) to par t ic ipate in an informat ion 
exchange cl inic in O t t awa . T h i s s tudy is 
still in its infancy and the au thor in tends to 
pub l i sh updates at regular intervals to keep 
the pros the t ic field in formed. 
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The Thoracic Suspension Jacket— 
Review of Principles and Fabrication 
Carlton E. Fillauer, C.P.O. 
Charles H. Pritham, C.P.O. 

Apparent ly , the first reference to the 
Thorac ic S u s p e n s i o n Jacket w a s in an arti
cle b y S i e b e n s 1 in 1972. S ince then , cons id 
erable exper i ence w i th it has b e e n a m a s s e d 
at N e w i n g t o n Ch i ld ren ' s Hospi ta l and 
o ther local i t ies as desc r ibed b y Siegfr ied 
Paul , C .P .O . , (E) , 2 3 J a m e s C. D r e n n a n , 
M . D . 4 , 5 , 6 and o thers . Durr-Fi l laur ' s in
vo lvemen t b e g a n in 1974, and over the 
years , s impl i f ied fabr ica t ion procedures 
us ing prefabr ica ted c o m p o n e n t s adaptable 
to whee l cha i r use or o ther s i t t ing accom
moda t ions have b e e n deve loped . 

The re have b e e n f requent reques t s from 
or thot is ts for in format ion relat ing to it. It is 
hoped that this art icle wil l at least part ial ly 
fulfill the need . 

DESCRIPTION 
T h e Thorac ic S u s p e n s i o n Jacket is a cus

tom mo lded T h o r a c o - L u m b o Sacral O r t h o 
sis w i th an anter ior o p e n i n g and a PELITE* l in ing . The por t ions under the antero-lateral aspect o f the costal marg ins are 
inden ted to provide shelves o n w h i c h the 
r ibs rest and the infer ior edge is t r i m m e d 
h ighe r than usual for s i t t ing comfort . S u s 
pens ion lugs are secured to the r ight and 

left s ides of the jacke t and hange r s are sec
ured to the back upr ights o f the whee l cha i r 
on w h i c h the jacket is suspended . Adjus t 
ing the he igh t of the hangers and c lamps 
pe rmi t s the a m o u n t of we igh t b o r n e b y the 
thorax to b e increased or decreased . B y this 
m e a n s , the dis tract ive effect o f the lower 
por t ion of the b o d y can b e used to ex tend 
the sp ine and/or the bu t tocks , and o ther 
pressure sens i t ive areas can b e re l ieved of 
s u p e r i n c u m b e n t we igh t . 

INDICATIONS AND 
CONTRAINDICATIONS 

D r e n n a n 4 , 5 has desc r ibed the or thos i s as 
b e i n g ind ica ted for ind iv idua ls w i th para
lytic sp ina l deformity for w h o m surgery, 
for wha teve r reason , ( immature skeletal 
g rowth , life th rea ten ing compl i ca t ions , 
etc.) is not con templa ted . H e has desc r ibed 
the ob jec t ives as : 

• arrest or correc t ion o f spinal deformity 
• i m p r o v e m e n t o f s i t t ing ba lance 
• f reeing o f the a rms from the role o f 

t runk suppor ts 
• i m p r o v e d appearance and b o d y lan

guage 
• inc reased i n d e p e n d e n c e and mob i l i t y 



• i m p r o v e m e n t of respi ra tory funct ion 
• re l ief of pressure and decubi t i over the 

ischial tuberos i t i es and sacrum 
• rel ief o f back pa in 
H e c i ted p re requ i s i t e s to success as 

b e i n g : 
• wi l l ing pa t ien t and family coopera

t ion 
• p resence of a ski l led and expe r i enced 

team inc lud ing or thot is t , phys i c i an , 
therapis t s , and nu r s ing staff 

Surpr i s ing ly e n o u g h , D r e n n a n s tated 
that anes the t ic sk in , w i th appropr ia te at
ten t ion to detail and follow up , had not 
b e e n a p r o b l e m and that pat ients w i thou t 
sensa t ion had deve loped to lerances o f up 
to 10-12 hours . W h i l e adequa te h ip flexion 
for s i t t ing is essent ia l , it w a s found that 
f ixed pelvic ob l iqu i t i e s and dis located h ip s 
could b e a c c o m m o d a t e d . 

Relative contraindications creating prob
lems (and in some case failure) were l is ted 
as: 

1. uncoopera t ive family and pa t ien ts . 
2 . h i p jo in t stiffness w i th inabi l i ty to sit . 
3. severe a the to id cerebra l palsy or se 

vere involuntary m o v e m e n t s . 
4 . g ross o b e s i t y , as the u n d e r l y i n g 

s t ructures are difficult to grasp and 
the load i m p o s e d m a y b e m o r e than 
the skin can tolerate . 

5. Cachex ia (condi t ion o f general was t 
ing marked b y ex t reme th innes s and 
muscula r a t rophy) . Pa t ien ts t ended to 

" s l ip t h r o u g h " the o r thos i s , e spe 
cially t hose w i th muscu la r d i seases 
and progress ive w e i g h t loss and atro
phy. 

In a s imi la r ve in , R o b i n B l a c k 7 ha s l i s ted 
as compl ica t ing factors: 

1. severe spinal deformi ty lead ing to 
unequa l loading on the r ib cage and 
reduced to lerance t ime . 

2 . o b e s e ind iv idua l s . 
3 . pa t ien ts w i t h i l eos tomies . 
4 . poor ly mot iva ted pa t ien ts . 

FABRICATION 
The nega t ive impre s s ion is m a d e in the 

usual fashion . The pa t ien t m e y e i ther b e 
pos i t i oned sup ine on a R i s se r table and 
wrapped c i rcumferent ia l ly or pos i t i oned 
prone on the e n d of an ordinary fi t t ing 
table wi th the knees flexed for cas t ing in 
two s teps wi th spl ints . In this latter in
s tance , use of the Durr -Fi l lauer Pe lv ic 
Cas t ing Fixture m a y prove helpful. W h a t 
ever t e c h n i q u e is used , f lexible curves 
should b e correc ted , and the space super ior 
to the iliac crests and infer ior to the costal 
marg ins should b e inden ted in the usual 
manne r . Before removal of the nega t ive 
impres s ion , the pa t ien t should b e pos i 
t ioned s traight , keep ing in m i n d the 
eventua l s i t t ing pos ture , and anter ior and 
lateral center l ines d rawn. 

Fo l lowing removal of the nega t ive i m 
press ion from the pat ient and c losure , the 
s u s p e n s i o n po in t s are ident i f ied as de
p ic ted in Table 1. W h i l e the m e t h o d of 
c l amping the h a n g e r rods to the whee l cha i r 
g ives cons ide rab le adjustabi l i ty , the sus
pens ion po in t s should b e located as accu
rately as pos s ib l e , t ak ing in to account such 
t h i n g s as d e c o m p e n s a t e d cu rves and 
eventua l s i t t ing pos i t ion . O n c e the sus 
p e n s i o n po in t s are located, 1/4" holes are cut 
in the nega t ive impres s ion and the lubr i 
cated cas t ing rod is pos i t i oned in t h e m 
(Figures 1 , 2 ) . T h e nega t ive impres s ion is 
poured in the usual fash ion , the rod is then 
r emoved ( leaving a clear channe l th rough 
the pos i t ive mode l ) , and the cast is re
m o v e d from the pos i t ive mode l . 

T h e pos i t ive mode l is s m o o t h e d and 
modi f ied in the usual m a n n e r . D r e n n a n 4 

Figure 1. Cast with casting rod in place, posterior 
view. 



TABLE I 
LOCATION OF SUSPENSION LUGS 

has r e c o m m e n d e d bu i ld ing up the areas 
super io r to the costal marg ins to give r o o m 
for ches t expans ion and respi ra t ion . S i m i 
larly, he has adv ised removal o f plaster in 
the upper abdomina l area to provide hy
draulic res i s tance to cont rac t ion of the dia
p h r a g m and thus again a id ches t expans ion 
and respi ra t ion . 

T h e modi f i ed pos i t ive m o d e l is p repared 
for v a c u u m forming and covered wi th a 
layer of 5 m m A8 vent i la ted m e d i u m den

s i ty P E - L I T E (Figure 3) wi th an anter ior 
o p e n i n g . For several years the s u s p e n s i o n 
lugs were m o u n t e d on anchor cups fabr i 
ca ted o f a l u m i n u m and r ig id po lyure thane 
foam. Recent ly a qu icke r and more eff icient 
m e a n s of m o u n t i n g the suspens ion lugs 
has b e e n devised . 

T h e P E - L I T E cup , adapter nut , and the 
rest o f the c o m p o n e n t s o f the lug m o u n t are 
a s s e m b l e d on the alignment rod as shown 
in Table 2 . 



TABLE II 
EXPLODED VIEW OF ALIGNMENT ROD 
AND LUG MOUNT COMPONENTS 

Figure 2. Inside view of cast and casting rod. 



Figure 3. Anterior view of model with PELITE and 
casting rod in place. 

Figure 4. Lug mount assembly and alignment rod 
inserted in hole in model. 

Figure 5. Amount of material to be removed is 
measured and marked. 

T h e a l ignment rod is inser ted in the hole 
prev ious ly p rov ided by the cas t ing rod 
(Figure 4) and the a m o u n t of P E - L I T E to b e 
r e m o v e d is ident i f ied by m e a s u r e m e n t 
(Figure 5 ) . 

The P E - L I T E cup is t r immed so that it 
makes even contact wi th the surface o f the 
pos i t ive model and protrudes no more than 
1/2". W h e n properly con toured , the P E -
LITE cup (Figures 6, 7) is filled wi th Rap id -
cure+ and repos i t ioned on the pos i t ive 
model in proper a l ignment (Figure 8 ) . 
O n c e the acrylic c o m p o u n d reaches a stiff 
dough- l ike cons i s t ency , it is faired into the 
surface of the PE-LITE us ing a f ingert ip 
d ipped in the methy lmethacry la te catalyst . 
O n c e the lug m o u n t s are properly shaped 
and secured in p lace , the a l ignment rod is 
r e m o v e d (Figure 9) and the pos i t ive model 
is vacuum formed wi th 3 / 1 6 " po lye thy lene . 

W h e n the po lye thy lene has cooled , the 
th readed holes in the lug mount s are ex
posed us ing a 3/8" drill (Figure 10) and a 
5 / 1 6 , " - 1 8 tap is used to clear the threads and 
proper ly al ign the hole (Figure 11) in the 
po lye thy lene . 

The areas abou t the holes are hea ted 
(Figure 12) and the suspens ion lugs se
curely screwed into posit ion (Figure 13) so 
that the plastic forms flat seats about them. 
Tr iml ines are drawn on the or thos i s (Fig-

ure 14) and it is r emoved from the pos i t ive 
mode l and f in ished as usual. 

The c lamp as sembl i e s and hange r rods 
are secured to the chair horizontal ly (Fig
ures 15, 16, 17) to provide appropriate posi
tioning of the orthosis in the wheelchair. While 
rotation of the clamp assemblies on the 
uprights of the wheelchair provides consid
erable adjustability, modification of the han
ger rods may be necessary. Although the tho
racic suspension orthosis is generally adjusted 
so as to relieve the buttocks of the patient's 



Figure 6. (Left) Mixing methylmetacrylate to fill the PELITE cup. 

Figure 7. (Right) Cup filled with Rapid-
cure. Model has been positioned upside 
down in pipe vise. 

Figure 8. (Left) PELITE 
cup held in place until the 
methylmetacrylate sets. 



Figure 9. The alignment rod is removed from the lug 
mount after the edges are faired into the contours of 
the model. 

Figure 10. Drill used to open up the holes in the 
polyethylene over the lug mounts. 

Figure 11. A tap is used to clear the threads and align 
the holes. 

Figure 12. Heating the areas about the holes. 



Figure 13. Securing the suspension lugs in place 
while the polyethylene is soft. 

Figure 14. Orthosis with suspension lugs secured in 
place and initial trimlines cut and smoothed. 

Figure 15. The distances between the two suspension 
lugs is measured. 

Figure 16. With that measurement as a guide, the 
clasp assemblies are installed on the chair. 

Figure 17. Finished orthosis mounted on the chair. 



weight, it may also be used for stabilization 
of the torso without weight-bearing. 

BREAK-IN PERIOD AND 
FOLLOW UP 

D r e n n a n a n d B l a c k 4 , 5 , 6 , 7 agree that 
wea r ing to lerance shou ld b e bui l t up ve ry 
gradual ly over a pe r iod o f several w e e k s . 
T h e goal is that in 2-3 w e e k s t i m e , the pa
t ient c an use it for a full day w i t h per iods of 
rel ief f rom suspens ion . D r e n n a n r ecom
m e n d s hosp i ta l i za t ion for th is pe r iod o f 
to lerance bu i ld ing a n d d ischarge once the 
pa t ien t c an tolerate su spens ion for two 
hour s out o f four. O b v i o u s l y , success de
pends on wi l l ing , in te l l igent coopera t ion 
o f the pa t ien t and family. 

T h e or thos i s shou ld b e u sed daily to 
m a i n t a i n to lerance , the sk in should b e in 
spec ted daily, a n d care should b e taken to 
avo id wr ink les in unde rga rmen t s worn . 
Areas o f r edness that do no t clear after 20 
m i n u t e s shou ld b e b rough t to the a t ten t ion 
o f the or thot is t for appropr ia te ac t ion . Pa
t ien ts shou ld no t b e t ranspor ted in suspen
s ion , as the j a r r ing mo t ion can cause d is 
comfort and sk in b r e a k d o w n . D r e n n a n 4 , 5 

has repor ted that n e w or thoses were neces 
sary o n the average o f 15 m o n t h s after i n i 
tial f i t t ing, w i th a r eadmis s ion to the hos 
pital o f abou t three days . 

RESULTS 
In 1979, D r e n n a n 4 repor ted the results o f 

62 pa t ien ts fit s ince 1972. T h e s u s p e n s i o n 
or thos i s was p resc r ibed m o s t f requent ly 
for sp ina b i f ida , cerebra l palsy, D u c h e n n e 
muscu la r dys t rophy, sp ina l muscu la r atro
phy , t r auma , and var ious o the r cond i t ions . 
Pa t ien ts ranged in age from 14 m o n t h s to 26 
years . F ive ins t ances o f failure w e r e de
sc r ibed and a t t r ibuted to: lack of coopera 
t ion , obes i ty , h ip j o i n t s t iffness, severe 
a the to id cerebral palsy, and ex t reme and 
progress ive cachex ia . 

S imi la r ly in 1975, R o b i n B l a c k 7 de sc r ibed 
the results of f i t t ing ove r a dozen chi ldren 
wi th sp ina bif ida w i t h s u s p e n s i o n jacke t s 
over a per iod of two and o n e half years . 
E igh t pa t ients w e r e ident i f ied as hav ing 
benef i t ed from use of the j acke t , five of 
t hem r e m a i n i n g free o f pressure sores for 
more than one year . 

In addi t ion , Karl Fi l lauer , C P O has fitted 
several pa t ien ts wi th h e m i c o r p o r e c t o m y 
amputa t ions w i th suspens ion or thoses and 
ach ieved good resul ts . 

CONCLUSION 
T h e Thorac ic S u s p e n s i o n Jacket ha s pro

v e n i tself to be an efficient and pract ical 
m e a n s o f hand l ing ind iv idua ls w i th severe 
scol ios is and decub i tus ulcers . For the 
benef i t of those w h o m a y not b e famil iar 
w i th the or thos i s , i nd ica t ions , cont ra ind i 
ca t ions , fabr ica t ion, and follow up p roce
dures are r ev iewed . It is h o p e d that th is 
informat ion will b e of s o m e ass i s tance in 
m e e t i n g the needs o f the severe ly de
fo rmed . 
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A New Design and Construction For 
a Swimming Prosthesis 
Carlo Marano, C.P. 
Eugene DeMarco, C.P. 

This article, which concerns an innovation in ambulation for the active amputee, 
may be read in conjunction with the article by Kenneth P. LaBlanc, B.S., C.P.O., in 
Orthotics and Prosthetics, Vol. 37, No. 3, pp. 42-49, "Fabrication of the Water 
Resistant B/K Prosthesis." The Editors 

T h e ab i l i ty of the lower l i m b a m p u t e e to 
par t ic ipate in recreat ional ac t iv i t ies is 
s o m e t i m e s necessa ry in order to improve 
the qual i ty o f h is o r h e r l ife. S w i m m i n g , in 
part icular , can b e an en joyab le m e t h o d o f 
exerc ise for the a m p u t e e . 

Pros the t ic devices for s w i m m i n g are 
necessary , not only to improve one ' s abi l i ty 
to s w i m , b u t to provide : 

• a safe m e a n s for ambu la t ion in and 
ou t of wate r 

• p ro tec t ion aga ins t t rauma to the re
sidual l i m b 

• cons tancy of res idual l i m b v o l u m e 
dur ing s w i m m i n g act iv i t ies 

• safety in the shower . 
C o n t e m p o r a r y pros the t ic devices for 

s w i m m i n g satisfy the latter ob jec t ives , bu t 
fall shor t of p rov id ing m a x i m u m safety. 
Espec ia l ly w h e n ambu la t ing in water , 
p r o b l e m s have b e e n encoun te red due to 
the b u o y a n c y o f these dev ices . A pros the
s i s that is fully buoyan t m a y b e hazardous 
to the weare r . A great a m o u n t o f effort 
mus t b e exer ted to keep the p ros thes i s 
s u b m e r g e d . A reduct ion in b u o y a n c y g ives 
the pa t i en t a greater degree o f cont ro l over 
the pros thes i s . H e can affect its pos i t ion 
wi th a degree of coord ina t ion and musc l e 
p o w e r that m o r e c losely approx imates 
out -of -water ambu la t ion . 

W h e n a b o d y is i m m e r s e d in a f luid, it is 
b u o y e d up wi th a force equa l to the we igh t 
o f the fluid d isplaced b y the body . T h e r e 
fore, in order to reduce the b u o y a n c y o f a 
s w i m m i n g pros thes i s , o n e mus t reduce the 
a m o u n t of wa te r that it d isp laces . 

It was our goal to des ign a s w i m m i n g 
p ros thes i s that w a s pract ical , co sme t i c , 
safe, and d isp layed a m i n i m a l a m o u n t o f 
buoyancy . W e have ach ieved this e n d b y 
cons t ruc t ing a p ros thes i s w i th a large cen
tral c h a m b e r th rough w h i c h wate r can 
en te r and exit quickly . 

T h i s c h a m b e r has a distal o p e n i n g lo
ca ted in the base of the wa te r repel lent foot, 
and a proximal o p e n i n g in the pos te r ior 
she l f of the socket (Figure 1 ) . 

Figure 1. Schematic drawing of swimming prosthe
sis: (1) central chamber, (2) proximal opening, (3) 
distal opening, and (4) distal socket drain. 



As the amputee enters the wa te r wi th the 
p ros thes i s , wa te r enters the distal o p e n i n g 
and b e g i n s to fill the chamber . A i r is 
s i m u l t a n e o u s l y e x p e l l e d t h r o u g h t h e 
p rox imal o p e n i n g . T h e wa te r level in the 
c h a m b e r wil l equ i l ib ra te w i th the wate r 
level outs ide the p ros thes i s unti l the pros
thes i s is comple te ly s u b m e r g e d . As the 
p ros thes i s is r e m o v e d from the water , a i r 
enters the proximal o p e n i n g and forces 
wate r out distally. W i t h o u t this proximal 
o p e n i n g , the ampu tee wou ld feel a down
ward pull o n the p ros thes i s due to the force 
o f the ex i t ing water . 

THE WATER REPELLENT 
FOOT 

T h e distal o p e n i n g of the central cham
ber is a 1.25 inch d iamete r ho le in the b a s e 
o f a specia l ly prepared foot. Exper i ence has 
demons t ra ted that wate r , especia l ly salt 
water , readily deter iorates the foot por t ion 
of a s w i m m i n g pros thes i s as wel l as its 
a t t achment to the shank . Efforts to reduce 
m a i n t e n a n c e and facil i tate fabr ica t ion , 
w i thou t reduc ing funct ion, have led to the 
des ign o f a wa te r repel lent foot for s w i m 
m i n g pros theses . 

T h e keel o f the foot is fabr icated from 350 
grams o f Pedi len foam (three parts hard to 
o n e part soft) poured into a neuter b l ank 
mo ld . T h i s b l ank can b e shaped to accom
moda te all foot s izes , left and r ight (Fig
ure 2 ) . 

O t to Bock Pedi len toe and sole parts are 
c h o s e n to co r respond to the pa t ien t ' s foot 

s ize and fitted to a flat r u b b e r s w i m m i n g 
sneaker . T h e keel is shaped to fit these 
c o m p o n e n t s . 

F i b e r g l a s s c l o th , i m p r e g n a t e d w i t h 
polyes ter res in , is s andwiched b e t w e e n the 
base o f the keel and the plantar c o m p o 
nen t s o f the foot. T h i s layer insures a s t rong 
keel ba se and an in t imate fit w i th the sole 
of the foot. 

THE BELOW KNEE SOCKET 
All be low the knee s w i m m i n g pros the

ses fabr icated in our laboratory ut i l ize 
P T B sockets wi th Supracondy la r o r Supra 
condylar /Suprapate l la r s u s p e n s i o n sys
tems . T h e s e have p roven to b e the suspen 
s ion types of cho ice . Auxi l iary s u s p e n s i o n s 
should b e avo ided w h e n e v e r p o s s i b l e , b e 
cause i m m e r s i o n in wate r increases the i r 
rate o f deter iora t ion and thus affects safety 
and f requency o f repair . 

As prev ious ly s ta ted, the wa te r e m i s s i o n 
rate from the central c h a m b e r can b e in 
creased b y prov id ing a p rox imal o p e n i n g 
in the pos te r ior b r i m of the socket (Figure 
3 ) . Th i s o p e n i n g is crea ted dur ing the 
socket l amina t ion . A 1.5 inch w i d e , s l ightly 
tapered , p i ece o f .125 inch th ick polye thyl 
ene is inser ted b e t w e e n the layers of s tock
ine t te pr ior to l amina t ion . T h e polyethyl
ene w e d g e ex tends to the distal e n d o f the 
socket bu t is eas i ly r e m o v e d b y hea t ing the 
pos te r ior aspect o f the socket . W h e n the 
tapered w e d g e is r emoved , it wil l leave a 
c h a n n e l that will u l t imately drain into the 
central c h a m b e r o f the shank . 

Figure 2. Components of "water repellent" foot: (left to right) neuter blank mold for urethane keel; 
shaped keel attached to Pedilen foot parts; swim sneaker. 



Figure 3. Posterior socket channel in proximal 
brim—air passes through this opening to facilitate 
equilibration of water level. 

Figure 4. Distal socket drain leads to the central 
chamber of the shank and allows water to enter the 
socket. 

Figure 5. The swimming socket and foot attached to 
the adjustable pylon are ready for fitting. 

Addi t iona l o p e n i n g s to the c h a m b e r are 
p roduced b y dri l l ing .125 inch d iamete r 
holes through the distal end of the socket 
(Figure 4 ) . T h e final result is a socket in 
w h i c h the pos te r ior c h a n n e l and distal 
o p e n i n g s e m p t y in to the central c h a m b e r 
of the shank . A i r pressure th rough these 
o p e n i n g s increases the rate of wate r flow in 
and out o f the p ros thes i s . 

ALIGNMENT AND 
FITTINGS 

T h e socket is e m b e d d e d i n u re thane 
foam and is a t tached to an adjus table 
pylon. T h e foot is a t tached to the pylon 
us ing a w o o d e n block as a b a s e for the foot 
plug (Figure 5 ) . All a l ignment p rocedures 
are per formed accord ing to e s t ab l i shed 
t e chn iques . 

S ince the s w i m m i n g foot ha s no c o m 
press ib le S A C H c o m p o n e n t , the pa t ien t 
m a y exper i ence inc reased f lexion at hee l 
s t r ike . It m a y be necessa ry to beve l the 
pos te r io r aspect of the hee l , to a 45 degree 
angle , to he lp reduce this m o m e n t . T h e 
pat ient wi l l adjust to th is s l ight inc rease in 
flexion at hee l str ike w h i l e wa lk ing on sol id 
g round . W h e n ambula t ing on sand , o r 



other soft terrain, the compres s ion of the 
sand wil l provide an even s m o o t h e r gait 
pat tern. 

A l i g n m e n t dupl ica t ion is per formed 
us ing ure thane foam as a shank filler. S u b 
sequen t to a second dynamic a l ignment , 
the pros thes is is shaped and prepared for 
the f in i sh ing process . 

FINISHING PROCESS 
(BELOW KNEE) 

After cosmet ic shap ing , the toe and sole 
parts are r e m o v e d and the p ros thes i s is 
l amina ted with polyes ter res in in two lay
ers of f iberglass s tockine t te . The pros thes i s 
is then reference marked and cut in a t rans
verse p lane at the shank . All the u re thane 
foam w i t h i n the shank is r emoved , thus 
creat ing the central c h a m b e r . T h e two hol
lowed sect ions are glued together and 
smoo thed for final l amina t ion . T h e final 
l amina t ion cons is t s of three layers o f nylon 
s tockinet te saturated with polyes ter res in 
and the appropr ia te p igment . 

After final t r i m m i n g , the Pedi len foot 
parts are adhered to the base of the keel 
wi th epoxy and covered wi th a s w i m 
sneaker . T h e sneake r is glued to the keel 
and a 1.25 inch d iamete r hole is drilled 
through the sneaker and foot parts (Figure 
6) . It is this hole that b e c o m e s the distal 
o p e n i n g of the cent ra l c h a m b e r . T h e 
f in ished pros thes i s is s h o w n in Figure 7. 

ABOVE KNEE PROSTHESES 
T h e a fo rement ioned t echn iques can b e 

incorpora ted into the fabr icat ion of above 
knee pros theses . 

T h e knee uni t o f cho ice is the Ot to Bock 
3K5 unit . It is plast ic , l igh tweight , and 
ideal for i m m e r s i o n in wa te r w h e n the 
metal ex tens ion spr ing is r emoved . T h e 
open ings in the knee e l imina te the need for 
a pos ter ior socket channe l . 

T h e foamed socket , k n e e , and water re
pellent foot are set in b e n c h a l ignment and 
glued. The pros thes i s is then fit according 
to es tab l i shed pract ice; however , the pa
tient mus t ambula te w i th the knee locked. 

Figure 6. Distal opening of the central chamber lo
cated in the base of the foot, allows free flow of water 
in and out of the chamber. 

Figure 7. The finished below knee swimming pros
thesis. 



Figure 8. The finished above knee swimming pros
thesis. 

FINISHING PROCESS 
(ABOVE KNEE) 

After the fi t t ing, the pros thes i s is s h a p e d 
and d i sa s sembled . T h e shank por t ion is 
t reated as desc r ibed under the b e l o w knee 
f in i sh ing process . It is l amina ted , cut , ho l 
lowed , and re lamina ted wi th p i g m e n t . T h e 
thigh sect ion is ho l lowed to the distal e n d 
of the socket . 

Wate r en te rs the th igh v ia the o p e n i n g s 
in the uppe r por t ion of the knee . T h e 
o p e n i n g s in the lower por t ion o f the knee 
are the proximal ent ry to the distal c h a m b e r 
that is created in the shank . 

T h e foot parts are a t tached as in the 
be low knee . T h e s w i m sneaker is g lued to 
the foot and the distal hole is dril led 
through the sneaker and foot parts (Fig
ure 8 ) . 

DISCUSSION 
W e have used the t e c h n i q u e s ou t l ined 

for more than twelve years . To date , we 
have fol lowed the progress of 34 pa t ien t s 
wea r ing s w i m m i n g pros theses fabr icated 
as desc r ibed . All the pa t ients w e r e able to 
ach ieve thei r funct ional goals , from par
t ic ipa t ing in wate r sports to taking daily 
showers . The only rout ine service is an an
nual check up to insure the in tegr i ty of the 
c o m p o n e n t s . 

T h e pat ients exper i ence no s igni f icant 
l imi ta t ions o ther than a sl ight decrease in 
s imula ted plantar-f lexion, but they easi ly 
a ccommoda te to it . A b o v e knee pa t ien ts 
are l imi ted to wa lk ing wi th the knee 
locked. L o n g above knee res idual l imbs 
present a cosmet ic p r o b l e m due to the di
m e n s i o n s o f the 3K5 uni t and the resultant 
pro t rus ion o f the k n e e . 

The re are great l imi ta t ions on the types 
of c o m p o n e n t s that can be incorpora ted 
in to a s w i m m i n g pros thes i s . D e v e l o p m e n t 
of a var ie ty o f c o m p o n e n t s , specif ical ly for 
recreat ional p ros theses , is necessa ry if we 
are to he lp in the rehabi l i ta t ion o f our pa
t ients . 
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A New Cervical Neck Ring for the 
Idiopathic Scoliosis C.T.L.S.O. 
Greg Moore, R.T. (O) 

T h e Mi lwaukee or thosis has b e e n used 
in the t reatment of scol iosis s ince 1946.1 
Or ig ina l ly d e s i g n e d for pos t -opera t ive 
spinal managemen t , this or thos is has s ince 
developed into one o f the bes t non-opera 
tive m a n a g e m e n t me thods used to m a n a g e 
the progression of a scoliotic curve (Figure 

1) . T h e C . T . L . S . O . has b e e n used success 
fully in the m a n a g e m e n t of juven i le id io
pathic scol ios is , infanti le id iopath ic scol io
sis , congeni ta l scol ios is and kyphos i s . 

There have b e e n m a n y i m p r o v e m e n t s to 
the or thos is s ince its incep t ion , as n e w 
mater ia ls and diagnost ic procedures have 
b e c o m e avai lable to the or thot is t . T h e s e 
i m p r o v e m e n t s have he lped create an 
or thosis wh ich , compared to the or ig inal Figure 1. Original Milwaukee Brace, ca. 1945. 

F i g u r e 2. C o n t e m p o r a r y M i l w a u k e e . 



or thos i s , is more comfor table , eas ie r to don 
and doff, eas ie r to c lean, and is more 
cosmet ica l ly accep tab le to the pa t i en t 
(Figure 2 ) . 

SCOLIOSIS POPULATION 
T h e inc idence of id iopa th ic scol ios is as 

reported in a 1978 s tudy b y R o g a l a 2 was 4 .5 
percent for a scoliot ic curve of more than 
five degrees and two percent for a curve 
over ten degrees . O f this popula t ion , 6 .8 
percent exh ib i t ed a progress ion o f five de
grees or more leading to a range of 20 de
grees o f curvature or more . O f these , 95 
percent were treated wi th b races , and in all 
bu t 2 .6 percent , the t rea tment w a s suc
cessful. F rom these figures it is p robab ly 
safe to say that for progress ive structural 
curves of more than 15 degrees , a brace is 
ind ica ted . O n c e a curve has reached 40 -45 
degrees , surgical correc t ions are l ikely to 
b e necessary , except in s o m e we l l - compen
sated doub le curves , w h e n u p to 60 degrees 
m a y b e corrected wi th an or thos is . 

RESEARCH AND 
DEVELOPMENT 

O u r first a t tempts to improve the cosmesis of the C . T . L . S . O . neck r ing w e r e 
p rompted by Dr. E . E . Bleck , professor and 
execut ive head of the Div i s ion of Or tho 
ped ics , Stanford Un ive r s i ty Schoo l o f 
M e d i c i n e , w h o reques ted an innova t ive 
and h igh ly cosmet ic neck r ing des ign 
w h i c h wou ld g ive lateral control of the cer
vical reg ion . T h e or ig inal Mi lwaukee neck 
r ing provided a large longi tudinal distrac
t ion force w h i c h can on ly b e appl ied at the 
r isk of damage to the g rowing b o n e s of the 
m a n d i b l e and maxi l la , c rea t ing o r thodon
tic p rob lems . Because o f th is , the concep t 
of forceful longi tudina l d is t ract ion has 
b e e n a b a n d o n e d and the concep t o f a three 
po in t pressure sys tem, wi th opt ional mi ld 
mand ibu la r d is t rac t ion, has b e e n adopted . 
T h e use of a lateral three po in t pressure 
sys tem, p rov ided b y a thoracic pad b e l o w 
the apex o f the major curve , res is ted by an 
incapsula t ing pelvic girdle b e l o w and the 
neck r ing above , has p roven successful . 
T h e use of such opt iona l f i t t ing e lements as 

a l umba r pad to create addi t ional three 
p o i n t p ressure has o f ten t imes p roven 
necessary . 

The re is no doub t that the m a n a g e m e n t 
of scol ios is w i th the C . T . L . S . O . for a per iod 
of several years is often emot ional ly trau
mat ic for a t eenager to face. To m i n i m i z e 
th is , cons tan t efforts mus t b e made to re
duce the stress o n the pa t ien t in te rms o f 
we igh t , funct ion, and c o s m e s i s . S ince the 
major i ty o f pa t ients are adolescent gir ls , 
the aes thet ic qual i ty of the brace can make 
a s ignif icant difference in the pa t ien t ' s ac
cep tance of the brace . It is in keep ing wi th 
this effort that our first modi f i ed neck r ing 
was cons t ruc ted (Figure 3 ) . 

D e s i g n e d to fit Durr-Fi l lauer prefabri
cated c o m p o n e n t s , the modi f ica t ions to the 
neck r ing e l imina ted the ent i re anter ior 
por t ion o f the conven t iona l throat mold 
neck r ing, inc lud ing the h inge sys tem. A 
n e w h inge sys tem was d e s i g n e d and con
structed wh ich , b y us ing the anter ior 
m o u n t i n g plate as the a t t achment dev ice 
and h i n g e , afforded a more unob t rus ive 
and cosmet ic anter ior sec t ion . Th i s ac
compl i shed , the pos ter ior sect ion w a s 
modi f ied b y r e m o v i n g the upr ight at tach
m e n t tabs and a t taching the pos ter ior su
pers t ructure upr ights directly to the pos 
ter ior s egmen t of the neck r ing. S o m e of the 
bulk of the neck r ing was thus reduced , 

Figure 3. First modified neck ring. 



Figure 4. Durr-Fillauer low profile neck ring. 

Figure 5-A. Patient in orthosis with low profile neck 
ring, shirt on. 

Figure 5-B. Patient in orthosis with low profile neck 
ring, shirt off. 

creat ing a closer f i t t ing and more cosmet ic 
pos ter ior sec t ion . 

Th i s modif ied neck r ing des ign w a s u sed 
o n e i g h t e e n C . T . L . S . O . pa t ien t s w i t h 
ove rwhe lming pat ient , parent , and doctor 
acceptance. The patients liked the new de
s ign so much that three veteran C . T . L . S . O . 
weare rs , hav ing seen the n e w des ign , in
s is ted on hav ing their o r thoses conver ted 
to include the n e w neck r ing. 

The t ime involved in the fabr icat ion of 
the modi f ied neck ring (averaging four to 
six hours each) p rompted the inqu i ry to the 
Durr-Fi l lauer Company , regarding thei r 
cons idera t ion in manufac tur ing the mod i -

fied neck r ing. A prototype neck r ing w a s 
sent to the i r n e w products depar tment , 
p rov id ing the impe tus for the second low 
profile des ign . Th i s cervical neck r ing uses 
the concept of the c o m b i n e d an te r io r 
moun t ing plate and h i n g e , and carr ies the 
concept one step further b y ex tend ing the 
s ta inless steel rods w i t h i n close p rox imi ty 
of the lateral borders of the neck , curv ing 
over the shoulders to a knur led k n o b c lo
sure in the p rox imi ty of the C7 ver tebra 
(Figure 4). Th i s further e n h a n c e s the cos 
mes i s of the neck ring and keeps the c lo
sure away from the pos te r ior infer ior hai r 
l ine , reduc ing the p rob lem o f ca tch ing ha i r 



Figure 6. Close-up showing lateral pad. Figure 7. Close-up of patient with low profile neck 
ring and mandibular support. 

Figure 8. Mandibular support and forming tool. 

in the neck r ing upon closure (Figure 5-A, 
5 - B ) . Th i s second des ign is p robab ly the 
most cosmet ic and functional to date. 

In its ini t ial cl inical eva lua t ions , Durr-
Fi l lauer has exper i enced the s a m e measu re 
of pos i t ive r e sponse that w e did. M o r e 
over , the impres s ion exists that m o r e 
C . T . L . S . O . ' s are b e i n g p resc r ibed than 

before . The suppos i t ion is that wi th the 
super io r cosmes i s afforded b y the low pro
file neck r ing versus the t radi t ional neck 
r ing , the phys ic ian is p resc r ib ing the 
C . T . L . S . O . , instead of the T . L . S . O . , for bor
derline pat ients . 

In addi t ion to the modif ied neck r ing, 
Durr-Fil lauer has also developed a m a n d i b -



ular support of subor tholen (Figure 6) . The i r 
in tent ion wi th this support is that it can b e 
used in an initial fitting to r emind the pa
t ient to main ta in correct pos ture . S u b s e 
quently, after the first mon th or so , w h e n 
proper habi t s have b e e n es tabl i shed, it m a y 
b e removed. T h i s would s e e m to b e par
ticularly useful in treating kyphos is . T h e 
subor tholen mandibu la r support is molded 
in one size and t r immed to the proper 
length. A special tool is used to form the 
channel in the inferior por t ion of the sup
port and doubles as a drill guide for the 
a t tachment holes (Figure 7 ) . 

SUMMARY 
T h e or thot ic staff at Ch i ld ren ' s Hospi ta l 

at Stanford, w i th he lp from Carl ton Fi l 
lauer , C .P .O . and Karl Fi l lauer , C .P .O . has 

deve loped , tes ted, and evaluated a n e w 
cervical neck r ing for use on the C . T . L . S . O . 
T h e neck r ing p rov ides lateral cervical cor
rec t ion , low v is ib i l i ty , and cor respond
ingly be t te r cosmes i s . 
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The Delivery of Orthotic and 
Prosthetic Services in America-
A Physical Therapist's View 
Donald G. Shurr, L.P.T., M.A. 

INTRODUCTION 
A t a t ime w h e n w e hear m u c h talk abou t 

compe t i t i on , regula t ion , and r e i m b u r s e 
men t , and thei r impac t o n the heal th del iv
ery sys tem in the U n i t e d Sta tes , it s e e m s 
appropr ia te to take a step ba c k and look at 
w h e r e or thot ic prac t ice has b e e n a n d 
w h e r e it m i g h t b e headed . 

T h e overall purpose of th is paper is to 
descr ibe the deve lopmen t and pract ice of 
or thot ics in the U n i t e d Sta tes . I wil l p ro
v ide s o m e background o n the his tor ica l 
deve lopmen t o f the field, and e x a m i n e the 
supply of, and n e e d for, or thot ic pe rsonne l 
in the U n i t e d S ta tes . A n u m b e r of educa
t ional p rograms p rov ide t ra in ing , and 
these will b e d i scussed . M e m b e r s h i p in 
profess ional o rgan iza t ions and cert i f ica
t ion wil l b e desc r ibed previous to the pro
v i s ion of data specif ic to device fabr icat ion 
and delivery. M y conc lus ion wil l p rov ide 
perspectives on the future of orthotics and 
prosthetics in the United States. 

HISTORICAL 
DEVELOPMENT 

T h e w o r d " o r t h o t i c s " is t aken from the 
w o r d " o r t h o s t a t i c , " f r o m t h e G r e e k 
" o r t h o , " to s t ra ighten, and " s t a t i k o s , " to 
cause to s t a n d . 1 Accord ing to D r . S y d n e y 
Licht in the "Preface to the First E d i t i o n " o f 
Orthotics, Etc., the word " o r t h o t i c " is rela
t ively new. C o n n o t i n g the field o f s t ra ight
e n i n g deformit ies w i th external suppor ts , 
it w a s first u sed b y Dr . Vern Nickel in a 

report o f conferences on uppe r ex t remi ty 
devices for the Nat iona l Founda t ion of In
fantile Paralysis Resp i ra to ry Cen te r s in 
1 9 5 3 . 1 " O r t h o t i c s " was or ig inal ly adopted 
in 1960 b y or thot is ts and pros the t i s t s in 
Amer i ca w h e n they formed the A m e r i c a n 
Or tho t ic and Pros the t ic Assoc ia t ion from 
the or iginal Artif icial L i m b Manufac turers ' 
A s s o c i a t i o n . 2 

Although it first mean t the s t ra igh ten ing 
o f deformit ies w i th external suppor t , the 
te rm or thot ics today refers to the profes
s ion , inc lud ing the art and sc ience of the 
appl icat ion of a device appl ied or a t tached 
to an external surface of a b o d y to improve 
funct ion. As w a s no ted b y Dr . L i c h t , 2 the 
field o f or thot ics n o w has e x p a n d e d to in
clude m a n y sys tems , devices , and technol 
og ies w h i c h not only are una t tached to the 
pat ient , b u t technical ly do no t fall unde r 
the umbre l la of the t e rm o r thos i s—thus the 
use of the t e rm " e t c e t e r a " in the ti t le o f h i s 
n in th vo lume b y Wi l l i ams and W i l k i n s . 

Orthotics or Orthetics? 
Accord ing to Dr . S i d n e y L i c h t , 2 one clas

s ics scholar be l ieves that p ros thes i s m e a n s 
bo th the replacement o f a lost part and he lp 
for a part. Or thos i s m e a n s to s t ra ighten. 
Ne i the r word adequate ly desc r ibes the 
field of or thot ics and pros the t ics as prac
t iced today, or that w h i c h will be pract iced 
in the future. 

In 1955, Dr . Robe r t L . Benne t t o f W a r m 
Spr ings , Geo rg i a , used the word "or the t 
i c s " to describe an exhibition of b races 



used to increase funct ion in severely d is 
ab led p e r s o n s . 2 Desp i t e the fact that the 
w o r d " o r t h e t i c " is relat ively new, w e are 
fortunate in that a r ich h is tory in the field 
reflects a rat ional and orderly deve lopmen t 
from seeming ly s imple b e g i n n i n g s . 

T h e h i s to ry o f b r a c i n g or sp l in t ing , as it 
w a s cal led, can be separa ted in to two parts . 
T h e first m a y b e cons ide red a non-surg ica l 
pe r iod b e t w e e n the t ime of Hippocra tes 
th rough the 19th century. D u r i n g this 
pe r iod , t rea tment cons i s t ed o f man ipu la 
t ion and the appl ica t ion o f or thot ic appl i 
ances . T h e second era , the era o f m o d e r n 
o r thopaed ics , re l ies o n the use o f an t i sept ic 
and asept ic surgery and m o r e m o d e r n or
thot ic des igns and mater ia ls . 

P ionee r s of the ear ly per iod were Ambroise Pare (1509-1590); Dr. Hugh Owen 
T h o m a s ( 1 8 3 4 - 1 9 0 1 ) , the " b o n e s e t t e r " for 
w h o m m a n y i tems are still named ; and Sir 
Robe r t J o n e s , a n e p h e w o f O w e n T h o m a s , 
w h o m a y b e cons ide red the " fa ther o f or
thopaed ic surgery ." All were accompl i shed 
and innova t ive b racemaker s . 

Surge ry gradual ly replaced b rac ing as 
the keys tone in the pract ice of o r thopae
dics , and the b r acemake r s m o v e d from 
phys i c i ans ' offices in to hospi ta ls o r pr ivate 
offices. A l though s o m e rema in today in 
hospi ta l s , the office pract ice of the i nde 
p e n d e n t prac t i t ioner b u s i n e s s m a n con
t inues as the mode l . 

Dur ing the last half-century, two even t s 
se rved to focus a t tent ion o n the role o f or
thot ics and pros the t ics . Sold iers in jured in 
Wor ld War II benef i t ed from the serv ices 
of those t ra ined to develop and provide for 
the artificial r ep lacement o f l imbs . Fol
l owing the increased in teres t in pros the t ics 
due to Wor ld War II, a s imi lar interest in 
or thot ics arose v i a the Nat iona l Founda
t ion for Infanti le Paralys is , fo l lowing the 
two pol io e p i d e m i c s a round 1950. 

Accord ing to Dr . Vern N i c k e l , 1 the de
ve lopmen t of respirators and t racheosto
m i e s created a need for be t te r upper ex 
t remity or thot ics and people to des ign , fab
r icate , and fit t hem. T h e n e e d for man
p o w e r in the or thot ics indust ry led to the 
deve lopmen t o f formal educational pro
grams , p roduc ing or thot is ts and pros the
t is ts , s tar t ing in 1956. T h e s e p rograms have 

g rown b o t h in n u m b e r s and in scope s ince 
the first baccalaureate degree in or thot ics 
b e g a n in 1962. 

SUPPLY OF TRAINED 
PERSONNEL 

In order to meet the patient orthotic and 
prosthetic needs of the future, one must con
sider both the projections for practitioners and 
for manpower in related professions, since 
orthotists and prosthetists deal in a medical 
and paramedical arena. 

In 1982 there were 66 ,485 medical stu
den t s in t ra in ing in the U n i t e d S ta tes , 
m e a n i n g 16 ,700 graduates each y e a r . 3 T h e y 
are t ra ined b y 53 ,750 full-time medica l fac
ulty, at a cost in excess of 6.3 b i l l ion dollars. 
The re are 2 ,667 o r thopaed ic res iden ts in 
180 programs in A m e r i c a , and 605 Phys ica l 
M e d i c i n e and Rehab i l i t a t ion res idents in 
65 p rograms , d o w n 5 0 from 1982. It is in 
teres t ing to no te that in the 1982 A m e r i c a n 
A c a d e m y of Or thopaed ic Surgery M a n 
p o w e r S u r v e y , 4 42 percent o f those w h o 
r e sponded felt there w e r e too m a n y or tho
paedic surgeons in the i r geograph ic area. 
P lans call for these programs to con t inue to 
t rain 2 ,267 phys ic ians each year in the 
years to c o m e . 

N o w cons ider that there are current ly 
3 5 0 , 0 0 0 M D s and 15 ,000 D O s prac t ic ing in 
the U . S . By the yea r 1990, the c o m b i n e d 
n u m b e r is p ro jec ted to reach 5 6 0 , 0 0 0 . S ince 
many O & P professionals relate directly to 
orthopaedic surgeons, it is of interest to note 
that there were 12,250 fellows in the Ameri
can Academy of Orthopaedic Surgery in 1982, 
and many more MDs without board certifi
cation doing orthopaedics. By 1990, it is pro
jected that there will be 17,500 board certified 
orthopaedic surgeons. Additionally, there 
were 2,200 physiatrists, although their num
bers are not growing nearly as fast as those 
of orthopaedic surgeons. 

O f the n o n - p h y s i c i a n s , nurses as a group 
compr i s e the largest n u m b e r of providers 
of se rv ice , w i th abou t 1 ,360,000 in act ive 
service in 1982. Seventy- f ive thousand 
nurses are t ra ined each year , up from 
44,000 per year as recently as 1970. C o n 
trary to w h a t m igh t have b e e n wr i t t en , ac
cord ing to the Ins t i tu te of M e d i c i n e s tudy 



of 1 9 8 3 , 5 there w a s and is no shor tage of 
nurses , only a p r o b l e m o f poor d is t r ibu t ion 
and a difficulty in f inding nurses to work in 
areas such as surgical in tens ive care . By 
1990, there are expec ted to b e two mil l ion 
nurses in Amer i ca . 

Physica l therapis t schools graduated 
2 ,888 s tudents in 1981 from 82 schools . 
S i n ce n e w programs are cont inual ly b e i n g 
o p e n e d a n d a c c r e d i t e d , tha t n u m b e r 
shou ld surpass 3 ,000 per year b y 1985. 

The re are some 4 0 , 0 0 0 phys ica l thera
p is ts in the U . S . Acco rd ing to recent Bu
reau of L a b o r s ta t is t ics , a 1.9 percent un
e m p l o y m e n t rate exis ts for phys ica l thera
p is t s , w h i c h is s econd on ly to phys i c i ans at 
1.5 percent . In summary , it appears that 
there wi l l b e an inc reas ing supply o f or tho
paedis ts and related profess ionals , and the 
impac t o f subs t i tu t ion a m o n g providers 
canno t b e es t ima ted at this t ime . 

NUMBER OF ORTHOTISTS 
AND PROSTHETISTS IN 
PRACTICE SETTINGS 

S i n c e 1949 there have b e e n more than 880 
pros the t i s t /or thot i s t s , 1,392 or thot is ts and 
1,232 pros the t i s t s cert if ied b y the A m e r 
ican Board for Cer t i f ica t ion in Pros the t ics 

and Or tho t i cs , Inc . ( A B C ) . O n July 1, 1982, 
there were 817 C O s , 739 C P s , and 580 C P O s 
in good s tanding . T h i s total o f 2 ,136 rep
resented the current cer t i f ied work force in 
or thot ics and pros the t ics (Figure 1 ) . A s 
s u m i n g the presen t 2 , 1 3 6 , an addi t ion o f 
n i n e to ten pe rcen t pe r yea r for e igh t years , 
and one to two percent re t i rement ra te , b y 
1990 there wil l b e approximate ly 4 , 0 0 0 orthotic/prosthetic pract i t ioners in A m e r i c a , 
in contras t to 5 6 0 , 0 0 0 M D s , two mi l l ion 
nurses , and 40 ,000 phys ica l therapis ts 
(Figure 2 ) . 

At th i s po in t in t ime in the U n i t e d S ta tes , 
orthotists and prosthetists practice in five major 
settings (Figure 3) : 

1. Private offices. S i n c e the late 1880s , 
or thot is ts sought to m o v e out o f phy
s i c i ans ' offices a n d hospi ta ls in an 
effort to b e independen t providers o f 
services and dev ices , and to avail 
such services to m a n y phys ic i ans and 
pa t ien ts . T h i s pract ice se t t ing re
m a i n s the mos t prevalent . 

2 . Institutionally Based Service/Consultation. M a n y large ins t i tu t ions such as 
h o s p i t a l s — p a r t i c u l a r l y c h i l d r e n ' s 
hospi ta l s , r ehab i l i t a t ion cen te r s , o r 
r ehab i l i t a t ion and resea rch in s t i 
tutes—provide orthotic/prosthetic ser
vices from an internal staff. Rehabilita
tion facilities draw upon many disci-

Figure 1. The total number of certified professional orthotists/prosthetists. 



Figure 2. Projected number of health care professionals: 1990. 

plines for their services. The range of 
services which may be found in a facility 
is reflected in the Vocat iona l R e 
habi l i ta t ion A m e n d m e n t s o f 1968, 
w h i c h desc r ibe a rehabi l i t a t ion facil
i ty a s p rov id ing " s ing ly o r in c o m b i 
n a t i o n " one or more of the fol lowing 
services for hand i capped ind iv idua ls : 
(1) comprehens ive rehabi l i ta t ion ser
v ices w h i c h inc lude , under o n e m a n 
agemen t , medica l , psychologica l , so
cial and vocat ional se rv ices ; and (2) 
tes t ing , f i t t ing, or t ra in ing in the use 
o f pros thet ic and or thot ic devices . 

T h e fact that the s ta tutory language 
speaks specifically o f or thot ics at tests 
to the integral part in the rehabi l i ta 
t ion process p layed b y or thot is ts and 
pros the t i s t s . 

3. Supplier and Fabrication Management. 
T h e use o f a central product ion l abo
ratory external to the si te o f f i t t ing or 
measur ing wil l p robab ly increase in 
the 1980s in A m e r i c a . In order for a 
successful t rans i t ion in to that m o d e , 
c o m m u n i c a t i o n v ia the wr i t t en and 
spoken word is essen t ia l . W i t h o u t 
c o m m u n i c a t i o n , central p roduca t ion 
can b e a n igh tmare . 

Since many O & P professionals may 
use the same production facility, highly 
skilled practitioners who can relate to 
others and their fitting or measuring 

problems are necessary. A phone con
versation with an orthotist/prosthetist 
in the field from a knowledgeable and 
communicative fellow can make the dif
ference between success and failure of 
a fitting, particularly of a new device, 
material, or application. 

4 . Education. In the 11 p rograms avail
ab le for or thot ic or p ros the t ic ent ry-
level prepara t ion, there are full- t ime 
profess ional faculty respons ib le for 
this educa t ion . Accord ing to the 1976 
Pon te Vedra R e p o r t , 6 there were 17 
ful l- t ime cer t i f ied p ros the t i s t s , 24 
full-t ime cert if ied or thot is ts , and 13 
full-t ime cert if ied prosthetists/orthotists in th is area o f pract ice . 

T h e role o f the educators in these 
facil i t ies cannot b e underes t ima ted as 
they provide the source of the life 
blood for the future in orthotics and 
prosthetics. No similar data can be 
located on the current faculty numbers 
or locations. 

5. Research. To the knowledge of this 
author , few, if any, peop le w o r k in 
Amer i ca today do ing only bas ic re
search in orthotics/prosthetics. This is 
in n o way to ignore those practitioners 
who are working on the cutting edge of 
materials, design, or rehabilitation engi
neering. However , no known orthotist 
o r p r o s t h e t i s t p e r f o r m s o n l y s u c h 



research functions. It is included as a 
practice setting to emphasize the nec
essary role of research and develop
ment in the professions, even though 
few positions currently exist. 

Accord ing to Dr . Col in M c L a u r i n , 6 

his final examina t ion as a pros the t i s t , 
after seven years o f t ra in ing and ap
pren t i cesh ip as a j o u r n e y m a n , w a s to 
fit and fabricate a pros thes i s from raw 
mater ia l s , to inc lude the socket , k n e e , 
and foot. A l though this approach ap
parent ly deve lops a skil led ar t isan, it 
does little to r ecogn ize the cogn i t ive 
areas so necessa ry in the skills o f the 
m o d e r n or thot is t /pros thet is t . W i t h 
the skil ls current ly b e i n g taught in the 
bacca leaurea te p rograms , the profes
s ional is m o v i n g toward the status o f 
i ndependen t prescr ip t ion , f i t t ing and 
fabr ica t ion , a lways m a i n t a i n i n g the 
concep t of the t eam w h i c h has w o r k e d 
so successfully in the past . 

NEED FOR ORTHOTIC AND 
PROSTHETIC SERVICES 

In the prepara t ion o f this paper , contac ts 
w i th n u m e r o u s off ices, bu reaus , a n d data 
sources were m a d e in an a t tempt to iden
tify the popula t ion in A m e r i c a in n e e d o f 
pros thet ic a n d or thot ic serv ices . A l though 
the ques t ion has never b e e n addressed di
rectly, the in fo rma t ion p re sen ted w a s 
ga thered from the Nat ional Heal th Inter
v i ew S u r v e y , 7 a na t i onwide h o u s e h o l d 
survey conduc ted b y t ra ined representa
t ives from the U . S . Bureau o f the C e n s u s . 
U s i n g scient i f ic s ampl ing t e c h n i q u e s , per
cen tages o f the popula t ion in n e e d o f spe 
cific devices w e r e ident i f ied . T h e s e s tud ies 
have b e e n pub l i shed in 1969 and 1977. 

T h e results of these s tudies ind ica te that 
6 ,250 ,000 people in Amer i ca u sed o r thoses , 
whee lcha i r s , canes , o r special shoes in 
1969. B y 1977 8 the n u m b e r h a d g rown o n 
6 ,500 ,000 , o r abou t three percent o f the 

Figure 3. Orthotic/prosthetic practice settings. 



Amer i can popula t ion . Specif ical ly , peop le 
using leg orthoses increased from 233,000 
in 1969 to 400 ,000 in 1977. T h i s represen ts 
roughly 1.2 people pe r thousand popula
t ion in 1969 to 1.9 people per t housand in 
1977. 

L o o k i n g at the potent ia l marke t from an
o the r pe r spec t ive , there w e r e 1 ,392,000 
A m e r i c a n s in 1971 hav ing part ial or c o m 
plete paralysis , or 6 .9 per t housand popu
lat ion. O f those , 200 ,000 w e r e v i c t ims o f 
hemip l eg i a . B y 1977, the n u m b e r s had 
g rown to 1 ,532 ,000 peop le , 237,000 o f 
w h i c h w e r e h e m i p l e g i c , o r a b o u t 7.2 pe r 
thousand . Sp ina l cord in jur ies totaled 
1 5 0 , 0 0 0 , wi th e igh t to ten thousand n e w 
cases occurr ing each year . 

O f interest is the fact that for the same 
popula t ion survey, those u s ing pros the t ic 
legs n u m b e r e d .6 per t housand in 1969, or 
half of those us ing o r thoses . B y 1977 8 the 
f igures had j u m p e d to one pe r thousand 
us ing an artificial leg and 1.9 per t housand 
using leg orthoses or, again, nearly half. 
Total people repor t ing u s i n g e i ther artifi
cial legs o r a rms in 1977 were 2 7 5 , 0 0 0 . 

EDUCATIONAL 
PROGRAMS 

There are current ly 12 pract i t ioner- level 
p rograms located in the U n i t e d S t a t e s . 9 In 
addi t ion , there are four t echn ic ian or as
s is tant- level p rograms . The re is also a 
prac t i t ioner r e s idency t ra in ing p rogram of 
o n e year in length at the N e w i n g t o n Children's Hospi ta l , N e w i n g t o n , Connec t i cu t , 
w h o s e stated purpose is to al low a graduate 
or thot is t one year of spec ia l ized educa t ion 
unde r superv i s ion , deal ing specifically 
w i t h the or thot ic needs of ch i ldren . S ince 
the res idency concep t is no t n e w to medica l 
and paramedica l educa t ion , it i s unfortu
nate that it took until 1980 to get the first 
p rogram under way . 

U s i n g the stated enro l lment f igures 
pub l i shed in Orthotics and Prosthetics, 
Fall , 1 9 8 2 , 9 175 s tudents wil l graduate 
pe r yea r from these 12 schoo ls . It should b e 
no ted that 30 o f the 175 s tudents , about 17 
percen t , c o m e from the A r m y or thot ic 
schoo l , w h o s e mode l differs from m o s t 

o thers in that n o formal educa t ion is r e 
qu i r ed pr ior to admis s ion . A c c o r d i n g to 
the current s tandards of A B C , graduates o f 
this p rogram do not qualify to sit for the 
or thot ic boa rd examina t ion a n d therefore 
do n o t h i n g to inc rease the c redent ia led 
m a n p o w e r in the field for the future. 

In keep ing wi th a resolut ion pas sed at 
the Pon te Verdra mee t i ng o f 1976, there is 
on ly o n e sub-profess ional in or thot ics a n d 
pros the t ics , the t echn ic ian . It w a s also rec
o m m e n d e d that on ly the educa t ion pro
gram b e cert if ied b y A B C , and the t echn i 
c ian b e regis tered , as o p p o s e d to b e i n g 
cert i f ied. 

PROFESSIONAL 
ORGANIZATION/ 
CERTIFICATION 

Cert i f ica t ion of bo th profess ionals and 
facil i t ies is admin i s t e red b y the Amer i can 
Board for Cer t i f ica t ion in Or tho t i c s and 
Pros the t ics , Inc . T h i s boa rd was e s t ab 
l i shed in 1948 through a c o m b i n e d effort o f 
the or thot ic and pros thet ic indus t ry and 
the Amer i can A c a d e m y of Or thopaed ic 
S u r g e o n s . 1 0 T h e A B C promotes h igh pro
fessional s tandards , h igh qual i ty faci l i t ies , 
and develops and admin is te r s e x a m i n a 
t ions in pros the t ics and or thot ics . Add i 
t ionally, the organiza t ion serves as an ap
peal commi t t ee for al leged v io la t ions of 
e s t ab l i shed s tandards of prac t ice , e th ics , o r 
law. 

DEVICE FABRICATION 
AND DELIVERY 

There is no data wh ich desc r ibes the 
state of affairs in A m e r i c a today wi th re 
spect to the sub jec t of fabr icat ion or prefabrication. Cos t s assoc ia ted wi th cer t i f ied 
pe r sonne l , p las t ics , ovens , v a c u u m form
ing , and Occupa t iona l Safety and Heal th 
Admin i s t r a t ion regula t ions in the late 
1960s and early 70s gave b i r th to the con
cept o f central fabr ica t ion , o r p roduc t ion o f 
devices from a cent ra l ized geographica l lo
ca t ion , often apart from the f i t t ing cen te r or 
office. Centra l fabr ica t ion al lows t echno l -



o g y to b e appl ied rapidly, w i thou t the n e e d 
for each facility to purchase , u s e , and 
ma in t a in expens ive , mode rn , h igh - t ech 
no logy e q u i p m e n t . 

Cent ra l fabr icat ion is a natural ex t ens ion 
o f prefabr ica t ion , concen t ra t ing o n an y de
v ice w h i c h can b e m a s s p roduced in pre
de t e rmined s izes , l eng ths , t h i cknesses , or 
conf igura t ions . T h i s feature al lows the 
prac t i t ioner to modify the dev ice to fit an y 
c h a n g e necessary . If the ent i re dev ice 
n e e d s c u s t o m fabr ica t ion , i t too can b e fab
r icated at a cent ra l ized locat ion from a cast 
o r mo ld taken b y the cer t i f ied prac t i t ioner 
and sent to the laboratory. T h i s sys t em is 
ana logous to the current p roduc t ion of 
dentures , eyeg lasses , and o ther med ica l o r 
dental dev ices . 

W h e n central fabr ica t ion was first de 
ve loped , it w a s done to al low the pract i 
t ioner m o r e t ime to do o ther th ings . In the 
future, it will al low the prac t i t ioner to sur
v ive , as profit marg ins wil l b e held in check 
b y governmenta l controls put in place in an 
effort to control heal th care related cos t s . 

In a recent survey compi l ed b y Char les 
H. P r i tham, C P O , 1 1 17 percent o f the re
spondents indicated that their pat ients in 
n e e d o f leg o r thoses r ece ived 100 percent 
plast ic dev ices . S ix ty -one percent ind i 
ca ted that they del ivered 75 percent plast ic 
and on ly 25 percent meta l , w h e r e a s only 15 
percent used less than 25 percent plast ic 
and , therefore , 75 pe rcen t metal o r thoses . 
R e a s o n s c i t ed for us ing plastic ins tead o f 
meta l w e r e we igh t , c o s m e s i s , versat i l i ty , 
e tc . O f those r e spond ing , the mos t c o m 
m o n l y c i t ed d i sadvan tage o f the plast ic an
kle-foot o r thos i s ( A F O ) w a s the inab i l i ty to 
adjust the ankle in dors i - or plantar-flex
ion . N o data exis ts c o n c e r n i n g cri ter ia used 
for such plast ic or metal A F O fi t t ings. 
Therefore , the data in th is survey is i n c o m 
ple te . S ince the p rocess from prescr ip t ion 
through fi t t ing may involve a n u m b e r o f 
profess ionals b e s i d e s the or thot is t , c o n 
s i s tency b e t w e e n geographica l areas o r fa
c i l i t ies m a y b e difficult to demons t r a t e— 
even in the p resence of inc reas ing centra l 
fabr ica t ion avai labi l i ty. 

A n analys is o f cer t i f ied or thot ic and 
pros the t ic facil i t ies in A m e r i c a reveals a 
total n u m b e r o f 5 2 1 . 1 0 O f these , 119 are 

cert if ied in or tho t ics , 123 are cer t i f ied in 
p ros the t i c s , and 279 are cer t i f ied in bo th . 
T h e s e facil i t ies are m o s t n u m e r o u s in the 
states o f Cal i fornia (54) , M i c h i g a n (35) , 
N e w York (34) , O h i o (34) , I l l inois (33) , and 
Pennsy lvan ia (28) . 

S ince there are abou t 220 mi l l ion peop le 
in A m e r i c a , there are abou t 10 cert i f ied fa
c i l i t ies p e r state on an average , or one facil
i ty for 4 2 2 , 0 0 0 popula t ion . O b v i o u s l y the 
state averages are difficult to use . S o m e 
s ta tes , l ike W y o m i n g , h a v e n o cert i f ied fa
c i l i t ies and therefore have d i s t r ibu t ion 
p rob l ems—even though, as in W y o m i n g ' s 
ca se , the state m a y have a relat ively small 
popula t ion . 

T h e Ve te rans ' Admin i s t r a t i on (V.A.) is 
the largest or thot ic and pros the t ic centra l 
pu rchas ing and de l ivery sys t em in the 
U n i t e d S ta tes . A c c o r d i n g to informat ion 
suppl ied b y Mr . Freder ick D o w n s , J r . , D i 
rec tor o f Pros the t ic and S e n s o r y Aid Se r 
v ices for the V . A . , 1 2 in the fiscal year 
1 9 8 1 - 8 2 , the V.A. spen t near ly 100 mi l l ion 
dollars. T h i s inc ludes all phases o f prosthetic-orthotic act ivi ty, f rom t ra in ing pro
g rams to tes t ing and d i s t r ibu t ion of de 
v ices , to direct p ros the t ic dev ice se rv ices . 
Total cost assoc ia ted wi th the provis ion o f 
130 ,313 or thot ic app l iances w a s $6 ,096 ,997 , 
of w h i c h nearly 80 percent was in ternal ly 
suppl ied . Total pros the t ic devices and sen
sory a id suppl ies n u m b e r e d 1,330,767, at a 
cos t o f $ 7 9 , 1 1 5 , 3 0 3 . Inc luded in the in ter 
nal ly suppl ied ca tegory are cus tom fabr i 
ca ted shoes , a service no t readi ly c o m m e r 
cially avai lable . 

THE FUTURE FOR 
ORTHOTICS AND 
PROSTHETICS 

T h e future for or thot ics a n d pros the t ics 
in Amer i ca appears headed in the d i rec t ion 
o f o the r al l ied heal th care , bu t different 
from the o the r medica l a n d paramedica l 
models (Figure 4 ) . T h e data clearly d e m o n 
strate that b y the year 1990 there surely wil l 
b e present an oversupply o f fully t ra ined 
phys i c i ans , abou t 560 ,000 in n u m b e r , o r 
70 ,000 in excess of predic ted needs . T h e 
suppl ies of nurses and o ther allied heal th 



profess ionals , whi le larger, are not pre
d ic ted to be in excess b y 1990. The re wil l 
surely b e a shor tage of cert if ied orthotis ts / 
pros thet is ts b y 1980 s tandards . H o w e v e r , 
the federal po l ic ies wh ich wil l b e necessa ry 
to deal wi th the phys ic ian excess will cer
tainly have an effect on o ther providers 
such as or thot is ts and pros thet is ts . 

T w o theor ies w h i c h descr ibe wha t m a y 
occur as a result o f this phys ic i an oversupply sugges t s o m e in teres t ing p ropos i 
t i o n s . 1 3 O n e theory, the py ramid mode l , 
predic ts that the group at the top , the phy
s i c i ans , wil l react to the oversupply b y re
c l a iming m a n y tasks w h i c h h a d prev ious ly 
b e e n delegated to nurses , therapis ts , or 
thot is ts , o r o the rs , in t imes o f shor tages of 
phys i c i ans or growth . T h e second theory 
predic t s that the forces of a compe t i t ive 
marketp lace wil l cause phys ic i ans to in 
crease thei r product iv i ty by us ing m o r e as
s i s t ive pe r sonne l , resul t ing in an overall 
g rowth for all. 

A n o t h e r factor w h i c h m a y affect the fu
ture o f or thot ics is the impact o f wha t has 
c o m e to b e k n o w n as T E F R A , or the Tax 
Equ i ty and Fiscal R e s p o n s i b i l i t y Ac t o f 
1982. T h e s e 1982 a m e n d m e n t s to the M e d i 
care Sec t ion o f the Soc ia l Secur i ty Ac t pro
pose the m o s t far- reaching changes in 
heal th care r e i m b u r s e m e n t s ince the b e 

g i n n i n g of the p rogram in 1965. 
In 1982, the U n i t e d States spent 322 

bi l l ion dollars for heal th care , o f w h i c h 42 
percent w a s for hospi ta l care a n d 19 percen t 
w a s for phys ic i an services . Al though the 
f igures of $136 b i l l ion for hosp i ta l care and 
$62 b i l l ion for phys i c i ans are s tagger ing , 
more s tagger ing is the rate at w h i c h these 
dollar values rose over 1981: abou t 14 .9 per
cent . T h e s e figures are p rov id ing m a n y 
wi th the ev idence they feel they n e e d to 
l imi t o r to put " c a p s " o n r e i m b u r s e m e n t . It 
r ema ins to b e seen h o w these r e i m b u r s e 
m e n t pressures m a y alter the pract ice o f 
or thot ics , bu t it is clear that there wil l b e 
incen t ives to hold down fees. 

Hosp i t a l care was the largest par t o f the 
10 .5 percent of the Gross Na t iona l Product 
spen t for heal th care in the Un i t ed Sta tes 
last year . T h e changes w h i c h T E F R A in
cludes w e r e pr imar i ly a imed at non -phys i 
c ian costs assoc ia ted wi th the Med ica re 
program. T h e s e changes wil l replace a 
charge sys tem o f rou t ine per d i e m cos t 
l imi ts w i th a sys tem o f l imits o n total oper 
a t ing cos t -per -case , b a s e d o n each diag
nos t ic related g roup ing , or D R G . Each pa
t ient admi t ted to the hospi ta l wil l b e as
s igned a D R G for p a y m e n t purposes . Pay
m e n t wil l then be made on an average 
l ength o f s tay ass igned for that part icular 

Figure 4. Phenomena affecting the future in orthotics and prosthetics. 



D R G . A n y days of inpa t ien t care in excess 
o f the approved s tandard will no t b e r e im
bu r sed to the hospi ta l . T h e D R G sys t em is 
the m e c h a n i s m chosen to i m p l e m e n t a 
prospec t ive paymen t sys tem, wi th the 
overall goal o f the p rogram b e i n g to control 
future increases in cos t to the federal gov
e r n m e n t o n beha l f o f the M e d i c a r e pro
gram. 

T h e n e w paymen t concep t represen t s the 
first fundamenta l change in the p a y m e n t 
sys tem for A m e r i c a ' s hospi ta ls in 50 years . 
All c o m b i n a t i o n s o f the 11 ,828 d iagnoses 
and 3 3 , 0 0 0 procedures current ly inc luded 
w i t h i n the cod ing sys t em o f the Internal 
Classification of Diseases have b e e n conso l i 
da ted in to 468 d iagnos t ic related groups . 
P a y m e n t will b e calculated o n the bas i s of 
the average cos t o f care for pa t ien t s in each 
D R G through the na t i on ' s 6 ,000 acute gen
eral hospi ta ls . 

W h a t is no t clear at th is po in t is w h a t 
effect th i s and future p rogram c h a n g e s wil l 
have o n O & P services del ivered to Medi 
care benef ic iar ies , but more important ly , 
w h a t effect this p rogram c h a n g e will have 
o n o ther purchase rs of these services , 
n a m e l y private commerc ia l insurers , and 
Blue Cross . In Iowa , for example , the Insur
ance C o m m i s s i o n e r has called for a pro
spect ive p a y m e n t mode l to be put in place 
a long wi th the c h a n g e s in Medica re . S ince 
in m a n y s ta tes Blue Cross acts as the fiscal 
in te rmediary for Medica re , there are likely 
to be m a n y similarit ies b e t w e e n Medicare 
and B lue Cross . 

T h e conce rn for all of us w i th these 
t rends and changes are the potent ia l for 
e ros ion o f non -phys i c i an or non-hosp i t a l 
se rv ices to b e capped , cut , o r severe ly l im
i ted at the e x p e n s e o f more expens ive , 
be t t e r l o b b i e d , inpa t i en t hospi ta l or phys i 
c ian de l ivered care . 

T h e future for or thot ics and pros thet ics 
p romises a be t te r eng inee red , m o r e effec
tive, less-expensive-to-produce product, and 
the a c c o m p a n y i n g service o f the profes
s ional , well t ra ined and exper ienced in 
appropr ia te or thot ic appl icat ions . Or thot ic 
appl ica t ions for poor ly unders tood prob
lems will challenge the orthotist of the future. 
C h a l l e n g e s s u c h a s p r o p h y l a c t i c k n e e 
o r thoses represen t a revolut ion in the pre

ven t ion o f injuries in contact sports , such 
as football . O t h e r appl icat ions in the work 
set t ing w o u l d assist worke r s wi th certain 
stressful tasks , a t t empt ing to prevent or 
reduce the severi ty a n d n u m b e r s o f injuries 
w h i c h resul t in lost t ime from work a n d an 
overall loss o f product ivi ty . This future will 
cer ta inly involve the use of compu te r 
ass is ted des ign, modif icat ion, a n d pe rhaps 
e v e n fabrication. M r . J i m Foor t in British 
C o l u m b i a h a s d e v e l o p e d a c o m p u t e r 
ass is ted p rog ram for be low-knee socket 
des ign , modif icat ion, a n d fabrication. In 
order to in tegrate the compute r into the 
pract ice of or thot ics and pros the t ics , engi
nee r s will b e cal led o n for their ass is tance , 
con t inu ing to c o n s u m m a t e this marr iage 
b e t w e e n or thot is ts a n d eng inee r s . 

It appears clear that , i f the p red ic t ions 
hold true, there wi l l b e a shor tage o f orthotists/prosthetists in 1990. Phys i c i ans wil l 
undoub ted ly b e t rea t ing m a n y pa t ien t 
types w h o , l ike the i r counterpar ts o f y e s 
terday, wi l l b e survivors , due to advances 
in med ica l knowledge or technology , al
l owing even normal people to l ive longer 
l ives . A long wi th that cha l lenge goes an 
equa l chal lenge to m a k e that longer life 
more funct ional than prev ious ly exper i 
enced . The re in l ies the cha l lenges for the 
or thot is ts a n d pros thet is ts of the future. 
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An Alternative Approach to Fitting 
Partial Hand Amputees 

Russell D. Brown, C.P.O. 

S o m e surgeons be l i eve in sav ing as 
m u c h of the residual l i m b as poss ib le w h e n 
per forming an amputa t ion . B e c a u s e of 
th is , the pros thet i s t is s o m e t i m e s faced 
wi th the cha l lenge o f p roduc ing a p ros the
sis for the upper l i m b amputee w h o may, in 
the op in ion o f m a n y pros the t i s t s , have too 
much o f the or ig ina l l i m b left to treat cos 
met ical ly (Figure 1 ) . W e are accus tomed to 
hav ing room for a wr i s t uni t at the e n d of 
the socket to con ta in the te rminal device . 
For those o f you w h o have run in to this 
s i tuat ion, I would l ike to share wha t I have 
found to b e a successful so lu t ion . 

T h e s e amputees are usual ly s t rong, and 
eager to use the affected l imb to its full 
advantage . T h e y are also usual ly unwi l l ing 
to have surgical rev i s ions m a d e . In m o s t 
cases , b y the t ime of pros the t ic in te rven
t ion , the residual h a n d is already b e i n g 
used to ass is t the s o u n d s ide . In addi t ion , 
little a t rophy m a y b e apparent due to the 
partial usage . 

Se lec t ion of a terminal device m a y b e a 
p r o b l e m b e c a u s e of the length of the device 
added to the tradit ional p ros thes i s . The 
P r e h e n s i l e Hand® w h i c h is ava i l ab le 
through Therapeu t ic Recrea t ion S y s t e m s , 
I n c . , 1 has the abi l i ty to set the funct ioning 
surfaces of the device in the proper re
la t ionsh ip wi th the ext remi ty (Figure 2 ) . 

Figure 1. The prosthetist is often faced with having to 
treat cosmetically the length of the residual limb in 
the partial hand amputee. 



Figure 2. The prehensile hand, supplied by Thera
peutic Recreation Systems. 

Figure 3. As a result of the bulbous shaped distal end, 
suspension may be achieved easily. 

Figure 4. Provisions for the proper loading of forces 
begin, as always, with a good cast. 

Figure 5. Supination and pronation control may be 
maintained by obtaining a narrow medio-lateral di
mension in the negative mold. 

Fur thermore , this voluntary c los ing termi
nal device b l ends wel l into the natural re
flex habi t s of the ampu tee , so the ease o f its 
use is also a plus wi th this type o f pros
thes i s . 

The advantages of the partial h a n d am
puta t ion b e c o m e apparent as one forms the 
socket . As a result o f the b u lb o u s distal 
end , su spens ion m a y b e ach ieved easi ly b y 

the use of an expandab le dorsal w i n d o w 
(Figure 3 ) . 

T h e same p rov i s ions for the loading and 
un load ing o f forces are taken in m a k i n g the 
nega t ive mo ld as w i th any o ther upper 
l i m b cas t ing procedure (Figure 4 ) . 

Sup ina t ion and prona t ion are not usu
ally b locked at th i s level. Full advantage 
can b e taken of this control b y ge t t ing a 
nar row medio- la tera l d i m e n s i o n wi th the 
nega t ive mold (Figure 5 ) . 



Fas t en ing the te rmina l dev ice to the 
p ros thes i s is accompl i shed b y r emov ing 
the threaded male b a s e plate , w h i c h is at
tached to the Prehens i l e H a n d wi th two 
hard sc rews , and apply ing a n e w founda
t ion , w h i c h is c rea ted b y dupl ica t ing the 
s a m e d i m e n s i o n s o f the distal end o f the 
b a s e plate w i th a p iece o f S.T. 2 0 2 4 , 1/4" x 2" 
a l u m i n u m ba r and r ivet ing a s tabi l iza t ion 
bar (Figure 6 ) . A n o t h e r plate o f s ta inless 
s teel is shaped to fit the flat surface o f the 
a l u m i n u m b a s e and yet b e con toured to the 
volar distal end o f the socket . T h i s b a s e 
plate is to b e l amina ted in to the socket . 

T h e n e w socket b a s e plate is tapped to 
rece ive screws p laced through c learance 
ho les in the a l u m i n u m base . O t h e r mul t i 
ple holes are dril led in the s ta inless steel 

ba se plate to increase the mechan ica l b o n d 
created at the t ime the plate is l amina ted 
into the pros thes i s . 

A t the t ime of the trial f i t t ing, e x a m i n e 
the socket as usual , and m a k e any neces 
sary ad jus tments . T h e s ta inless s teel plate 
can n o w b e pos i t i oned to hold the p rehen
sile h a n d in the mos t funct ional pos i t ion 
(Figure 7 ) . 

To comple te the p ros thes i s , l aminate the 
s ta in less steel plate in place and al ign the 
te rmina l device . D o n the p ros thes i s u s ing 
the dorsal w i n d o w and the Velcro® straps. 
T h e cable m a y n o w b e a l igned (Figure 8 ) . 

W e have found that a # 9 ha rness affords 
the bes t function o f the device (Figure 9 ) . 
T h e adaptabi l i ty o f the ampu tee wi th ease 
of funct ion has b e e n gratifying. H e not 
on ly can perform intr icate m o v e m e n t , bu t 
is also capable o f heavy manua l l abor as 
wel l (Figure 10) . 
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Figure 6. The component parts of the terminal device 
showing the new adapted flat base plate which re
places the threaded standard base plate. 

Figure 7. At the time of the trial fitting, adjustments may be made to place the terminal 
device in the position of best function. 



Figure 8. The completed prosthesis with final terminal device alignment and Velcro(R) 
closures. 

Figure 9. The appearance of the finished prosthesis on the patient demonstrating approxi
mation of length. 

Figure 10. The patient, while able to participate in heavy manual labor, is also capable of 
intricate movement. 



Technical Note— 
Case Study: 
A Multiple-Form Plastic Ankle 
Foot Orthosis 
David C. Showers, C.P.O. 

INTRODUCTION 
There are universa l ly accepted or thot ic 

des igns for the pa t ien t w h o presen ts w e a k 
ankle dorsif lexors coup led wi th s w i n g 
and s tance phase lateral ins tab i l i ty o f 
the subta lar j o in t . In m o s t cases , these 
s tandard des igns are adequa te for the 
p rob lem. Howeve r , the or thot is t wi l l occa 
s ional ly have a pa t ien t on w h o m the rou
t inely p resc r ibed Ank le Foo t Or thos i s 
( A . F . O . ) des igns are unsat isfactory or un
acceptable . In o n e such ca se , i l lustrated 
w i th in , a Mul t ip le -Form molded A . F . O . 
w a s dev i sed to m e e t the ext raordinary 
needs o f the pat ient . In select cases , the 
or thot is t m a y find this Mul t ip l e -Form 
molded A . F . O . a va luable al ternat ive de
s ign . 

CASE HISTORY 
A twenty-e igh t yea r old ma le was diag

nosed as hav ing p e r m a n e n t ne rve d a m a g e 
in h i s left leg as a result o f a fall d o w n a 
flight o f s tairs . O n examina t ion , h e e x h i b 
i ted w e a k ankle dorsif lexion and lateral in 
s tabi l i ty of the subta lar j o in t . T h e pa t ien t 
h imse l f compla ined of pa in and ins tabi l i ty 
o f h i s ankle w h e n s tanding or ambu la t ing 
Moreover , the musc le i m b a l a n c e in h i s leg 
w a s a potent ia l cause o f cont rac tures . 

T w o different types o f Ank le -Foo t O r 
thoses h a d b e e n p resc r ibed , used , and 
s u b s e q u e n t l y rejected b y the pat ient . T h e 
first w a s a so l id-ankle , cus tom molded , 

po lypropylene A . F . O . w h i c h unnecessa r 
ily res t r ic ted ankle plantarf lexion and dor
sif lexion. T h e s econd or thos is w a s a dou
b le -upr igh t A . F . O . w i t h dorsif lexion assis t 
and a lateral control T-strap a t tached to the 
s h o e . T h e pa t ien t found this o r thos i s 
bulky, no isy , cosmet ica l ly unaccep tab le , 
and not truly suppor t ive , as the foot con
t inued to inver t ins ide o f the shoe . 

TREATMENT 
W h e n th i s pa t ien t w a s referred to m e , I 

r e c o m m e n d e d a cus tom molded plastic 
ankle foot or thos is w i th ar t iculated ankle 
and dors i f lexion a s s i s t . 1 A l though this de
s ign would have b e e n funct ional and sup
por t ive , the pa t ien t re jected the idea o f 
hav ing metal ankle jo in t s . 

S i n c e a n y u se o f meta l j o in t s w o u l d b e 
refused, I d e s i g n e d a cus tom mo lded 
s ingle- form A . F . O . w i t h media l and lateral 
ex tens ions to control the M - L ins t ab i l i t y . 2 

T h e pa t ien t accepted the des ign , bu t the 
difficult to f inish ankle t r iml ine sacrif ied 
purchase area , r educ ing the effect iveness 
o f M - L support . A l so , the des ign w a s p rone 
to fat igue and b reakage in the na r row 
curves . 

T h e final solut ion was found in des ign 
ing a Mul t ip le -Form Plast ic A . F . O . c o m 
b i n i n g a pos te r ior leaf-spring Molded 
A . F . O . and an over lapp ing re inforced form 
ex tend ing media l ly and laterally for r ig id 
support . The pa t ien t was sat isf ied wi th the 



funct ion, suppor t , and cosmes i s o f this 
o r thos is . H i s phys ic i an and therapis t ap
proved after the i r respect ive eva lua t ions . 

FOLLOW-UP EVALUATION 
Five yea rs later, the pat ient w a s seen for 

an upda ted evaluat ion . T h e medica l t eam 
conc luded that the or thos is w a s still func
t ion ing well and it was re furb ished wi th 
n e w Velcro® closures and n e w plastizote® 
malleol i padd ing (Figures 1, 2 ) . T h e team 
w a s p leased to find that the pa t ien t ' s ankle 
jo in t was not r ig id and that h e had not 
deve loped a varus contracture at the s u b 
talar jo in t . T h e pa t ien t n o w rece ives six 
m o n t h per iodic evaluat ions due to the age 
of h is o r thos i s . 

FABRICATION AND 
FITTING 

A s tandard des ign , po lypropylene , pos 
ter ior leaf spr ing, mo lded A . F . O . is fabr i
cated and trial fitted to f inal ize a t r im l ine 
that wi l l suppor t the w e a k dorsif lexors, yet 
al low flexibi l i ty for normal act ive plantar-
flexion. T h e comple ted leaf spr ing sec t ion 
is again placed on the plaster mode l and a 
second po lypropylene form is v a c u u m 
formed over the first. T h e second form 
should b e re inforced wi th str ips of poly
p r o p y l e n e . 3 F rom this , a sect ion to control 
medio- la tera l ins tab i l i ty will b e cut and 
fitted for o p t i m u m funct ion (Figure 3 ) . T h e 
distal pos ter ior under s ide o f the second 
form mus t b e beve l ed generous ly to pre
ven t the s t ress of repeated plantarf lexion 
from caus ing p remature fatigue o f the 
plast ic. T h e s econd form is secured wi th 
screws to the mid-ca l f sec t ion of the first 
form a l lowing for easy removal for t r iml ine 
ad jus tments (Figure 4 ) . Velcro® closures 
keep the leg pos i t i oned in the o r thos i s . 

CONCLUSION 
T h e Mul t ip le -Form Plast ic A . F . O . is 

made o f two sec t ions , a pos ter ior leaf-
spr ing A . F . O . for an tero-pos ter ior control , 
and a re inforced second form for med io -
lateral control . Th i s or thot ic des ign w a s 

Figure 1. Medial view of multiple form plastic 
AFO. 

Figure 2. Anterior view of multiple form plastic AFO 
showing minimal anatomical change. 



Figure 3. Lateral view of the multiple form plastic 
AFO showing the added material at the ankle to pro
vide sufficient control of the lateral instability. The 
trim line is crucial in this area. 

Figure 4. Posterior view showing the attachment 
points of the second form. 

able to meet one pa t ien t ' s needs for m a i n 
ta in ing ankle funct ion, p reven t ing further 
subtalar ins tabi l i ty or deformi ty and dis
p lay ing acceptable levels of v isual , audit
ory, and sensory cosmes i s . W h e r e a s m o s t 
pa t ients w h o display w e a k dorsif lexors 
and lateral ins tabi l i ty can b e a c c o m m o 
dated through more s tandard orthot ic de
s igns , it is sugges ted that the Mul t ip le -
Form molded A . F . O . m a y b e useful in 
select s i tua t ions . 

REFERENCES 
1Bensman, Alan S., "A New Ankle-Foot Orthosis Combining the 

Advantages of Metal and Plastics," Orthotics and Prosthetics, Vol. 33, 
No 1, March, 1979 

2SaboIich, John, "Modification of the Posterior Leaf Spring Or
thosis," Orthotics and Prosthetics, Vol 30, No. 3, September, 1976. 

3Showers, David C., and David Laird, "A Reinforcing Technique in 
Orthotics and Prosthetics, Orthotics and Prosthetics, Vol. 36 , No. 2 , 
Summer, 1982. 

ACKNOWLEDGMENT 
The author would like to acknowledge Martha Strunck, C.P. for her 

assistance in preparing this article. 

AUTHOR 
David C Showers, C.P.O., is a lecturer at the University of Pennsyl

vania School of Medicine, Physical Medicine and Rehabilitation, and 
Director of Prosthetic-Orthotic Clinical Services at the Hospital of the 
University of Pennsylvania, INA Orthotics/Prosthetics Research Lab, 
Hospital of the University of Pennsylvania, 3400 Spruce Street/Gl, 
Philadelphia, Pennsylvania 19104 



Technical Note: 

The Application of Nickelplast in 
Fabricating a PTB Insert 
Glenn Kays, B.S., C.P.O. 
Greg Scott, B.A., C.P. 

For several years , w e have b e e n exper i 
m e n t i n g wi th var ious mater ia ls in an effort 
to develop a P T B inser t that wou ld mee t the 
fol lowing cri ter ia: 

1. Ease of fabr icat ion 
2 . Appea l ing c o s m e s i s 
3. Ease of modi f ica t ion 
4 . Mater ia l in tegr i ty that is not c o m 

p r o m i s e d under we igh t bea r i ng 
In our op in ion , K e m b l o and P E L I T E ® , 

the materials of choice in the past, do not 
satisfactorily mee t the above cr i ter ia . Nor 
do Aliplast , Lynadure , Spenco®, PPT, or 
s i l i cone gel . N icke lp las t 1 is the mater ial 
that has come the closest to fi t t ing our 
needs . 

FABRICATION 
T h e s teps in fabr icat ing the Nickelplas t 

inser t are as follows: 
1. Lay up the lea ther interface in the 

normal fashion. 
2 . Cu t a pa t tern out of 3/16" Nickelplast as 

s h o w n in F igure 1. 
3. Sk ive one s ide of the mater ia l , on a 

d rum sander , at least one inch in from 
leading edge . 

4. G lue the lea ther interface a n d Nickel
plast wi th 3 M contact c e m e n t o r an 
equ iva len t adhes ive . 

5. A l low the glue to set five minutes , 
a n d t hen place the Nickelplast in the 

oven at 350°F for o n e minu te , after 
w h i c h t ime the mater ia l wi l l b e flexi
b l e and eas i ly worked . 

6. R e m o v e the mater ia l from the oven 
and place the skived edge of the Nick
elplast a long the pos te r ior mid l ine as 
s h o w n in F igure 2. C o n t i n u e to wrap 
the mater ia l a round the pos i t i ve 
mode l w h i l e modera te ly s t re tching 
and h a n d fo rming to insure a good 
b o n d b e t w e e n the mater ia ls . 

7. T r im the pos ter ior , l eav ing a one inch 
over lap , as s h o w n in F igure 3. Glue 
the edge wi th poly a d h e s i v e , 2 and 
skive the over lapped mater ia l to pro
v ide a smoo th seam. 

Figure 1. A pattern is made of the Nickelplast material 
according to the measurements of the positive model. 



Figure 2. One edge of the skived material is attached 
to the midline. 

Figure 3. A one-inch overlap is made of the insert 
material after molding around the positive mold. 

Figure 4. The finished appearance of the Nickelplast 
insert. 

8. C a p the distal e n d wi th 3/16" Nickelplast us ing poly adhes ive . Sk ive the 
distal end cap , pull a shee t of P.V.A. 
over the l iner and lamina te the socket 
in the usual manne r . A f in i shed inser t 
is s h o w n in F igure 4 . 

W e have n o w b e e n us ing Nickelplast , 
successfully, in the fabr ica t ion of P T B in-

serts for over two years . In this length of 
t ime w e have fit n ine ty - two pa t ien ts u s ing 
this mater ial . P T B inser ts wi th supracon
dylar and suprapatel lar su spens ion have 
also b e e n successfully fabr icated wi th 
n ickelplas t . O n examina t ion of the first in
serts w e fabr icated from this mater ia l , w e 
found that they held up be t te r than inserts 
m a d e from the o ther prev ious ly m e n t i o n e d 
mater ia ls . Recent ly we have u sed Nickel
plast in con junc t ion wi th s i l icone gel and 
o ther mater ia ls for m a n a g e m e n t of difficult 
fi t t ing p rob lems . Pa t ien t accep tance is very 
good , and comfort and durabi l i ty has in
creased over o ther inser ts that they have 
worn . 

NOTES 
1Alimed, Boston, Massachusetts 
2Cascade Orthopedic Supply Co . , Chester, California 
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TWO-POST ORTHOSIS for stabilizir 
cervical and upper thoracic regions. 

Spinal orthoses are our only product. They are only 
available through ethical dispensing orthotists. Because 
of this we have the motivation and the skill to provide 
you with the highest quality orthoses possible for max
imum acceptance by your doctors and patients. And we 
back you up with 24-hour delivery of your prescription 
orders anywhere in the country. Plus, we have a price 
structure to make our service 

' your most profitable way to 
fill prescriptions Florida Brace 
Corporation, P.O. Box 1299, 
Winter Park, Florida 32789. 

F l o r i d a 
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Corporation 
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refabr icated p o l y e t h y l e n e femora l , t ibial a n d f o o t / a n k l e c o m p o n e n t s design-
d for distal f e m o r a l a n d t ibial p la teau fractures, as w e l l as post opera t ive 
nee l igamentous repair a n d p r o b l e m tota l h ip pat ients. Un ique n a r r o w M-L 
n d long A-P femora l c o m p o n e n t design prov ides increased lateral pressure 
n the f e m o r a l shaf t a n d fits a w i d e range of pat ients w i t h l imited custom 
t t i n g . A n t e r i o r o p e n i n g s o f t ibial a n d femora l c o m p o n e n t s facil i tate appl ica-
o n , ad jus tment , r e m o v a l a n d skin care. C o m p o n e n t s can be j o i n e d at the 
nee w i t h Ch icago- type screws a n d at the ankle w i t h Ve lcro . A d a p t a b l e t o 
o u r choice o f knee j o i n t s - free knee, l imited m o t i o n , or adjustable . 

eparate c o m p o n e n t s for b o t h r i g h t a n d left legs are easily t r i m m e d a n d 
an be fit in the hospi ta l faci l i ty . 

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

AMORAL 
FRACTURE 
ORTHOSIS 

Interchangeable small, medium, medium-long, 
and large femoral, tibial, and shoe insert com
ponents available separately for each leg. ______ 

• • • • • • • • • • • • • • • • • • • • • • • • a 

• l « | g mm 
:::•::::::::)::::::::::::: 

•US Patent 4.320.748 
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REVIEWS 

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

Tumor Prostheses for Bone and Joint Recon
struction: The Design and Application, 
Edi ted b y E d m u n d Yee-su C h a o , P h . D . 
and J o h n C. Iv ins , M . D . , Th ieme-S t ra t ton , 
Inc . , 381 Park A v e n u e , Sou th , N e w York, 
N.Y. 10016. 463 pages and index , 1983, 
$ 6 2 . 0 0 . 

T h i s b o o k reports the results o f a work
shop held in 1981 . Fif ty-eight papers are 
p resen ted in the b o o k , and apparent ly, 
even more were heard in the w o r k s h o p , 
wh ich inc luded some 100 par t ic ipants from 
around the wor ld . Topics covered inc luded 
surgery, chemotherapy , allograft recon
struct ive procedures , tumor endopros the 
ses , des ign cons ide ra t ions , implan t ma te 
rials , and a t tempts to assess the long te rm 
effects. W h i l e m a n y of the papers were 
conce rned wi th the pe lv is and femur , the 
shoulder , humerus , and spine were also 
covered . 

A n y pros thet i s t w h o has b e e n con
fronted wi th a pat ient w h o expe r i enced 
amputa t ion at a h i g h level due to mal ignan t 
cancer m i g h t wel l f ind this b o o k of interes t 
from a technical point o f v iew. Unfor tu
nately, it is apparent ly too early to proper ly 
assess the long term effects of surgical ly 
replacing a cancerous skeletal e l ement wi th 
a m a n - m a d e analog. W h i l e m a n y papers of 
a technical nature are presented , there are 
very few that a t tempt to measu re the pa
t ient ' s long term qual i ty of l ife. 

Sourcebook of Medical Communication, 
R o b e r t C. Reede r , C.V. M o s b y C o . , 11830 
Wes t l ine Industrial Dr . , S t . Lou i s , Mis sou r i 
6 3 1 4 1 . 308 pages , index , and b ib l iography . 

Increas ingly , heal th care profess ionals 
are b e i n g called upon to express t h e m 
selves th rough a variety of med ia . P ros the -
t is ts /or thot is ts in par t icular have exper i 
enced a radical change in role in the past 
thir ty years . O n c e , their t ime w a s spent 
pr imar i ly fabr ica t ing dev ices . Today they 
are qu i t e l ikely to spend the major i ty of 
the i r t ime c o m m u n i c a t i n g wi th others bo th 
as indiv iduals and in g roups . In order to 
express ourse lves effectively, it i s n e c e s 
sary to unders tand h o w to use the m e d i a 
and resources avai lable . Such is the pur
pose of th is book . 

Dr. Reede r , w i th the ass is tance of a large 
slate of cont r ibu tors , has explored a diverse 
group of topics . Inc luded are: h o w to wr i te 
in a var ie ty of formats , pho tography and 
sl ide presen ta t ions , office ske tch ing , p u b 
lic speak ing , and m a n a g e m e n t of a sc ien
tific seminar . Th is latter sec t ion is par t icu
larly in te res t ing as it inc ludes sugges t ions 
for schedules and t ime tab les , r o o m ar
r angemen t s , and deal ing wi th the hote l 
staff. 

Th is b o o k is r e c o m m e n d e d as a pract ical 
p r imer . A n u m b e r of p rov i s ions should b e 
kept in m i n d , howee r . No b o o k o f this 
length can hope to treat such a large sub jec t 
as this in depth , and in p laces the b o o k is 
ske tchy and in others is mi ld ly repe t i t ious . 
Dr . Reede r is a plast ic surgeon and m u c h of 
the mater ial is specif ical ly conce rned wi th 
the part icular needs of this b r anch o f m e d i 
c ine . T h i s latter po in t , however , is hardly a 
se r ious ob jec t ion and does no t detract f rom 
the general uti l i ty of the book . 
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Orthotics 
and 
Prosthetics 

Journal of the American Orthotic and Prosthetic Association 
717 Pendleton Street 

Alexandria, Virginia 22314 
(703) 836-7116 

Orthotics and Prosthetics, the only publication of its kind in the U.S. , is a 
quarterly scientific journal providing information relative to the fields of 
orthotics and prosthetics. Because of its unique place in the literature, and 
its recognition worldwide, Orthotics and Prosthetics draws articles on 
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Classified Ads 
In order to proper ly calculate the n u m b e r o f words in (and the cost of) a c lass i f ied adver t i se
m e n t accord ing to the m e t h o d used b y AOPA, the adver t i ser should do the fo l lowing. A d d 
up every character in the ad, inc lud ing c o m m a s , h y p h e n s , e tc . D i v i d e the s u m b y five (we 
cons ide r a word to cons i s t o f 5 characters) to f ind the total n u m b e r o f words . T h e n f igure the 
cos t b a s e d on these rates: M E M B E R S — f i r s t 30 w o r d s $ 3 2 . 0 0 . Each addi i tonal word $ 1 . 5 0 . 
N O N - M E M B E R S — f i r s t 30 words $ 7 8 . 0 0 . Each addi t ional w o r d $4 .00 . R e s p o n s e s to A O P A 
B o x n u m b e r s are forwarded u n o p e n e d free of charge . Adve r t i s emen t s are to b e pa id in 
advance . C h e c k s should b e m a d e payab le to A O P A . S e n d to A O P A , 717 Pend le ton St ree t , 
Alexandr ia , VA 22314 . N o classif ied ads wil l b e taken b y p h o n e . 

Prosthet ic Techn ic ian—Immed ia t e o p e n 
ing for person expe r i enced in pros the t ic 
fabr ica t ion in a N e w York firm. Sa lary 
b a s e d on exper i ence and abil i ty. At t ract ive 
benef i t s package . P lease contact : Dorsch 
Pros the t ics & Or tho t i c s , Inc . , 109 E . 29 th 
St ree t , N e w York, N Y 10016 . (212) 684 -
7 2 6 3 . 

Exper ienced C P O for m o d e r n facil i ty to 
m a n a g e or pa r tnersh ip . Immedia t e o p e n 
ing . Rep ly to A O P A Box 3 8 4 0 1 , 717 Pen
dle ton St ree t , Alexandr ia , VA 22314 . 

Orthot ist /Prosthet is t 

Excel lent oppor tun i ty for a C P O , C O or 
boa rd e l ig ib le in our 4 3 0 - b e d cert i f ied 
facil i ty w i th a comple te rehab i l i t a t ion 
t eam. Compe t i t i ve w a g e and benef i t pack
age . 

Bangor is located in an ou t s t and ing 4 -
season recreat ion area, w i t h i n I V i hour s of 
excel lent sa i l ing, hun t ing , f i sh ing , h i k i n g , 
c a m p i n g and sk i ing areas . T h e m a i n c a m 
pus of the Unive r s i ty of M a i n e is 8 mi l e s 
away in O r o n o . 

Qual i f i ed appl icants m a y forward re
s u m e s to, or contact : 

D e b b y Ouel le te 
E m p l o y m e n t Represen ta t ive 

Eastern M a i n e Med ica l Cen te r 
489 Sta te Street 

Bangor , M E 04401 
(207) 9 4 7 - 3 7 1 1 , ext . 2868 

E O E 

77 



Assembly 
Miami Beach, Florida 

Challenge 
1984 



TO: P E R S O N S W O R K I N G IN REHABILITATION 

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

The Amer ican Orthot ic and Prosthet ic Associat ion is an organizat ion w h o s e 800-
plus m e m b e r s h i p consists of firms involved in the design, manufacture , and fitting 
of orthoses a n d prostheses . The pr imary objective of AOPA is to promote high levels 
of orthotic /prosthet ic patient care services to the orthopedically handicapped . To aid 
in achieving this goal, each year the Associat ion provides a forum, v ia its annual 
National Assembly , for orthotics and prosthetics professionals to share information 
on the m a n y n e w ideas and /or concepts of or relating to orthotics/prosthetics . Nearly 
everyone working in orthotics a n d prosthetics in the United States attends the A s 
sembly, along with m a n y professionals from abroad. The 1984 Assembly will be held 
at the Fontainebleau Hotel , Miami Beach, Florida on October 15-21, 1984. 

AOPA invites all interested persons to submit an abstract(s) for presentat ion dur
ing the Assembly's Scientific Program. The subject(s) for the abstract(s) should be 
n e w ideas, techniques , devices, and /or research that have a practical application in 
orthotics a n d prosthet ics or a related field. Interested persons are invited to submit 
more than one abstract . Most presenters will be given 15 minutes for their pre
sentation. 

If you are interested in partic ipating in the 1984 Assembly, please fill out the 
enclosd abstract form and return it to the AOPA National Headquarters no later than 
April 3 0 , 1 9 8 4 . 

Don't Hesitate! Do It N o w A n d Be A Part Of O n e Of The Major International 
Rehabilitation Educat ion Meet ings Of The Year! 

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

MAIL ABSTRACT UNFOLDED TO: AOPA National Headquarters 
717 Pendleton Street 
Alexandria, VA 22314 
U.S.A. 
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A technological breakthrough: 

OTTO BOCK «ORTHOGLAS» Technique 

The transparent test socket is gaining recognition as a highly 
valuable diagnostic tool for achieving an optimum fit in the defini
tive prosthesis. 

OTTO BOCK proudly introduces the «ORTHOGLAS» Cone, an 
advantageous material and shape for vacuum forming test 
sockets. It can be formed over a wet or dry cast, heated and 
reshaped for minor modifications, and it provides an even wall 
thickness. The «ORTHOGLAS» socket also offers excellent clarity. 

A definitive prosthesis can be made with an «ORTHOGLAS» 
socket, if it is properly reinforced with an exterior lamination of 
ORTHOCRYL Resin. 

Call or write for our Technical Information 1 1 . 1 . 5 which details 
the fabrication process. 

O R T H O P E D I C INDUSTRY INC. 
UNITED S T A T E S OF AMERICA 

4130 Highway 55 
MINNEAPOLIS/Minnesota 55422 
Telephone (612) 521-3634 
Telex 2 90 999 

©OTTO BOCK 06 1982 
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Y o u ' r e l o o k i n g a t a l l t h e c e r v i c a l o r t h o s e s y o u ' l l n e e d 
t o c o r r e c t l y fit a l l o f y o u r p a t i e n t s . 

One size fits all. 
The S.O.M.I.® Jr.,™ in addition 

to being completely adjustable, 
is a lightweight cervical orthosis 
designed to immobilize the cervical 
spine by controlling rotation, flexion 
and extension. 

It is especially effective when 
used as part o f a total rehabilitation 
program after removal of the more 
rigid regular S.O.M.I.® Orthosis. 

A variety of Velcro closure 
adjustment points control orthosis 
circumference and height while 
modifications to orthosis shape may 
be easily made with the application 
of heat. 

A lightweight plastazote lining 
makes the S.O.M.I.® Jr.™ extremely 
comfortable and cosmetic in 
appearance. It is completely wash
able and may be applied right off 
the shelf in any clinical setting. 

1 • 
United States 
180 N. San Gabriel Blvd., P.O. Box 5030, Pasadena, California 91107 U.S.A. 
(818) 796-0477, Cable: LIMBRACE. TWX No : 910-588-1973. Telex: 466-302 

P r o d u c t Number : A l 7 - 8 0 0 - 0 0 0 0 

Patent Pending 
©1984, United States Manufacturing Company 



Now your VELFOAM Padding can be 
as close as the need. 
VELFOAM "breathable" foam padding in 
convenient dispenser pack. 
Hypo-allergenic, odor-free foam padding, backed with 
loop fabric; ideal for splint liners, IV boards, brace 
padding, antidecubitis care and wherever breathable 
and stretchable padding is desirable for patient comfort. 
Attaches with VELCRO hook tape or VELCOIN® self-
stick fasteners. Removes easily for laundering or 
examination, reattaches quickly. VELFOAM packaged 
hospital clean in six-inch widths; shelf-size pack has 
convenient dispenser slot, controls waste. 
Contact your supplier today 
IMPORTANT TO REMEMBER: All hook and loop 
fasteners and fabric look much alike. But they don't 
function that way. For dependability's sake, demand 
the best - VELCRO brand. You can't afford less. 

Soft, comfortable 
VELFOAM lines neck 
brace, and is used as 
a secure closure with 
VELCRO hook material. 



Orthotics and Prosthetics, the Journal of AOPA 
Announces: 

Discount Bulk Gift Subscription Rates 
for all AOPA-Member Firms 

• Savings of up to 50% off regular subscription price 

• Use your extra copies to disseminate information to colleagues, physicians, and members 
of your rehabilitation team 

• Option to have AOPA mail the extra gift copies to the recipient directly 

Discounts apply to orders of more than 5 ONLY 

Two ways to save —$12.00 each per annual subscription, plus shipping, to send all copies 
to your firm. 

$18.00 each per annual subscription. AOPA will mail directly to the 
recipient(s) you designate. 

Name AOPA Member Firm 

Address 
Zip Phone 

• Please start my subscription for (must be more than 5 for discount) gift copies. 

• A. Send the order to my address. Enclosed is my check, for $12.00 per subscription, 
made payable to AOPA. I understand I will be billed for shipping. 

OR 
• B. Send the order to the name(s) and address(es) I've listed (attached). Enclosed is my 

check, for $18.00 per subscription, made payable to AOPA. Please enclose a card 
announcing my gift to the recipient. 

Make all checks payable to AOPA. 

Send to: Orthotics and Prosthetics Bulk Subscriptions 
AOPA National Headquarters 
717 Pendleton Street 
Alexandria, VA 22314 
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Pi * 1 0 Length PTB Socks 
• Super Wool • Old Style Wool 
• Orion ®/Lycra® • Cotton 
10,12,14 and 16" Lengths 
Size 0: 6x3; 6x31/2; 6x4 and 6x5 Top/Toe Widths 
Size 1: 7x31/2; 7x4; 7x41/fe and 7x5 Top/Toe Widths 
Size 2: 8x4; 8x41/2 and 8x5 Top/Toe Widths 

* N e w Style 
Prosthetic Sheaths 

• Sizes of Sheaths correspond to 
sizes of Prosthetic Socks 

• New Narrow Width provides better 
fit on smaller stumps, Prosthetic 
Sock sizes #B, #0 and #1 

• Wide width for AK size made 
wider than the Old Style 

• Fabric has better "hand" and 
stretch qualities 

• Eight sizes cover the majority 
of needs. 

Call or Write For The Detailed Brochure 

TOLL FREE: 1-800-821-3094 

KNIT-RITE, INC. 
2020 G R A N D AVENUE — P.O. BOX 208 
K A N S A S CITY, MISSOURI 64141 

IN MISSOURI CALL: (816) 221-5200 



American Orthotic and Prosthetic Association 
717 Pendleton Street 

Alexandria, VA 22314 


