
JUNE 1978 

Orthotics 
and 

Prosthetics 



NEW FROM SMALLEY & BATES 

VELCRO brand Fastener Tape 
with self-stick adhesive backing 
Now in 10-yard dispenser pack. 

HP* 

Sticky Back" VELCRO 
tape fasteners hold where 
sewing is impracticable. 

THE FACTS: Ideal fastener for 
hard-surface materials • Pressure 
sensitive adhesive backing simple 
to use: peel off protective cover, 
press selected length of tape 
into place • Tape fasteners open 
and close thousands of times, 
adhesive backing holds like glue • 
Separate box for Hook and Loop 
tapes • Easy to handle, easy 
to dispense; no waste • 
Self-standing, shelf-size box 
has handy measuring device 
• Keeps your VELCRO Sticky 
Back" tape hospital clean. 

CONTACT YOUR SUPPLIER TODAY. 

i 

Important to Remember: All hook and loop fasteners look much alike. But they don't 
function that way. For dependability's sake, demand the best—VELCRO BRAND 
FASTENERS. You can't afford less. 



EDITOR 
A. Bennett Wilson, J r . 

MANAGING EDITOR 
Brian A. Mastro 

EDITORIAL BOARD 
Alvin L. Muilenburg, C.P.O. 

Chairman 

T h o m a s Bart, C O . 

Arthur Guilford, Jr . , C O . 

Michael Pecorella, C.P.O. 

Michael Quigley, C.P.O. 

Kurt Marschall , C P . 

William L. McCulloch 
Ex Officio 

O r t h o t i c s a n d P r o s t h e t i c s is is­

s u e d in M a r c h , J u n e , S e p ­
tember and D e c e m b e r . S u b ­
scription price, payable in ad­
vance, is $10.00 a year in the 
U S and C a n a d a . Rate else­
where is $11.00 a year Single 
i ssues , $3.00 each. Publication 
does not constitute official en­
d o r s e m e n t of o p i n i o n s pre ­
sented in articles. The Journal 
is the official organ of the pub­
lisher, The American Orthotic 
and Prosthetic Assoc iat ion in 
collaboration with the Ameri­
can Academy of Orthotists and 
Prosthetists, and serves as the 
U . S . organ for Interbor All 
correspondence should be ad­
dressed to: Editor: O r t h o t i c s 
a n d P r o s t h e t i c s , 1444 N S t . , 

N . W . . W a s h i n g t o n , D . C . 
20005 Telephone, Area C o d e 
202, 234-8400. 

O r t h o t i c s a n d P r o s t h e t i c s is 

i n d e x e d by C u r r e n t C o n ­
tents/Clinical Practice. 

Orthotics 
and 

Prosthetics 
V o l u m e 3 2 , N o . 2 J u n e 1978 

C O N T E N T S 

E D I T O R I A L 

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

J.A.E. Gleave, FIBST, FISPO, AMBIM 

P R O C E D U R E S F O R O B T A I N I N G C A S T S F O R 
A N K L E - F O O T O R T H O S E S 

].H. Tyo, R.D. Koch 

T H E F U N C T I O N A L R A T C H E T O R T H O T I C S Y S T E M 
David J. Hoy, Arthur W. Guilford 

T H E O R T H O T I C M A N A G E M E N T O F L U M B A R L O R D O S I S 
A N D T H E R E L A T I O N S H I P T O T H E T R E A T M E N T O F 
T H O R A C O - L U M B A R S C O L I O S I S A N D J U V E N I L E K Y P H O S I S 

Edward P. Van Hanswyk, William Bannell 

R E I N F O R C E D L O W E R - L I M B O R T H O S I S - D E S I G N P R I N C I P L E S 
DarrellB. Clark, Thomas R. Lunsford 

N E W P U B L I C A T I O N S 

C L A S S I F I E D A D S 

M E T R I C A T I O N 

1 

3 

12 

21 

27 

35 

46 

49 

52 

INTERBOR 
* * * 

(US ISSN 0030-5928) 

S e c o n d C l a s s P o s t a g e P a i d 

a t W a s h i n g t o n , D C 

C O P Y R I G H T 1 9 7 8 B Y T H E A M E R I C A N O R T H O T I C A N D P R O S T H E T I C 

A S S O C I A T I O N , P R I N T E D I N T H E U N I T E D S T A T E S O F A M E R I C A , 

A L L R I G H T S R E S E R V E D 



Index to Advertisers 

ACE ORTHOPEDIC COMPANY V 

AOPA NATIONAL ASSEMBLY VII 

BECKER ORTHOPEDIC APPLIANCE CO. V 

Fl WAY MANUFACTURING CO. VI 

FLORIDA BRACE CORPORATION IV 

FOURTH ANNUAL ROUNDUP CASSETTES XVII, XVIII 

FREEMAN MANUFACTURING CO. VIII 

IRVING DREW SHOE CO. XXI 

JERRY MILLER I.D. SHOE X 

JOHNSON AND JOHNSON XII, XIII 

KINGSLEY MANUFACTURING CO. XI 

KNIT RITE, INC. C-3 

0 & P NEWSLETTER XXI 

OTTO BOCK ORTHOPEDIC INDUSTRY, INC. IX 

PEL SUPPLY CO. XXII 

RED CROSS XIV 

SMALLEY AND BATES C-2 

SUTTON SHOE MACHINERY CO. XV 

TRUFORM ORTHOTICS AND PROSTHETICS XX 

U.S. MANUFACTURING CO. XVI 

WASHINGTON PROSTHETICS SUPPLY, CO. XIX 

Advertisers shown in bold-face type are members of 
The American Orthotic & Prosthetic Association 

II 



THE AMERICAN ORTHOTIC A N D PROSTHETIC ASSOCIATION 
OFFICERS 

President — Daniel G. Rowe. C.P.O. 
St. Paul. Minnesota 

President-Elect-Wil l iam M . Brady. C P 
Kansas City, Missouri 

Vice President —Wil l iam H a m i l t o n . C P . 
Scottsdale, Arizona 

Secretary-Treasurer —Herman C. Hi t tenberger , 
C.P.O., San Francisco, California 

Immediate-Past President —Ben B. Moss . 
Winter Park, Florida 

REGIONAL DIRECTORS 

Region I —Mar ion E. Mi l ler . C O . 
Boston, Massachusetts 

Region II —Kenneth G. Robinson, C P . 
Whitestone, New York 

Region III —Ivan R. Sabel, C.P.O 
3ethesda, Maryland 

Region I V - C h a r l e s E. Whi te 
Atlanta, Georgia 

Region V — Charles L. Dale, C O . 
Lima, Ohio 

Region VI —Joseph S m e r k o , C P . 
Chicago, Illinois 

Region VI I—Thomas R. Bart , C O . 
Omaha, Nebraska 

Region V I I I - D e n n i s Cole, C P 
Austin, Texas 

Region IX —Joseph E. L y d o n , C 0 . 
San Francisco, California 

Region X — Walter M . J o s l i n , C.P.O. 
Albuquerque, New Mexico 

Region XI —Joseph H. Ze t t l , C P . 
Mount Lake Terrace, Washington 

THE AMERICAN ACADEMY OF ORTHOTISTS A N D PROSTHETISTS 
OFFICERS 

President — Siegfr ied W. Paul, C.P.O. 
Newington, Connecticut 

President-Elect —Michael J . Quigiey, C.P.O. 
Downey, California 

Vice President — Edward Van H a n s w y k , C O 
Syracuse, New York 

Secretary-Treasurer —Robert F. Hayes. C P . 
West Springfield, Massachusetts 

Immediate-Past President—Ted Thranhardt , C.P.O. 
Orlando, Florida 

DIRECTORS 

Eugene Fil ippis. C.P.O. 
Detroit, Michigan 

J . Donald Coggins , C O . 
Philadelphia, Pennsylvania 

Richard La Torre . C O . 
Schnectady, New York 

H. R. Lehneis. C.P.O. 
New York, New York 

EXECUTIVE DIRECTOR 

Wil l iam L. M c C u l l o c h 

L 

III 



it 

J»Ol TWO-POST ORTHOSIS for stabilizing 
JFE A 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 • t • m m 
your most profitable way to JeTJMMTIC&cLI 
fill prescriptions. Florida Brace • "' "' 
Corporation, P.O. Box 1299, 
Winter Park, Florida 32789. 

Corporation 



PREFABRICATED MILWAUKEE GIRDLES 
• Designed with even 3 /16 thickness consistency throughout. 
• Made in either medium or low density polyethelene. 
• Extra high form for high curve correction. 
• Available in seven standard sizes. 
• Available in complete assembly from measurements or 

negative cast. 

(Measurement & technique instructions available.) 

ace orthopedic c o m p a n y 
11913 So. Prairie Ave., Hawthorne, Calif. 90250 • Phone (213) 644-9336, 644-5597 

For The Complete Line 
Of Orthopedic Appliances 
And Brace Components 
ate 
BECKER 

ORTHOPEDIC APPLIANCE COMPANY 

OUR 4 4 t h YEAR 

Send for Complete Catalog 

1776 South Woodward Avenue, Birmingham, Michigan 48011 



The Proven and Accepted Modular System 
for Custom Fabricating Effective Spinal Orthoses 

Thoracolumbar 
A.P.L Control 

Lumbosacral 
A.P.L. Control 

Thoracolumbar 
A.P. Control 

Lumbosacral 
A.P. Control 

INTRODUCES 
ANOTHER 

1st 

Thoracolumbar A.P.L. 
with Rotary Control 

LUMBOSACRAL P-L CONTROL 
(FLEXION) 

You cus tom fabr icate with the same speed 
as the other FIWAY Spinal Orthoses. 

A. Zipper elastic front with side lacing adjustments. 
B. Stop to prevent thoracic band from moving 

downward 
C Pivot point is lower, closer to ine level of L-5 and 

S-1 
D. Double roller loops for easier pulling of pelvic 

straps. 

For more information call 
A. (Tony) Velazquez, C O . 
(813) 255-0761 or write 
FIWAY MANUFACTURING CO. 
516 So. Howard Ave., Tampa, Fla. 33606 

Separate kit required for 
fabricating this orthosis. 

SOLD TO MEMBERS OF THIS PROFESSION ONLY. 

VI 



a m e r i c a n 
orthot ic &L 
prosthet ic 
assoc ia t ion 

1978 National Assembly 
October 31 Thru November 4, 1978 

Town and Country Hotel 
San Diego, California 

For Program Details and Registration Information 
write to 

The American Or thot ic and Prosthetic Association 

1444 N Street, N.W. 

Washington, D.C. 20005 

The Assembly is open to all w h o are interested in the rehabil i tat ion of the orthopedical ly disabled. 

VII 



cpreem^n dealeiS 
don't need ^ 
w ^ h o u ^ e . . . 

they haw oui§ at thdrjingertip 
SAVE T I M E AND MONEY 

Don't tie up needed space and capital 
in excess inventory when you can have 
fast delivery from one of our warehouses. 
Now! you can use the Freeman 

HOT LINE 
[800-253-2091] 

to get that order processed fast. All stock 
orders are processed and shipped within 
24 hours. Three warehouses strategically 
located across the United States means 
fast delivery and lower freight costs too. 
To h a v e your o r d e r when you need 
it, depend on Freeman for super service. f -

Aeomaa 
FREEMAN WAREHOUSES: 

A FREEMAN MFG. CO. 
Sturgls, Michigan 49091, P.O. Box J , phone 616-651-2371 / \ B o x j S t • Mich. 49091 
Anniston, Alabama 36201, P.O. Box 1791, phone 205-237-0611 
West Covina, California 91790, 1148 E . Garvey, phone 213-388-1618 

VIII 



The result of ten years research and development 

ORTHOPEDIC INDUSTRY INC. 
UNITED STATES OF AMERICA 

610 Indiana Avenue North 
MinneaDohs Minnesota 5 5 4 2 2 

From the moment we first conceived the idea of an 
endoskeletal system until the present, more than 40.000 
man hours of development work have been consumed. 
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T H E M A R K O F E X C E L L E N C E 

A few y e a r s a g o , certif ication in orthot ics a n d prosthet ics w a s cal led the " M a r k of 
Meri t" . Cert i f icat ion t o d a y is still a "mark of merit", but the "mark of excellence" is 
w h a t goes b e y o n d . Excel, a c c o r d i n g to the d ic t ionary m e a n s "be better than; d o 
better than". T h e c o m m i t m e n t neces sary to excel in orthot ics a n d prosthet ics t o d a y 
is total . T h a t c o m m i t m e n t c o v e r s m a n y a r e a s such a s pat ient m a n a g e m e n t , new 
technology , cont inuing educat ion , a n d bus iness admin i s t ra t ion , to ment ion a few. 

T o b e a d m i r e d for one's pro fes s iona l ef forts , a p e r s o n m u s t excel. A p e r s o n w h o is 
a d m i r e d b y the medical c o m m u n i t y he serves did not get that a d m i r a t i o n b y be ing 
s ta tus q u o . H e earned it b y excellence a n d b y p a y i n g the price . T h e price c o m e s 
high, a n d is not m o n e t a r y only , but cons i s t s of self sacrif ice , discipl ine, a n d lots of 
h a r d w o r k . E v e r y o n e h a s the right to excel, but every right h a s a n equal respons i ­
bil i ty that cannot b e forgot ten or put in a s e c o n d rate pos i t ion . 

Cert i f icat ion, then, is the beginning of the achievement of the " m a r k of excel­
lence". W e h a v e t o d a y two too ls to help u s ach ieve excellence. Both are p l edged to 
the bet terment of our pro fe s s ion . Bo th h a v e dist inct funct ions a n d a r e a s in which 
they shou ld b e used . H o w w e use these too ls is u p to u s for they are o u r s . I a m , of 
course , referring to A O P A a n d A A O P . M e m b e r s h i p in either one or b o t h o r g a n i z a ­
tions does not b e s t o w on one the "mark of excellence", but can b e of inva luab le 
he lp . W e h a v e to use the too ls to the best a d v a n t a g e p o s s i b l e . W e m u s t par t i c ipa te in 
order to use these tools to their fullest extent. 

T h i s "mark of excellence" has n o formal d i p l o m a or certificate or other f o r m of 
recognit ion that can b e d i s p l a y e d on the office wal l . W e all k n o w that it is real a n d 
that it can be w o r t h our efforts . T o achieve it will take all w e can g ive a n d then 
s o m e . It s o u n d s s i m p l e : "be better than; d o better than". Eas ier sa id than d o n e ? Yes . 
W o r t h the effort? T h a t is u p to us ! 

D a n R o w e , C . P . O . 
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A PROSTHETIC AND ORTHOTIC 
MEASURING TABLE 

J.A.E. Gleave, FIBST, 
FISPO, AMBIM 1 

In recent y e a r s a n u m b e r of devices a n d 
p r o c e d u r e s h a v e been in troduced which 
facil i tate the taking of m e a s u r e m e n t s or 
plaster m o u l d s of v a r i o u s types of de formi­
ty. Indeed it is seen that several differing 
types of a p p a r a t u s h a v e been deve loped to 
take an impress ion of only one type of defor­
mity . 

T h e fact that m a n y of these des igns or p r o ­
cedures leave someth ing to be des ired in 
terms of a c c u r a c y or appl i ca t ion is p e r h a p s a 
reflection of an i n a d e q u a t e apprec ia t ion of 
the e r g o n o m i c s involved , a n d a seeming 
p r e o c c u p a t i o n with the de formity presented, 
rather than the pat ient a s an entity. 

N o crit icism is impl ied, but while it is 
agreed that m e a s u r i n g equ ipment currently 
a v a i l a b l e can p r o d u c e r e a s o n a b l y accura te 
d imens ions , the end produc t often falls short 
of an ideal; and it is sugges ted that the b a s i c 
p r o b l e m which ar ises is not so m u c h the na­
ture of the des ign or p r o c e d u r e being used , 
but to three interrelated fac tors . 

1. T h e a l ignment of the b o d y at the t ime 
the p r o c e d u r e is be ing carr ied out . 

2. T h e re lat ionship of the b o d y to the 
device being used . 

3. T h e contract i le s tate of the m u s c u l a t u r e 
of the b o d y part dur ing the g iven p r o ­
cedure . 

T h e prov i s ion of an a p p l i a n c e is an aspect of 
treatment , the object ive of which is m a x ­
i m u m restorat ion of function, and this is, in 
part , re lat ive to the a l ignment of the h u m a n 
a n d mechanica l c o m p o n e n t s . At present this 
is ach ieved b y the rather uneconomica l p r o ­
cedures of static a n d d y n a m i c a l ignment . It 
is sugges ted that these could be simplif ied 
great ly if it were poss ib l e to determine rel­
at ive b o d y a l ignment at the outset . Equal ly 
the re lat ionship of the m e a s u r i n g device to 
the b o d y is significant in that unless the 
a l ignment of the two coincides a n y m e a s u r e ­
ment or p las ter m o u l d being taken will not 
be a c c u r a t e . 

T h e part of the a p p l i a n c e in contact with 
the b o d y must be s h a p e d s o a s to wi ths tand 
the forces which will be exerted at the inter­
face wi thout caus ing d i scomfor t or imped ing 
circulat ion; thus the d i spos i t ion of soft 
t i ssure at the t ime of m e a s u r e m e n t or p laster 
m o u l d is a l s o significant, since it m u s t affect 
the a m o u n t of modi f i ca t ions to be d o n e to 
the p las ter cas t . 

M u s c l e act iv i ty will be d i scussed in a later 
w o r k . Suff ice it to s a y here that a n y change 
in cross-sect ional a r e a can be used to exert 
force , but, if this potent ia l force is to be con­
trolled it is essential that the m u s c l e g r o u p s 
be re laxed at the t ime the plaster m o u l d or 



m e a s u r e m e n t is be ing taken. 
It will be a p p a r e n t that unless the pat ient 

is c o m f o r t a b l e a n d secure , it will be imposs i ­
ble to ach ieve re laxat ion a n d thereby d i spos i ­
tion of soft t i ssue. Under these c i rcumstances 
it m a y be p r o p o s e d that there a r e g iven cri­
teria which m u s t be met in order to achieve 
a n a c c u r a t e representat ion of the part : 

a) T h e r e is control over the pos i t ion of the 
b o d y a n d its re lat ionship to the device 
being used to take the measurement . 

b) It shou ld be poss ib le to determine the 
stat ic a l ignment of the app l iance during 
the p r o c e d u r e . 

c) T h a t any act ive muscu la ture should be 
re laxed while the procedure is being 
under taken . 

d) T h e r e is control over the d ispos i t ion of 
soft t i ssue. 

e) T h e p r o c e d u r e for measur ing a n y 
de formity shou ld not be fat iguing for 
either the patient or the person taking 
the cast . 

T h e i m m e d i a t e impl icat ion in meeting a n y of 
these criteria is stabi l i ty , and in this s tate it 
shou ld be poss ib le to control the pos i t ion of 

the b o d y in its re lat ionship to the device be­
ing used a n d that of the person taking the 
cast . S ince these p r o b l e m s are present with 
all levels of deformity it seemed a p p r o p r i a t e 
to des ign a bas ic device which w o u l d meet 
the criteria ment ioned, with the poss ibi l i ty 
of a t taching either newly des igned m e a s u r ­
ing or m o u l d i n g equipment , or modi f i ca­
tions of exist ing ones . 

T h e m a i n p r o b l e m is one of control of 
b o d y pos i t ion a n d its center of grav i ty ; it is 
a p p a r e n t that with the d i sab led person this 
cannot be ach ieved with the pat ient sitt ing or 
s tand ing u n s u p p o r t e d , a n d o b v i o u s l y the 
pos i t ion of greatest s tabi l i ty a n d re laxat ion 
of musc le is with the pat ient lying horizontal 
on a bench or table . 

H o w e v e r , if it is necessary to cater to a 
var i e ty of deformit ies a n d determine stat ic 
a l ignment , a hor izonta l pos i t ion p r o v i d e d by 
a table, a l t h o u g h meet ing s o m e of the cri­
teria, d o e s not meet all; unless it were poss i ­
ble to control the angle of the table top . 

It is this concept which led to the deve lop­
ment of the equ ipment descr ibed here, which 
is b a s e d u p o n the a s s u m p t i o n that with a d e -

Fig. 1. T h e b a s i c table s h o w n in the h o r i z o n t a l p o s i t i o n . 



q u a t e s tabi l iza t ion of the b o d y on the surface 
of the table, it should be poss ib le to tilt it a n d 
the pat ient through a r ange of 90 deg . , thus 
meet ing the criteria for a var ie ty of defor­
mit ies . 

T h e Bas i c T a b l e 

T h e des ign (Figs . 1 & 2) is s imilar to that of 
a tilting table used for t reatment in phys ­
io therapy depar tments ; indeed, s o m e of the 
exist ing m o d e l s cou ld be al tered for use in 
the present context except that in order to 
ach ieve sufficient r igidity it is necessa ry to fit 
locking levers to the table hinges a n d to rede­
s ign the table top . 

T h e design cons is t s of two f rames . T h e 
lower , or ba se , f rame is des igned s o that the 
table will not over turn when the upper f rame 
is b rough t from o n e pos i t ion to another . T h e 
upr ights have a c ros s -ba r that contr ibutes to 
the rigidity a n d p rov ide s a s u p p o r t for an ad ­
di t ional locking m e c h a n i s m . A gea red mech­
an i sm for rais ing a n d lowering the table top 
w a s cons idered , but not included in the pre­
sent des ign for r ea sons of e c o n o m y . M o r e ­
over , the lever a rm formed by the length of 
the table from its head to the hinges is long 
enough to enable the upper f rame to be 
ra i sed or lowered with c o m p a r a t i v e ease . 

T h e upper f rame has a c ros s -ba r to which 
is fitted a round longi tudinal slide that 
receives the lower- l imb a d a p t o r (Fig. 3 ) . 

Fitted to the f rame are two a r m rests, on 
which the pat ient m a y suppor t himself, and 
a footrest . The table top consis ts of four 
b o a r d s any of which m a y be r e m o v e d for 
convenient work ing dur ing a g iven p ro­
cedure . 

T h e design of the table lends itself to a 
va r i e ty of a t t achments which a re descr ibed 
here briefly, a l though it will be seen that 
there is s c o p e for further design act ivi ty and 
that with minor modi f ica t ion s o m e exist ing 
equ ipment cou ld be used . 

T h e Symes /knee -d i s a r t i cu l a t i on at tach­
ment (Figs . 4 , 5 , a n d 6) cons i s t s of a b o a r d 
18cm x 16cm the upper sur face of which is 
p a d d e d with microcel lu lar rubber and cov-

Fig. 2 . The basic table s h o w n in the ver t ica l posi ­
t i o n . 

Fig. 3. The lower ex t remi ty adaptor , a piece of 
square bar welded to a slide w h i c h a l lows move ­
ment up or d o w n the f rame as wel l as r o t a t i n g left 
or r igh t . 



Fig. 4. The Symes knee d isar t icu la t ion b o a r d 
c lamped to the adaptor and set for a r ight Symes 
a m p u t a t i o n . 

Fig. 5 . Patient in pos i t ion ready for the appl ica­
t ion of plaster: note the r ight b o a r d has been 
removed to faci l i tate w o r k i n g . 

Fig. 6. Knee d isar t icu la t ion patient pos i t ioned 
ready for the m o u l d i n g procedure . 

Fig. 7. H i p d isar t i cu la t ion board in p o s i t i o n . 
Th is is at tached to the f rame w i t h the same exten­
sion a r m as that used for the Symes/knee disar­
t i c u l a t i o n b o a r d . 



Fig. 8. T h e a b o v e k n e e a t t a c h m e n t wi th the c o m b i n a t i o n or h o r i z o n t a l ver t i ­
ca l a n d A . P . s l ides it is p o s s i b l e to a d j u s t the p o s i t i o n of the s o c k e t - b r i m a s 
well a s contro l f lex ion e x t e n s i o n . 

Fig . 9. Pat ient in p o s i t i o n , p las ter m o u l d be ing 
t a k e n . 

ered with vinyl sheet. It is fixed to an exten­
sion a r m 16cm long which in turn c l a m p s on 
to the lower- l imb a d a p t o r . The point of fixa­
tion of the b o a r d to the a r m is by a p ivo t and 
m a y be locked by a wing nut. T h e r eason for 
this is that since the lower- l imb a d a p t o r 
ro ta tes a b o u t the longi tudinal sl ide the b o a r d 
m a y be used for either left or right a m p u t a ­
t ions. 

The hip-disar t icula t ion a t tachment (Fig. 
7) , is a l s o a b o a r d with s imilar p a d d i n g but 
different shape . B y r emov ing the S y m e s / 
knee-disar t icula t ion b o a r d from the exten­
sion a r m it is poss ib le to use this to suppor t 
the hip d isar t icula t ion b o a r d . H o w e v e r , be­
cause of the shape and pos i t ion ing of the 
b o a r d for either left or right it is not poss ib le 
to have one central p ivo t , and two are used, 
one for left, one for right a m p u t a t i o n s . 

T h e above -knee a m p u t a t i o n a t tachment 
cons is t s of a hor izonta l sl ide which c l a m p s to 
the lower- l imb a d a p t o r a n d the s ide of the 
frame (Figs . 8 a n d 9 ) . T h e mou ld ing device , 
in this ins tance a Berkeley Br im, is fitted to a 
locking s l ide a n d m a y be m o v e d media l ly or 
laterally; the height m a y be ad jus ted b y 
m o v i n g the a s s e m b l y up or d o w n the f rame. 
The hor izonta l sl ide m a y be used for left or 



Fig. 10 . T h e right a n g l e d po inter u s e d to locate 
the p e r i n e u m . N o t e that the trac ing p a p e r e x t e n d s 
to the foot b o a r d m a k i n g it p o s s i b l e to d e t e r m i n e 
l imb prof i l e tibial t or s ion , a n k l e p o s i t i o n , a n d 
a n g l e of the foot a t the o n e t ime. 

Fig. 12 . Pat ient in p o s i t i o n on the table , no te the 
centre line of the table e s t a b l i s h i n g a po int of 
reference for the future a l i gnment of the b r a c e . 

Fig . 1 1 . T h e d i v i d e r s u s e d to o b t a i n M . L . d i m e n ­
s i o n s , t ibial t or s ion , a n d a n k l e jo int p o s i t i o n . 

F ig . 13 . T h e b e l o w e l b o w s tabi l i zer to ho ld the 
a r m in the correct p o s i t i o n whi le m o u l d i n g . 

right a m p u t a t i o n s b y s imply r e m o v i n g the 

central s u p p o r t a n d revers ing the sl ide. 

T h e lower- l imb orthot ics m e a s u r i n g de­

vice (Figs . 10, 1 1 , a n d 12) , permit s m e a s u r e 

to be taken either in the horizontal pos i t ion 

or at an ang le of 45 deg . , the foot b o a r d a n d 

center of the table being the bas ic reference 

po in t s . 

A r ight-angle pointer is fitted to the lower-

l imb a d a p t o r a n d is used to locate the height 

of the per ineum; a n d a pa ir of ca l ipers or 

d iv iders are used to m e a s u r e the med io -

lateral d i m e n s i o n s of the knee a n d ankle . It 



should be noted that the measuring paper in 
this procedure extends under the foot, thus 
giving the possibility of limb profile, tibial 
torsion, when present, and the foot angle 
and position of the malleoli. 

The below-elbow arm stabilizer (Figs. 13 
and 14) is simply a padded cuff fixed to an 
adjustable support and is used to steady the 
upper arm during the application of plaster. 
Its particular advantage is not so much in the 
molding procedure but rather in the fact that 
since the table gives the frame of reference it 
is easy to ensure that the forearm is held in 
the correct position while the mould is being 
taken. 

The above-elbow device (Figs. 15 and 16) 
uses the same clamp as is used in the below-
elbow case, but has a former which fits into 
the axilla allowing the orthotist/prosthetist 
to use both hands to control the shape of the 
plaster and the position of the stump. 

The spine and trunk unit (Fig. 17) is a 
suspension apparatus that is clamped to the 
hood of the frame for use when measuring 
under traction. It wi l l be apparent, however, 
that by removing and repositioning some of 
the boards, moulds and measurements may 

Fig . 14. Patient in p o s i t i o n r e a d y for m o u l d i n g 
p r o c e d u r e to b e g i n . 

Fig . 15 . M o u l d i n g d e v i c e for a b o v e e l b o w a m p u t a t i o n . 



Fig. 16. Pat i ent in p o s i t i o n r e a d y for the a p p l i c a ­
tion of s tock ine t a n d p l a s t e r . 

Fig. 17 . Pat ient in s u s p e n s i o n r e a d y for the a p ­
p l i ca t ion of p las ter b a n d a g e s . With the use of 
s u p p o r t s it is p o s s i b l e to h a v e p a r t or all of the 
p r o c e d u r e in the hor izonta l p o s i t i o n . 

be taken with the table in a horizontal pos i ­
t ion. 

O f the devices d i scussed a b o v e the reader 
will h a v e noted there is none descr ibed for 
that perennial subject , the be low-knee a m ­
putee . Efforts h a v e been m a d e to devise a 
stabil iz ing b a r to hold the s t u m p in the cor­
rect pos i t ion while taking the plaster m o u l d , 
but this has s o far not p r o v e n to be m o r e effi­
cient than p r o c e d u r e s a l r e a d y a v a i l a b l e . 

Discussion 

At first sight the concept of a b a s i c device 
u p o n which a r a n g e of f i tments m a y be used 

m a y seem complex a n d p e r h a p s cost ly , a n d 
it is a s well to examine briefly these factors 
rather than leave the subject a s an a p p a r e n t 
technical tour de force . 

A t the t ime of writ ing, three tables a s 
descr ibed h a v e been in use for p e r i o d s of 2-3 
y e a r s with only minor changes in the origi­
nal des ign. T h e concept of using one bas ic 
dev ice to cater for a var ie ty of deformit ies 
h a s been readi ly accepted and it s eems a p -



p r o p r i a t e to m a k e a pre l iminary as ses sment 
of the des ign. 

Patient Acceptance: A series of ques­
tions and o b s e r v a t i o n s were m a d e of 
b o t h new a n d experienced patients; the 
consensus w a s that they all felt secure , 
were able to relax a n d c o o p e r a t e fully 
dur ing the p r o c e d u r e irrespect ive of the 
de formi ty be ing catered for. 
Professional Staff: T h e i m m e d i a t e 
feature which b e c a m e a p p a r e n t w a s 
that after instruction in the v a r i o u s 
p r o c e d u r e s , profess iona l staff b e c a m e 
m o r e a w a r e of the re lat ionship of the 
de formity to the pat ient . S ince there is 
a f r a m e of reference, b o d y a l ignment 
can be readi ly o b s e r v e d , corrected, or 
taken into account , for s u b s e q u e n t 
s tat ic a l ignment . 

O f part icu lar interest w a s the fact that, 
with new s tudents it w a s poss ib l e to 
d e m o n s t r a t e s p a t i a l r e l a t i o n s h i p s 
which are otherwise abs trac t until the 
often fat iguing process of d y n a m i c 
a l ignment begins . Finally the design 
a p p e a r s a s such that all p r o c e d u r e s can 
be carr ied out with a m i n i m u m of fa ­
t igue of the cl inician. 
Technical and Production: C o m ­
p a r i s o n s were m a d e between conven­

tional p r o c e d u r e s a n d those us ing the 
table . T h e s p a c e required is less than 
usua l ly acceptab le since the table can 
d o u b l e for a n e x a m i n a t i o n couch . In 
m o s t plaster r o o m s a couch is 
necessary . P r e p a r a t i o n a n d cleaning 
t imes are the s a m e or sl ightly less s ince 
all c o m p o n e n t s are located in one 
p lace . T i m e required per p r o c e d u r e is 
a p p r o x i m a t e l y the s a m e or slightly 
less; h o w e v e r the rejection rate for 
g iven m o u l d s w a s m a r k e d l y less, a n d 
cast modi f i ca t ions required m u c h less 
time. M e a s u r e m e n t s could be taken at 
g iven angles , a s the table p r o v i d e d 
reference, a n d were therefore m o r e ac­
curate . T h i s a l s o app l i ed to stat ic a n d 
d y n a m i c a l ignment . 

T h e s e fac tors taken into a c c o u n t in­
dicate that the initial cos t of p r o d u c i n g 
the table is s o o n offset by increased ef­
ficiency in the depar tment . 

A s presented here the table h a s been 
del iberately des igned to be a s s imple a s 
poss ib l e c o m m e n s u r a t e with efficiency a n d it 
will be a p p a r e n t that further i m p r o v e m e n t 
can be m a d e . T h i s is a n aspect of p r o g r e s s . 

Footnotes 

1 P . O . Box 5583, Riyad, Saudi Arabia . 



PROCEDURES FOR OBTAINING CASTS 
FOR 

ANKLE-FOOT ORTHOSES 

J.H. Tyo, C . O . 1 

R.D. Koch, C . O . 2 

Over the past several years the use of molded thermoplastic ankle-foot orthoses has 
become an accepted tool for orthotic management. A number of articles and publications 
have dealt with the types of plastics used and the various molding techniques. Some atten­
tion has been paid to trimlines and how they affect the performance of the orthoses-patient 
combination. 

In the majority of articles presented to date, however, little has been done to update 
casting procedures. While wrap casting can prove adequate if the user is skilled, it is quite 
easy to distort soft tissue and lose sight of the landmarks of the foot and shank. 

The principle problems with the wrap cast technique are the tendency of the soft tissue to 
assume a cylindrical shape under circumferential pressure and the difficulty of removing the 
mold from the patient without distortion. A wrap cast also increases pressure over bony 
prominences and can create hollows or depressions between these prominences. 

To eliminate these problems a technique has been developed that allows control of the foot 
and shank at different intervals of the procedure, allows for an accurate reproduction of the 
extremity, and is easily removed with a minimum of distortion. 



Mate r i a l s necessary for this p rocedure are a foot b o a r d or shaped f o a m b lock , s tockinet 
s ewn c losed at one end, mineral oil or Vase l ine , two rolls of six-inch wide extra fast plaster-
of -Par is b a n d a g e s , tongue dep res so r s , cast pencil , and b a n d a g e sc i s so r s . 



After e x a m i n a t i o n , the patient's l imb is covered with s tockinet a n d necessary l a n d m a r k s 
are indicated with a cast pencil . T o facil i tate this por t ion of the p r o c e d u r e the stockinet m a y 
be wet ted pr ior to its a p p l i c a t i o n . 

A l t h o u g h the stockinet will usua l ly s tay in p lace b y itself, the pat ient is a s k e d to hold the 
p r o x i m a l edge of the stockinet since this reduces tendency for the pat ient to m a k e u n w a n t e d 
m o v e m e n t s . 

T h e pos i t ion of the foot a n d lower leg is exp la ined to the pat ient . D u r i n g this exp lanat ion 
the foot is phys ica l ly located in the p r o p e r pos i t ion on the foot b lock . While the pat ient is in 
the p r o p e r pos i t ion the first sect ion of the p las ter is m e a s u r e d a n d cut. Th i s is a four layer 
splint twice the length of the foot f r o m heel to toe. 

T h e patient 's foot is r e m o v e d f r o m the cast b lock , the splint is s o a k e d a n d located to the 
pos i t i on former ly occup ied b y the foot . A t this t ime care shou ld be taken to r e m o v e a n y 
wrinkles . T h e excess length is a l l owed to fall anter ior to the toes. A s s o o n a s the foot is 
re located on the cast b l o c k the excess p las ter b a n d a g e is p laced over the d o r s u m of the foot 
a n d s m o o t h e d out . 



A n addi t iona l splint is l oca ted over the d o r s u m of the foot to increase the p r o x i m a l b u l k of 
the cast a n d to m a k e sure the lateral a n d media l edges of the foot a r e covered . 

A t this t ime the tongue d e p r e s s o r is u sed to p u s h the b a n d a g e tightly a r o u n d the foot . 
While this p o r t i o n of the m o l d is d r y i n g the foot is held in a corrected pos i t ion . Whenever 
poss ib l e this is d o n e wi thout put t ing p r e s s u r e of the m o l d itself thus a v o i d i n g d is tort ion a n d 
s u b s e q u e n t modi f i ca t ion p r o b l e m s . 



After this por t ion of the m o l d is dry it is coa ted with mineral oil or Vase l ine over the dor­
s u m a n d pos ter ior a spec t s . 



T h e second splint is located over the pos ter ior s h a n k . T h e length is determined b y a d d i n g 
a p p r o x i m a t e l y three inches to the length of the leg f rom the pos ter ior crease of the knee to 
the b a s e of the c a l c a n e o u s . T h e splint is three layers thick. 

Th i s par t of the splint is s tarted at its mos t p r o x i m a l aspect a n d s m o o t h e d dis ta l ly . T h e 
b a n d a g e should be a s wet a s poss ib l e to insure a d h e s i o n to the stockinet . 

A d d i t i o n a l spl ints are p laced a s necessary to cover the a r e a of the extremity that will be 
c o v e r e d with the A F O . 

After the entire cast has hardened it is r e m o v e d in sect ions . T h e new anterior port ion of 
the stockinet is cut a n d pul led free of the p las ter . 



T h e entire foot is lifted free of the foot b lock a n d the knee is extended. T h e foot is m a n u a l ­
ly p lantarf lexed a n d dors i f lexed. T h i s s h o u l d be d o n e gent ly to a v o i d injuries to both the p a ­
tient a n d the cas t . 

A t this t ime the s h a n k por t ion of the cast can be pul led a w a y , the stockinet is cut d o w n to 
the pos ter ior b a s e of the c a l c a n e o u s a n d the foot p o r t i o n c a n be r e m o v e d with gentle t rac ­
t ion. 

T h e s tockinet is pul led free of the plaster , the cast is r e a s s e m b l e d , s tap led a n d a l l o w e d to 
d r y . 



In cases where a m o l d of the entire c ircumference of the extremity is necessary , the p r o ­
cedure can be extended as s h o w n a b o v e a n d in the rest of the p h o t o g r a p h s in this article. A s 
indicated prev ious ly the edges of the a l r e a d y dry port ion of the m o l d are lubricated a n d 
spl ints are app l i ed . Th i s last sect ion is a l l owed to d r y a n d can be r e m o v e d eas i ly b y just pull­
ing u p w a r d on the p r o x i m a l anter ior stockinet . T h e rest of the p r o c e d u r e remains unal tered. 

Appl i ca t ion of a splint to the anter ior port ion of the s h a n k . 
Establ ishing total contact . 

C o m p l e t e d cast . 



R e m o v a l of anter ior sect ion. 

T h e anter ior section is replaced a n d 
r e a d y for p o u r i n g the pos i t ive mode l . 

F o o t n o t e s 

1 Chie f O r t h o t i s t , U n i v e r s i t y of M i c h i g a n , A n n A r b o r , M i c h i g a n 4 8 1 0 9 
2 D i r e c t o r of P r o s t h e t i c s a n d O r t h o t i c s , U n i v e r s i t y of M i c h i g a n , A n n A r b o r , M i c h i g a n 4 8 1 0 9 



THE FUNCTIONAL RATCHET 
ORTHOTIC SYSTEM 

David J. Hoy, C . O . 1 

Arthur W. Guilford, C . O . 2 

Because of the anatomical structure of the 
cervical spine, a C-5 on C-6 vertebral frac­
ture with resulting C-6 neurological deficit is 
commonly observed. The residual muscle 
functions for this level, as described by 
McKenzie (1), are the shoulder flexors and 
abductors, scapular muscles, and elbow flex­
ors. 

Owing to improved medical care, the sur­
vival rate of individuals acquiring a high-
level cervical lesion has increased over the 
past few years. For example, at the Rancho 
Los Amigos Hospital Spinal Injuries Center, 
a total of 985 quadriplegic patients were ad­
mitted from 1964 to 1974. Of these, 32 per­
cent, or 314 patients, had C-5 on C-6 lesions. 

Orthotic management of the involved up­
per-limb patient has historically presented 
the rehabilitation team with an enigma, 
especially in the case of traumatic quadriplegia. Level of independence and activity 
are closely related to level of lesion. Restora­
tion of function involves many factors, in­
cluding the application, acceptance, and 
utilization of orthotic systems. 

When the lesion is complete, the sensory 
deficit wi l l be complete. Incomplete lesions 
wi l l display mixed evidence of both motor 
and sensory loss or function. Individual pa­
tient evaluations must be thorough if full ad­

vantage is to be taken of the residual func­
tions. 

The involvement of the radial wrist exten­
sors is of great importance, for this muscle 
group can be utilized through the application 
of a wrist-driven flexor-hinge orthotic sys­
tem to provide force for prehension. 

The individual suffering a fracture of C-4 
on C-5 lacks the residual functional mus­
culature to power a wrist-driven orthosis. A t 
this level of neurological deficit, the radial 
wrist extensors are absent, and the patient is 
forced to seek additional mechanical assis­
tance. 

Previous attempts to utilize external 
power systems have resulted in non-ac­
ceptance for a number of reasons. Both the 
electric and compressed gas systems pre­
viously described require a substantial 
amount of familiarity and expertise by the 
orthotist to achieve a functional application 
for the patients' needs (2) (3). In addition, 
the gadgetry of the systems required too 
much effort by the patient, and many were 
quickly discarded after the patient left the 
rehabilitation center. 

Beard and Long (4) have conducted a 
12 l/2-year follow-up on the use of externally 
powered orthoses. Their findings indicate an 
overall usage rate of 33 percent, and that 



"both the p o o r qual i ty of p e r f o r m a n c e a n d 
the small n u m b e r of activit ies which can be 
accompl i shed , due to limited range of m o ­
tion and lack of forceful m o v e m e n t , lead to 
d isuse . Without g o o d p r o x i m a l a r m func­
tion, the external ly p o w e r e d h a n d splint is 
a p p a r e n t l y of little va lue to these pat ients . 
T h e addi t ional time required for app l i ca t ion 
of the entire sys tem is not justif ied. P o o r 
qual i ty of p e r f o r m a n c e of activit ies w a s the 
reason most frequently cited by pat ients for 
d isuse of ex ternal ly -powered or thoses ." T h e 
p r i m a r y reasons for d i scarding the orthos is 
are: 

1. T i m e required for app l i ca t ion . 
2 . P o o r qua l i ty of p e r f o r m a n c e of act ivit ies . 
3. S l o w speed of p e r f o r m a n c e of act ivit ies . 
4 . H i n d r a n c e dur ing other activit ies . 
T o remedy these shor tcomings , the ratchet 

principle first d e m o n s t r a t e d at W a r m 
Spr ings , G e o r g i a (5) w a s utilized. In the 
original des ign, the ratchet sy s t em s imply 
a l lowed the patient to mainta in prehension 
of an object over a n y given per iod of t ime re­

qu ired to c o m p l e t e a task . H o w e v e r , it left 
m u c h to be des ired with respect to a d a p ­
tabi l i ty a n d a d j u s t m e n t . 

T h r o u g h a sequence of clinical app l i ca ­
tions, the ratchet (Fig. 1) has u n d e r g o n e 
several modi f i ca t ions . T h e first m a j o r 
change of the original des ign invo lved con­
vers ion of the ratchet principle to the ex­
isting wrist driven wr i s t -hand orthos is . Th i s 
des ign utilizes o p p o s i t i o n of the thumb a n d 
the first two fingers. A friction wrist joint 
w a s then appl ied to ma in ta in stabi l i ty , yet 
a l low s o m e adjus tment of flexion a n d exten­
s ion in a clinical sett ing. 

T h e spr ing-ac t iva ted ratchet lock in itself 
(Fig. 2) prohib i t s re lease of an object until 
the user s o des ires . A t this point , pres sure 
app l i ed to the re lease lever of the ratchet bar 
frees the object held in g r a s p . Finger open ing 
is a c c o m p l i s h e d through the app l i ca t ion of a 
return spr ing sys tem. It w a s noted that in a 
n u m b e r of cases , objects had a tendency to 
sl ip under firm prehens ion . T o remedy this 
p r o b l e m , a prehens ion c o m p r e s s i o n spr ing 

Fig. 1 . Ratche t o r t h o s i s in M P extens ion ind ica t ing full p o s i t i o n a l o p e n i n g of f inger p ieces . 



Fig . 2 . Ratche t e lement inc lud ing c o m p r e s s i o n p r e h e n s i o n c o m p o n e n t , ratchet b a r , s p r i n g 
a c t i v a t e d lever, a n d re turn s p r i n g s y s t e m . 

w a s dev i sed to mainta in cons tant pres sure . 
T h a t which has been presented to this 

po int p r o v i d e s a general o v e r v i e w to ac­
qua int the orthot is t with the ratchet princi­
ple . It must a l so be e m p h a s i z e d that this 
funct ional level of q u a d r i p l e g i a requires a d ­
dit ional f o r m s of ass i s t ive devices to attain 
proficient levels of act iv i ty . T h e ratchet is 
o n e p r i m a r y c o m p o n e n t of an entire sy s t em 
which w o u l d ordinari ly include radia l m o ­
bile a r m s u p p o r t s , a p o w e r e d wheelchair , 
l a p trays , m o u t h st icks , special seat cush­
ions, etc. It is b e y o n d the s c o p e of this 
d i scuss ion to detail these items, but the p r a c ­
titioner m u s t be a w a r e if their i m p o r t a n c e in 
the care of the quadr ip leg ic . A m o r e detai led 
d i scuss ion of fitting indicat ions for the rat­
chet is required if the pract i t ioner is to 
benefit the pat ient . It m u s t be kept foremost 
in m i n d that a high rejection ra te of devices 
is preva lent in this c a t e g o r y of pat ient . 

A c c e p t a n c e d e p e n d s pr imar i ly on a well-
defined p u r p o s e or rehabi l i tat ion goa l . M e ­
chanical efficiency a n d a c c u r a c y of fit are 
d e m a n d e d of the or thos i s . Rep lacement of 
lost funct ion can only b e ach ieved b y the 

k n o w l e d g e a b l e orthotist with the skill a n d 
dexterity to meet the chal lenge . 

T h e functional ratchet orthot ic sy s t em is 
c o m p r i s e d of the fo l lowing c o m p o n e n t 
part s : 

1. f o r e a r m sect ion with prox imal 
s tabi l iz ing s t r a p , 

2 . p a l m a r section with wrist s t r a p , 
3 . finger a n d t h u m b pieces, 
4. the ratchet element, 
5 . wrist a n d M P jo ints . 

T h e p u r p o s e of both the f o r e a r m a n d p a l m a r 
sect ions is to mainta in the h a n d in a func­
tional pos i t ion . Carefu l o b s e r v a t i o n m u s t be 
m a d e to ensure that the ulnar s ty lo id a n d 
M P joints are free of obs truct ion so a s to 
a v o i d p r e s s u r e a n d restrict ion of m o v e m e n t . 

Mechan ica l axes of the wrist a n d M P 
joints must m a t c h the a n a t o m i c a l a x e s a s 
precisely a s poss ib l e to a v o i d u n w a n t e d 
relat ive m o t i o n between the orthos i s a n d 
h a n d . Funct ional o p p o s i t i o n can be achieved 
only if the thumb a n d first two fingers a r e 
a l igned proper ly . Both the finger a n d t h u m b 
pieces must be a d j u s t e d to p r o v i d e direct 
finger a n d t h u m b tip o p p o s i t i o n . 



Fig. 3 . A d a p t i v e s p r i n g a l l o w s funct ional p o s i t i o n i n g of w r i t i n g i m p l e m e n t . 

Fine ad jus tment on the ratchet b a r is a c ­
compl i shed by a l lowing the spr ing-ac t iva ted 
lever to pos i t ion itself with the notched in­
crements . T o ac t iva te the ratchet a n d close 
the or thos i s , the patient s imply presses the 
finger pieces together aga ins t either the chin 
or the other hand . O p e n i n g is achieved by 
depress ing the spr ing-ac t iva ted lever a n d 
a l lowing the return spr ing to facil itate full 
M P extens ion. 

T e n s i o n of the return spring sys t em is eas i ­
ly a d j u s t e d by shortening or lengthening the 
spr ing . It shou ld be noted that an a d a p t i v e 
spr ing is p r o v i d e d to permit use of a pen or 
pencil (Fig. 3 ) . With a certain a m o u n t of 
training a n d persistence, writ ing c a n be a c ­
compl i shed effectively. 

T r a i n i n g is an essential segment of the 
overal l rehabi l i tat ion for these pat ients . T h e 
a u t h o r s e m p h a s i z e that the skil ls of a 
qual i f ied therapist be e m p l o y e d to ac ­
compl i sh the training g o a l s . 

A l t h o u g h int imate fit of the orthos i s is 
essential , fabr icat ion need not be required of 
the indiv idual pract i t ioner . Centra l fabr ica ­
tion of these s y s t e m s in c o m p o n e n t p a r t s or 

c o m p l e t e d definitive form h a v e been utilized 
with a great deal of success , a n d are n o w a 
part of the pract i t ioner's a r m a m e n t a r i u m . 

O n e point should be reiterated. Because of 
the precis ion that is the essence of the hand, 
the orthot is t is presented with his greatest 
chal lenge in a n y a t tempt t o w a r d its res tora­
tion. 
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TREFOIL ALIGNMENT ADAPTOR 
FOR THE 

VACUUM-FORMED BELOW-KNEE SOCKET 

Morris Schneider, C.P. 1 

Herminio Flores, C.P. 2 

V a c u u m - f o r m i n g techniques h a v e been 
e m p l o y e d wide ly in or thot ics dur ing the pas t 
five yea r s or s o , and recently h a v e been a p ­
plied successful ly to the fabr icat ion of 
ultralight p ros theses that consis t essential ly 

of an a l l -po lypropy lene c o m p o s i t i o n (1) . 
S ince M a y of 1976, a method of fabr ica­

tion has been e m p l o y e d at the V A P C which 
permi ts inclusion of an a l ignment device in a 
be low-knee pros thes is that uses a v a c u u m -

Fig. 1 . C o m p o n e n t s of an a d j u s t a b l e , m o d u l a r b e l o w - k n e e p r o s t h e s i s 
us ing a p o l y p r o p y l e n e socke t . 



formed socket . T h e essential element in this 
technique is a trefoil ( tu l ip-shaped) po ly ­
p r o p y l e n e a d a p t o r used with a V A P C a d ­
jus tab le s h a n k . T h e c o m p o n e n t s are il­
lustrated in Figure 1. U p to this time the 
m e t h o d descr ibed b e l o w h a s been successful­
ly e m p l o y e d for seven pat ients . 

Fabr ica t ion Techn ique 

1. A p o l y p r o p y l e n e socket is v a c u u m 
formed over a modi f i ed cas t . Three-e ights of 
an inch thick p o l y p r o p y l e n e is used for 
be low-knee s t u m p s u p to five inches in 
length; one-half inch thickness is used for 
longer s t u m p s . 

2 . T h e p r o p e r size ( smal l , m e d i u m , or 
large) of a pre fabr ica ted trefoil (tulip) 
p o l y p r o p y l e n e a d a p t o r is selected. 

3. After the trim lines on the socket are 
identified a n d the socket is t r immed, it is 
held in a pos i t ion of stat ic a l ignment in the 
a d a p t o r with tape . M a j o r a d j u s t m e n t s can be 
m a d e in the a d a p t o r a n d the a d j u s t a b l e 
s h a n k can be used for minor correct ions . 
When the a l ignment desired is achieved the 
socket is we lded to the a d a p t o r , the al ign­
ment dev ice being retained in the prosthes i s . 
T h e entire pros thes i s is then formed, s h a p e d , 
p r o v i d e d with a cosmet ic cover , and deliv­
ered. If subsequent a l ignment changes 
shou ld be necessary they can be m a d e readi­
ly after r e m o v a l of the cosmet ic cover for ac­
cess to the a l ignment device . 
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THE ORTHOTIC MANAGEMENT OF 
LUMBAR LORDOSIS AND THE 

RELATIONSHIP TO THE TREATMENT OF 
THORACOLUMBAR SCOLIOSIS AND 

JUVENILE KYPHOSIS 

Edward P. Van Hanswyk, C . O . 1 

William Bannell, M.D. 2 

Histor ica l ly an a t t e m p t has been m a d e to 
reduce the l u m b a r lordos i s s o m e w h a t when 
cast ing a pat ient for a M i l w a u k e e C T L S O . 
T h i s a t tempt has been m a d e with v a r y i n g 
degrees of concern a n d usual ly with v a r y i n g 
degrees of success . 

Recogniz ing that the orthot ic m a n a g e m e n t 
of the l u m b a r lordos i s is necessary in the 
treatment of juveni le k y p h o s i s (Scheurmann's disease ) , a n d t h o r a c o - l u m b a r scol io­
sis with a C T L S O or T L S O , this p a p e r will 
present the ra t iona le for such m a n a g e m e n t , 
beginning with the deve lopment of the lum­
b a r p o s t u r e a n d its re lat ionship to the overal l 
spinal pos i t ion ing . 

P o s t u r a l D e v e l o p m e n t in the S a g g i t a l P lane 

P o s t u r e can be defined as the re lat ionship 
of the p a r t s of the b o d y to the line of the 
center of g r a v i t y (4) . T h e sagittal curves of 
the spine , through deve lopment a n d growth , 
p l a y a n i m p o r t a n t role in mainta in ing the 
p r o p e r pos tura l a n d b o d y re lat ionships to 
the center of g r a v i t y . 

Beginning in the uterus the fetus is in the 
pos i t ion of flexion with the convex curve of 
the spine lying aga ins t the curve of the 
uterine wal l . Fo l lowing birth the deve lop­
ment of p o s t u r e is affected by the constant 
forces exerted by g r a v i t y . 

T h e n e w b o r n lies either supine or p r o n e 
a n d the grav i ta t iona l force is exerted on a 
horizontal p lane a n d tends to unroll the 
p r i m a r y ventral ly convex curve or "coiling" 
that w a s a s s u m e d in the uterus . (Fig. 1 A ) 

T h e infant between two a n d six m o n t h s 
begins to lift its h e a d a n d to sit, caus ing the 
deve lopment of a cervical c o m p e n s a t o r y 
curve . (Fig. 1B) 

T h e nine- to e ighteen-month o ld beg ins to 
s t a n d a n d w a l k in a n upright pos i t ion a n d 
the weight of g r a v i t y is exerted in a vertical 
direct ion result ing in the deve lopment of the 
l u m b a r c o m p e n s a t o r y curve or lordos i s . 
(Fig. 1 C ) 

This s t a g e of deve lopment results in four 
curves in the sagittal p lane , a) the thoracic 
a n d sacra l curves concave ventra l ly (the 
p r i m a r y curves because they were present 
dur ing fetal life), and b) the cervical and 
l u m b a r curves convex ventral ly , the secon­
d a r y or c o m p e n s a t o r y curves (deve loped af­
ter birth) (2) . 

T h e three curves a b o v e the s a c r u m , the 
cervical , dorsa l , a n d l u m b a r , are functional 
a n d a d d to spinal elasticity a n d s trength. T h e 
three af ford a greater resil iency to the weight 
forces of head a n d b o d y , a n d those exerted 
b y grav i ty , than w o u l d a s ingle curve . T h e 



Fig. 1 . T h e d e v e l o p m e n t of p o s t u r e . 

weight is transmitted to the s a c r u m a n d then 
to the pelvis a n d hips . T h e sacra l curve is an 
a d a p t a t i o n to the incl ination of the pelvis 
a n d is not a factor of weight t ransmiss ion . 

T h e L u m b a r L o r d o s i s -
Pelvic Tilt Re la t ionsh ip 

T h e pelv is is the b a s e u p o n which the 
spinal c o l u m n rests , the l u m b o - s a c r a l joint, 
( l u m b a r five a n d sacra l one,) a n d a n y 
changes in its incl ination will result in a cor­
re spond ing change in the pos i t ion of the 5th 

l u m b a r ver tebra in relat ion to the s a c r u m . 
T h i s results in an a l terat ion of the p o s t u r e of 
the entire sp ine . A n increase in the inclina­
tion of the pelv is c a u s e s a n y increase in the 
l u m b a r curve . A decrease in the incl ination 
c a u s e s a decrease in l u m b a r lordos i s . 

Inclination of the pelvis is control led b y 
the musc le s of the hip. It is decreased b y con­
tract ion of the hip extensors , the glutei, 
hamstr ings , a n d the pos ter ior por t ion of the 
hip a d d u c t o r s ; a n d is increased b y contrac ­
tion of the hip f lexors, the i l i opsoas , rectus 



f emorus , pectinieus, and the anter ior pos i ­
tion of the hip a d d u c t o r s . T h e spine is flexed 
by the i l i opsoas a n d a b d o m i n a l s and is ex­
tended b y the erector sp inae . 

T h e a b d o m i n a l s act synergis t ica l ly with 
the glutei, the latter decreas ing the pelvic in­
cl inat ion a n d the former reducing the l u m b a r 
lordos i s (3) (Fig. 2 ) . 

T h e "Fick" a n g l e of incl ination is o n e 

m e a s u r e m e n t used to determine the degree of 
pelvic tilt. T h e a n g l e of a line f r o m the 
foremos t por t ion of the pub ic s y m p h y s i s , to 
the super ior pos ter ior spine of the i l ium, 
m e a s u r e d to the hor izonta l . T h e n o r m a l 
male angle of inclination is 50 deg . , with a 
slight increase in the female (Fig. 3 ) . 

T h e r a n g e of pelvic tilt is determined by 
the tension in the hip joint c a p s u l e a n d re-
enforcing l igaments , pr incipal ly the "Y" l iga­
ment. If further pelvic tilt is a t t empted , flex­
ion of the hips is necessary . 

In the sitting pos i t ion the l igaments n o 
longer restrict the pelvic tilt so that the Fick 
line ang le b e c o m e s hor izonta l . Th i s is ac ­
c o m p a n i e d b y a f lattening of the l u m b a r lor­
dos i s . 

T h e L u m b a r L o r d o s i s -
T h o r a c i c S p i n e Re la t ionsh ip 

T h e orthot ic m a n a g e m e n t of the l u m b a r 
lordos i s b e c o m e s impor tant in the treatment 
of id iopath ic sco l ios i s a n d juveni le k y p h o s i s . 
The righting reflex, the re-a l ignment of 
l igaments a n d musc le l everages , a n d the 
neutral izat ion and direct ion of forces m u s t 
be cons idered . Fig. 2 . Pelvic tilt. 

Fig . 3. Fick a n g l e of pe lv ic inc l inat ion . 



T h e Right ing Reflex 

In juveni le k y p h o s i s , S c h e u r m a n n s 
d i sease , the anter ior wedg ing of the thoracic 
ver t ebrae a n d the increase of the thoracic 
curve in the sagittal p lane a p p e a r a s a 
p o s t u r a l round ing of the b a c k . T h e increase 
in the p r i m a r y thoracic curve results in the 
d e v e l o p m e n t of an increase in the c o m p e n ­
s a t o r y cervical a n d l u m b a r curves , c a u s e d 
b y the effort of the b o d y to right itself over 
the center of grav i ty , thus creat ing an even 
greater "apparent" p o s t u r a l dev ia t ion . 

Converse ly , in the orthot ic m a n a g e m e n t 
of juveni le k y p h o s i s with the M i l w a u k e e 
C T L S O , the force s y s t e m s e m p l o y e d , n a m e ­
ly 1) the three-point force sys tem of an in­
ferior a n d super ior anter ior force countered 

b y a pos ter ior force just be low the apex of 
the k y p h u s , a n d 2) the d is tract ive force be­
tween the iliac crests a n d the b a s e of the oc­
ciput, are re-enforced a n d a ided by the 
"righting" reflex created b y the correct ion of 
the l u m b a r lordos i s . A s the lordot ic curve is 
reduced , the shoulder a n d h e a d are projec ted 
m o r e anter ior ly , a n d a g a i n the body ' s mech­
a n i s m to right itself over the center of g r a v i ­
ty results in an ant i -kyphot i c force a n d an 
extension of the thoracic sp ine (Fig. 4 ) . 

T h e reduct ion of the l u m b a r lordos i s in 
the pelvic b a s e of the orthos i s results in the 
righting reflex ass i s t ing the anter ior pos ter ior 
forces m a i n t a i n e d b y the orthos i s a s well a s 
a n i m m e d i a t e "better" p o s t u r e and the pos i ­
tive beginning of the treatment p r o g r a m . 

Fig. 4. "Right ing" reflex to center of g r a v i t y . 



Fig. 5 . Left, x - r a y of sp ine be fore treatment; 
r ight , x - r a y of s p i n e in M i l w a u k e e C T S L O . 

A n e x a m p l e of the effectiveness of this 
concept is seen in the c o m p a r i s o n x -ray 
v iews s h o w n in Fig. 5. O n the left is a v iew 
of a n untreated lordos i s , a n d on the right the 
s a m e lordos i s in the b a s e of a M i l w a u k e e 
C T L S O , cas ted in a reduced lordot ic pos i ­
tion. 

For c o m p a r i s o n , the angle of lordos i s is 
m e a s u r e d from the inferior border of L-5 to 
the super ior b o r d e r of L - l b y the " C o b b " 
m e t h o d . 

T h e untreated degree of lordos i s on the 
left is 50 deg. T h e corrected pos i t ioning on 
the right m e a s u r e s 30 deg. 

T h e c o m p a r i s o n view of the thoracic spine 
(Fig. 6) d e m o n s t r a t e s the results of the lum­
b a r pos i t ion ing in the M i l w a u k e e C T L S O . 
T h e degree of k y p h o s i s on the left m e a s u r e s 
72 deg . T h e corrected pos i t ion on the right 
m e a s u r e s 46 deg . 

T h e reduct ion of the lordot ic a n d kyphot i c 
curves are readi ly seen in the clinical c o m ­
p a r i s o n slide (Fig. 7) of the patient with and 
without his M i l w a u k e e orthos i s . 

T h e Re-Al ignment of L igament a n d 
Musc le Leverages 

In the m a n a g e m e n t of t h o r a c o - l u m b a r 
scol ios is the control of the l u m b a r lordos i s 
a l l ows re -deve lopment of the mechanica l a d ­
v a n t a g e s : 1) the re-al ignment of l igament 
a n d musc le levers, 2) the neutral izat ion a n d 
direction of forces, and 3) the s tabi l izat ion of 
the pelv is a n d the l u m b a r sp ine . 

It is recognized that the scol iotic spine not 
only dev ia tes lateral ly but a l so ro ta tes in the 
direct ion of the convexi ty . T h i s deformity 
involves the spine a n d ribs a l o n g with the 
musc le a n d l igaments a t tached . 

T h e musc le m a s s act ing on the spine is a 
mul t i - layered complex of long a n d short 
fibers extending in m a n y direct ions . S o m e 
remain mid-l ine f rom ver tebra to vertebra , 
while others project lateral ly from mid-l ine 
to t ransverse proces se s a n d to rib ang les . 
T h e long fibers d iv ide into paral le l c o l u m n s 
a l o n g the spine s p a n n i n g from two to ten 
ver tebrae . In scol ios is a s the spine dev iates 



la teral ly and the ver tebrae rota te , the musc le 
a t tachments re-align adverse ly s o they lose 
their l everages on the sp ine . 

In the thoracic sp ine the lateral and rota­
tional dev ia t ions a re seen a s a p rominence of 
the rib cage , poster io- la tera l ly (Fig. B) . 
Because of the presence of the rib cage an ex­
ternal force app l i ed to the rib prominence , a 
pos tero- la tera l to anter ior force, has an ef­
fect on the ver tebrae invo lved . A lateral 
force appl ied to the rib affects the ver tebrae 
at least two levels a b o v e where app l i ed . Nor ­
ma l rib angula t ion is d o w n w a r d s o that the 
lateral rib border is two ver tebral levels 
be low its a t tachment to the spine (1) . 

In the l u m b a r spine the absence of rib at­
tachments results in no lateral projec t ions 
upon which to a p p l y a correct ive force. In 
l u m b a r sco l ios i s the lateral and rota t ional 
dev ia t ions are seen a s a muscle p rominence 
a n d a pelvic obl iqui ty t o w a r d s the convex 
side (Fig. 9 ) . A d d to this the tendency 
t o w a r d s a l u m b a r lo rdos i s and there de­
ve lops a three direct ional dev ia t ion . 

Re-pos i t ioning the ver tebrae and thereby 
re-establ ishing the musc le and l igament at-

Fig. 6. X - r a y s of t h o r a c i c spine: left, untreated; 
right , with use of M i l w a u k e e C T S L O . 

Fig. 7. Pat i ent w i t h o u t a n d with M i l w a u k e e 
C T S L O . 



Fig. 8. In the thorac ic sp ine the lateral a n d r o t a ­
t ional d e v i a t i o n s a r e seen a s a p r o m i n e n c e of the 
r ib c a g e , p o s t e r o - l a t e r a l l y . 

tachments to their posi t ion of leverage 
b e c o m e s a p r i m a r y concern. 

In the m a n a g e m e n t of l u m b a r scol ios is it is 
necessary to reduce the l u m b a r lordos i s a n d 
to s traighten the poster ior to anterior 
"sway", pos i t ioning the ver tebrae in a 
mechanica l ly a d v a n t a g e o u s pos i t ion before 
a p p l y i n g a lateral correct ive force . Since the 
correct ive force is directed from a poster io-
lateral angle , the force lessening the lordot ic 
pos ture neutral izes the pos ter ior to anterior 
m o m e n t of the correct ive force and increases 
the effect of the lateral m o m e n t on the spine. 
T h e rotat ion of the ver tebrae a n d angula t ion 
of the transverse proces se s a l o n g with the 
musc le bu lge t o w a r d s the convexi ty , are a l s o 
held in posi t ion by the ant i - lordot ic force to 
accept the correct ive exterior force . 

A mechanical a d v a n t a g e is a l so realized in 
releasing the stretch of the anter ior a n d 
poster ior longitudinal l igaments caused by 
the excess ive l ordos i s . T h e stretch of the 
anter ior l igament and b o w i n g of the p o s ­
terior l igaments in the lordot ic pos i t ion is 
critical when the ver tebrae are ro ta ted in the 
scol ios is . T h e l igaments align m o r e laterally 
in the scol ios is and when released in the 
reduct ion of the l ordos i s a l low m o r e flex­
ibility and less res is tance to the correct ive 
lateral forces being appl ied . 

T h e stabi l izat ion of the pelvis u p o n which 
to bui ld the orthos i s and the increase in 
i n t r a - a b d o m i n a l pressure by the e n c o m p a s s ­
ing girdle a d d to the necessity for the re­
duced lordot ic pos i t ioning . 

S u m m a r y 

Thi s paper has emphas i zed the i m p o r t a n c e 
of proper orthot ic m a n a g e m e n t of l u m b a r 
lordos i s and its re lat ionship to the treatment 
of juvenile k y p h o s i s a n d t h o r a c o - l u m b a r 
scol ios i s . 

In the orthot ic m a n a g e m e n t of juvenile 
k y p h o s i s with a C T L S O the effect of the 



Fig. 9 . In lumbar scoliosis the lateral and rotational deviations are seen as a muscle 
prominence and a pelvic obliquity towards the convex side. 

b o d y ' s righting reflex, a s a n ad junc t to the 
external ly a p p l i e d correct ive forces , h a s been 
recognized . 

In the orthot ic m a n a g e m e n t of the l u m b a r 
sco l ios i s with a T L S O the re-pos i t ioning to 
a d v a n t a g e of the ro ta ted v e r t e b r a e a n d m u s ­
c le- tendon a t t a c h m e n t s h a s been out l ined. 
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REINFORCED LOWER-LIMB 
ORTHOSIS-DESIGN PRINCIPLES 

Darrell R. Clark, C . O . 1 

Thomas R. Lunsford, M.S .E . 2 

For s o m e time there h a s been a need for a 
m e t h o d to express the relat ive f lexural 
strength of v a r i o u s orthot ic c o m p o n e n t s . 
Specif ical ly , it is des irable to k n o w which 
d imens ions are critical a n d what impact on 
flexural s trength each d imens ion h a s . A 
metal l ic s idebar can be character ized either 
as h a v i n g a given flexural strength, or m o r e 
important ly , a g iven res is tance to f lexure. 

C o n s i d e r the b e a m s h o w n in Figure 1, 
which is s u p p o r t e d on each end a n d with a 
de forming force app l i ed f r o m a b o v e at the 
center. T h e m a x i m u m deflection of the b e a m 
occurs at the center a n d can be ca lcu lated a s 

y m a x = m a x i m u m deflection (see Figure 
1) in inches 

F = de forming force in p o u n d s 
L = length of s idebar in inches 
E = m o d u l u s of elasticity (material 

proper ty ) in psi 
I = m o m e n t of inertia in ( inches) . 4 

T h e two fac tors in the d e n o m i n a t o r of 
equat ion (1) a r e E, m o d u l u s of elasticity, a n d 
I, m o m e n t of inertia. 

T h e m o d u l u s of elasticity is a mater ia l 
p r o p e r t y , a n d thus can be changed only b y 

c h a n g i n g the type of mater ia l . A s long a s the 
orthot ic c o m p o n e n t is not s tressed b e y o n d 
its elastic limit ( i .e . , does not s tay bent) , the 
m o d u l u s of e last icity is a constant (see T a b l e 
1 for typical v a l u e s ) . It can be seen in T a b l e 
1, that chang ing materia l f rom a l u m i n u m to 
steel will increase the m o d u l u s of e last icity 
b y a factor of three. Inversely , the s a m e 
c h a n g e will p r o d u c e a reduct ion in the m a x ­
i m u m deflection, y m a x , in Figure 1 of the 

Fig. 1. Basic Beam Deflection 



orthot ic c o m p o n e n t by a factor of three. 
T h e other fac tor in the d e m o n i m a t o r of 

e q u a t i o n (1) is the m o m e n t of inertia, I, 
which relates the cross-sect ional s h a p e of the 
orthot ic c o m p o n e n t to its s trength. T h e 
higher the m o m e n t of inertia, the less will be 
the deflection for a given de forming force . 
Severa l cross -sect ional s h a p e s a n d their cor­
re spond ing m o m e n t s of inertia are s h o w n in 
Figure 2 . 

T h r e e e x a m p l e s of h o w equat ion (2), m a x ­
i m u m deflection, c a n be used for des ign p u r ­
p o s e s a r e presented be low. 

K A F O G e n u V a l g u m 

T h e first ca se invo lves a p o s t p o l i o pat ient 
w h o h a d bi lateral K A F O s a n d c o m p l a i n e d 
that his o r t h o s e s flexed media l ly dur ing 
we ight -bear ing (Fig. 3). T h e flexure resulted 
in signif icant instabil i ty dur ing s tance , a n d 
chronic fracture fai lure of the media l 
s idebar . 

Fig. 2. Moment of Inertia 

Fig. 3. K A F O with Medial Flexure 



Fig. 4 . One Inch Sidebars 

Fig. 5. Force Diagram 

In a n a t t empt to correct this condi t ion , the 
3/4 - inch s i d e b a r s were replaced with one -
inch wide s i d e b a r s , a s s h o w n in Figure 4, but 
wi thout success . 

In a n a l y z i n g the p r o b l e m , it is necessary to 
first determine the de forming force p r o d u c ­
ing the knee v a l g u m . T h a t force can b e 
ca lcu lated with help of Figure 5 through the 
fo l lowing equat ion : 

F — knee v a l g u m d e f o r m i n g force in 
p o u n d s 

B . W . = b o d y weight in p o u n d s 
o = knee v a l g u m a n g l e in degrees 
0 = hip a b d u c t i o n a n g l e in degrees 

T h e de forming force ca lcu la ted b y e q u a ­
tion (2) will increase if b o d y weight , hip-

a b d u c t i o n ang le , or k n e e - v a l g u m ang le a r e 
increased . It is neces sary to es t imate this 
d e f o r m i n g force a s it is directly respons ib le 
for the deflection of the knee joint of the 
K A F O . 

T h e s i d e b a r s of a K A F O can be repre­
sented a s a rec tangu lar b a r s u p p o r t e d at each 
end with a d e f o r m i n g force be ing a p p l i e d in 
the midd le a s s h o w n in Figure 6. T h e m a x ­
i m u m deflection, y m a x , can be o b t a i n e d b y 
subs i tut ing e q u a t i o n (2) into e q u a t i o n (2). 

In a n a l y z i n g the terms of e q u a t i o n (3) , it is 
a p p a r e n t that there a r e certain fac tors which 
c a n n o t be control led; for instance , b o d y 
weight , the uncorrec tab le knee v a l g u m , a n d 
h ip a b d u c t i o n a n g l e s a r e hot eas i ly c h a n g e d . 
T h e v a l g u m angle , o, c a n b e contro l led if 
the v a l g u m is correc tab le , but w o u l d be 
min imal . T h e a b d u c t i o n ang le , 0, w o u l d b e 
determined b y the pat ient 's ga i t a n d cor­
re spond ing s tance s tabi l i ty . T h e length of the 
K A F O , L , is f ixed. There fore , the K A F O 
s idebar mater ia l is the remain ing element 



Fig. 6. S i d e b a r Def lec t ion 

Fig. 7. Re in forced S i d e b a r 

which can be changed by des ign. Further, 
the K A F O s idebar mater ia l is fully c h a r a c ­
terized by E ( m o d u l u s of elast icity) a n d I 
( m o m e n t of inert ia) . 

Steel could be used instead of a l u m i n u m 
for the s i d e b a r s s ince the m o d u l u s of elastici­
ty for a l u m i n u m a n d steel is 10 ,000 psi a n d 
30 ,000 psi , respect ively . T h i s c h a n g e will 
cause m a x i m u m deflection, y m a x , to be 
reduced ( i m p r o v e d ) b y a fac tor of three. 

T h e remain ing ingredient in equat ion (3) is 
I, the m o m e n t of inertia, the indicator of the 
strength of a geometr ic s h a p e . Th i s p a r a m e ­
ter d e p e n d s solely u p o n the s h a p e of the 
cross -sect ional a r e a of the s i d e b a r s . A c ­
cord ing to Figure 2, the m o m e n t of inertia 



for a rec tangular cross -sect ioned b e a m is 
g iven by: 

T h e cross - sec t ion of a typical s idebar h a s a 
b a s e (b) of 0 .75 in. a n d height (h) of 0 . 2 5 in. 
T r a d i t i o n a l l y , en larg ing the b a s e w a s a t ­
t empted a s a m e a n s of s trengthening the 
K A F O . In the c a s e of this p o s t p o l i o pat ient , 
the width (base) of the s ide b a r s w a s increas­
ed b y .25 in. , f r o m 0 .75 to 1 inch. Subs t i ­
tuting .75 a n d 1.0 for the s idebar widths 
(base) into e q u a t i o n (4) y ie lds , I = . 7 5 h 3 / 3 
a n d I = 1 . 0 h 3 / 3 . T h e m o m e n t of inertia will 
increase in the s a m e p r o p o r t i o n (25 percent) 
a s the b a s e . Further, the genu v a l g u m de­
f o r m i t y of the K A F O , y m a x , will be reduced 
(25 percent) directly in p r o p o r t i o n to h o w 
m u c h (b) is increased . 

H o w e v e r , increasing the thickness (h) of 
the s idebar by the s a m e .25 inch will p r o d u c e 
a m o r e d r a m a t i c effect on the m o m e n t of in­
ertia a n d hence the a m o u n t of genu v a l g u m 
de formi ty . For e x a m p l e , if the thickness is 
increased f r o m .25 to .50 inch, the m o m e n t 
of inertia b e c o m e s I = . 0 1 5 b h 3 a n d I = 
. 1 3 b / 3 , a fac tor-of -8 increase . T h e genu 
v a l g u m deformity will accord ing ly be re­
d u c e d b y a factor of eight. 

In the case of the p o s t p o l i o patient the new 
K A F O ' s were modi f ied by welding perpen­
dicular s truts to the s i d e b a r s in the vicinity 
of the knee-joint c o n t o u r s a s s h o w n in Figure 
7. T h i s des ign resulted in increasing the 
thickess (height) b y a factor of three over its 
original v a l u e . T h e m o m e n t of inertia in­
creased by a factor of 27 (or 3 3 ) . T h e genu 
v a l g u m deformity w a s accord ing ly reduced 
by a factor of 1 / 2 7 . T h e patient's media l -
lateral s tabi l i ty w a s i m p r o v e d with this 
modi f icat ion a s s h o w n in Figure 8. 

S t i r r u p Fai lure 

B e c a u s e of the severi ty of invo lvement of 
m a n y pat ients seen at R a n c h o L o s A m i g o s 
H o s p i t a l , it is often necessary to increase the 
ank le a n d knee stabi l i ty through the use of a 
l ocked-ank le A F O . T h i s p r o d u c e s a severe 
bending m o m e n t on the tongue of the s t irrup 
caus ing t ransverse fractur ing of the tongue 
a s s h o w n in Figure 9. 

C o m m e r c i a l l y a v a i l a b l e h e a v y - d u t y stir­
r u p s h a v e been utilized in these instances . 
T h e r e is a percentage of pat ients w h o frac­
ture the h e a v y - d u t y s t i rrups (Fig. 10) . Hi s ­
torical ly, the h e a v y - d u t y s t i rrups were rein­
forced with s truts we lded f r o m the vert ical 
m e m b e r of the s t irrup to the tongue , a c r o s s 
the tongue , a n d over the other s ide to the 
other vertical m e m b e r (Fig. 11) . T h e r e a r e 

Fig. 8. Medial - Lateral Stability 



Fig . 9. S t i r r u p F r a c t u r e s Fig. 10 . H e a v y D u t y S t i r r u p 

Fig. 1 1 . Re in forced S t i r r u p 

pat ients w h o fracture this reinforced s t i r rup. 
In ana lyz ing this p rob lem, the deflection, 

y m a x , crea ted by the react ive force of the 
t ib ia and the ankle dors i f lexion angle in ter­
minal s tance a s s h o w n in Figure 12a mus t be 
cons idered . Equa t ion ( 4 ) for the m o m e n t of 
inertia of a rec tangular c ross-sec t ion where 
" b " is the b a s e a n d "h" is the height is a p ­
pl icable here. T h e cross-sec t ion of the tongue 

of the st irrup is s h o w n in Figure 13. Increas­
ing the height will p r o d u c e the highest m o ­
ment of inertia a n d the mos t res is tance to 
f lexure. H o w e v e r , this w o u l d result in a very 
thick s t i rrup that w o u l d be extremely heavy 
a n d ve ry difficult to a t tach to the b o t t o m of 
the s hoe . 

For tunate ly , the s a m e strength a d v a n t a g e 
can be ga ined by m a k i n g 90 deg . con tours at 
the edges of the s t i rrup a s s h o w n in Figure 
13 . A st i rrup which extends the full width of 
the shoe a n d curves 0 .5 inch super ior ly on 
each s ide, a s s h o w n in Figure 14, w a s fabri­
ca ted in two lengths, 8 in. a n d 6 inches (Fig. 
15) . 

Dur ing the terminal s tance phase of gai t 
the simplif ied force d i a g r a m for a st irrup is 
s h o w n in Figure 12b . For a patient in the ter­
minal s tance p h a s e of gai t the forces a re a s 
s h o w n . T h e calf force is F, the ank le joint 
react ion is P, a n d the force tending to flex 
the shank of the st irrup is equal and in op ­
pos i t e direction to the b o d y weight ( B . W . ) . 
For p u r p o s e s of a n a l y s i s the st irrup m a y be 
treated a s a b e a m suspended on one end a n d 
a de forming force app l i ed at the other end. 



Fig. 12 . Force D i a g r a m . T e r m i n a l Stance 

Fig . 13 . S t i r r u p , T r a n s v e r s e Sec t ion 

Fig. 14. P h o t o of Re in forced S u p e r S t i r r u p 

For this type b e a m the deflection at the 
end, y m a x , is g iven b y 

where 

W = the de forming force appl ied at the 
end (in this case it is equal to the 
pat ient 's b o d y weight) 

L = length of s t irrup undergo ing 
flexure. For a n 8 inch s t irrup, 
L = 5 inches 

E = M o d u l u s of elasticity with 30 x 
1 0 6 psi for s ta inless steel 

I = m o m e n t of inertia 

T h e m o m e n t of inertia for a convent iona l 
s t i rrup with a 2.0-in. width a n d .125-in. 
height is .0013 in . 4 T h e m o m e n t of inertia for 
the c o n t o u r e d s t irrup is .044 in.4 Subst i tu t ing 
these v a l u e s into e q u a t i o n (5) yields end-
deflections for the s t a n d a r d s t irrup a n d con­
toured s t irrup of 0 .16 in. a n d .0016 in. T h i s 
represents a deflection of one-one hundredth 
of that a l l o w e d b y the convent iona l des ign . 

A s izable i m p r o v e m e n t in fa t igue life is ex-



pected from the con toured s t i r rups since 
fat igue life is dependent upon the number of 
flexures (s teps) and the ampl i tude of each 
f lexure. 

A weight c o m p a r i s o n between the conven­
tional commerc ia l ly ava i l ab l e heavy-du ty 
s t i rrup a n d the reinforced R a n c h o Los 
A m i g o s s t i rrup s h o w s an increase of 5 to 10 
ounces depending on size. T h e reinforced 
st i rrup instal led on the shoe d o e s not in­
terfere with the meta ta r sa l toe b reak thereby 
a l lowing the pat ient no rmal gai t d y n a m i c s . 

P o l y p r o p y l e n e A F O 

In those cases where the orthot ic object ive 
is to s tabi l ize the tibia dur ing s tance , the con­
vent ional p o l y p r o p y l e n e A F O a l l ows exces­
s ive dors i f lexion r ange . Further, cont inued 
flexure from the neutral pos i t ion into dor­
siflexion a n d b a c k to neutral p r o m o t e s the 
c o m m o n fat igue fracture on the pos ter ior 
region of the A F O at the talo-crural ax i s as 
s h o w n in Figure 16 . Therefore , the design 
goa l w a s to in t roduce m a x i m u m resis tance 
to dors i f lexion wi thout a severe weight 
pena l ty or c o m p r o m i s e to cosmes i s . 

C o n v e n t i o n a l po lyp ropy l ene A F O ' s p ro ­
duce an o b v i o u s bu lge at the ankles in ter­
minal s tance (Fig. 17) , thereby losing stabil i­
ty. 

In an a t tempt to minimize the dorsif lexion 
metal l ic reinforcing struts were a d d e d to the 
lateral a n d media l s ides of the A F O . A g a i n , 
the des ign w a s directed at taking a d v a n t a g e 
of the height-cubed (h 3 ) factor, in the m o ­
ment of inertia equa t ion . 

The reinforcement strut used in this c a s e is 
.5 x .125-in. steel. T h e .5-in. d imens ion w a s 
"h" and the .125 w a s " b " a s shown in Figure 
18. It is con toured to a v o i d the mal leol i . The 
general loca t ion of reinforcement strut is 
pos te r io r to the mal leol i . Th i s a l lows modif i ­
cat ion of the plast ic over the malleoli if re­
quired . 

T h e reinforcement s t ruts shou ld extend in­
to the foot por t ion of the or thosis and 
super ior ly six inches be low the p rox ima l 
f ibular head . 

Fig. 1 5 . T w o Lengths 

Fig. 16. P o l y p r o p y l e n e A F O Frac ture 



With the reinforcement in p lace it is poss i ­
ble to mainta in a n a r r o w medial lateral p r o ­
file a l lowing the orthos i s to fit into the shoe 
easi ly a n d be accep tab le cosmet ica l ly . 

A testing a p p a r a t u s w a s deve loped us ing a 
be low-knee pros theses which h a d been m o d ­
ified to a l low dors i f lex ion. T h e testing a p ­
p a r a t u s is s h o w n in Figure 19. 

P o l y p r o p y l e n e A F O ' s with a n d without 
the re inforcement were v a c u u m f o r m e d to fit 
the prosthes i s used on the test f ixture. T h e 
foot por t ion of the pros thes i s w a s a n c h o r e d 
to a s tab le b a s e a n d dors i f lex ion angle in­
d ica tor ca l ibrated in degrees w a s a t tached . A 
force g a u g e w a s a t tached to the p r o x i m a l 
end of the pros thes i s a n d a n anter ior tibial 
force w a s app l i ed to s imula te the s tance 
force of the we ightbear ing l imb. T h e a m o u n t 
of dors i f lexion de formi ty of the A F O a s well 
a s the force required to p r o d u c e the deflec­
tion w a s recorded . T h e results are s h o w n in 
Figure 20. 

Fig. 17. Characteristic Bulge 

Fig. 18. Reinforced Polypropylene AFO Fig. 19. Dorsiflexion restraint test fixture 



Fig. 20. C o n v e n t i o n a l v s . re inforced P o l y p r o p y l e n e A F O 

It w a s determined that wi thout reinforce­
ment , on ly eight (8) p o u n d s are required to 
p r o d u c e a 5- or 6-degree angle of dorsif lex­
ion. With the strut re inforcements , a 
m i n i m u m of 50 p o u n d s of force w a s required 
to p r o d u c e the s a m e a m o u n t of deflection. 

S u m m a r y 

T h r e e lower- l imb or thoses h a v e been ex­
a m i n e d with the intent of i m p r o v i n g stabil i ­

ty . T h e pr inc ipal des ign concept invo lved 
the careful or ientat ion of the reinforcing 
m e m b e r s to p r o v i d e an o p t i m u m m o m e n t of 
inertia. 

T h e s e ideas a n d s u p p o r t i n g d a t a s h o w 
p r o m i s e . O u r p l a n s are to cont inue to 
e v a l u a t e a n d fit pat ients with modi f i ca t ions 
of these devices in an effort to ga in further 
experience a n d a d d credence to our ear ly 
results . 
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Research a n d D e v e l o p m e n t of the Kurzwei l R e a d i n g M a c h i n e a n d a S t a t u s 
R e p o r t on its Tes t ing a n d D i s s e m i n a t i o n — A . Kleiner a n d R. K u r z w e i l . . 

A Pre l iminary F o l l o w u p S t u d y of Electronic T r a v e l A i d U s e r s — N . C . D a r ­
ling, G . L . G o o d r i c h , a n d J . K . Wiley 

V A Prosthet ics Center Research 

R e p o r t — A . S t a r o s a n d E . Peizer 

Highl ights of O t h e r V A Research P r o g r a m s 

Pros the t i c s—Edi ted b y E . F . M u r p h y 
S e n s o r y A i d s — E d i t e d b y H . Freiberger 
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C a l e n d a r of Events . . . 

201 
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211 
216 

Editor's N o t e 

B P R I n d e x — E a r l A . Lewis 219 

HOW TO PURCHASE PREVIOUS ISSUES: 

Still a v a i l a b l e for p u r c h a s e f r o m the Super intendent of D o c u m e n t s a r e : 

B P R 10-19 S P R I N G 1973 at $ 2 . 0 5 each 
B P R 10-20 F A L L 1973 at $ 3 . 1 5 each 
B P R 10-21 S P R I N G 1974 at $ 3 . 9 5 each 
B P R 10-22 F A L L 1974 at $ 5 . 5 0 each 
B P R 10-23 S P R I N G 1975 at $4 .25 each 
B P R 10-24 F A L L 1975 at $ 3 . 5 0 each 
B P R 10-25 S P R I N G 1976 at $ 3 . 9 0 each 
B P R 10-26 F A L L 1976 at $ 4 . 0 0 each 

If m o r e than o n e issue is reques ted , a s ingle p a y m e n t m a y be m a d e . Al l requests 
m u s t specif ical ly indicate which c o p y or copies are des ired. 

HOW AND WHERE TO SEND REMITTANCES: 

All p a y m e n t s m u s t b e m a d e in a d v a n c e . All remit tances must b e m a d e p a y a b l e 
to Super intendent of D o c u m e n t s a n d sent t o : 

Use check, m o n e y order , Super intendent of D o c u m e n t s c o u p o n s , or D e p o s i t 
A c c o u n t . N o subscr ip t ions are poss ib l e s ince cost of each issue v a r i e s . 

REMITTANCES FROM ABROAD: 

N o addi t iona l c h a r g e is required if mai l ing is within the Uni ted S ta te s , its p o s ­
se s s ions , C a n a d a , M e x i c o , a n d all Centra l a n d S o u t h A m e r i c a n countr ies except 
A r g e n t i n a , Brazi l , Brit ish G u i a n a , French G u i a n a , a n d S u r i n a m (Dutch G u i a n a ) , 
a n d Brit ish H o n d u r a s . Where foreign mai l ing is required, a d d 2 5 % to the total cost 
of the n u m b e r of Bullet ins o r d e r e d . Remi t tances f r o m other countr ies s h o u l d be b y 
internat ional m o n e y order or draf t o n a Uni ted S t a t e s b a n k , p a y a b l e to the S u p e r ­
intendent of D o c u m e n t s . U N E S C O c o u p o n s m a y a l s o be used . Foreign money or­
ders and postage stamps are not acceptable. 

PROCUREMENT NOTES: 

T o facil i tate procurement , c o u p o n s m a y b e p u r c h a s e d in a d v a n c e f r o m the 
Super in tendent of D o c u m e n t s . T h e s e c o u p o n s a r e in sets of 20, each set cos t ing 
$ 1 . 0 0 . T h e y h a v e n o exp irat ion da te , are redeemable , a n d m a y b e used when or­
der ing the Bulletin. A n o t h e r technique is to open a "Deposi t A c c o u n t " with the 

Super intendent of D o c u m e n t s 
U . S . G o v e r n m e n t Print ing Off ice 
W a s h i n g t o n , D . C . 20402 
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Super intendent of D o c u m e n t s which requires a depos i t of at least $25 .00 , a g a i n s t 
which p u r c h a s e s m a y b e m a d e of the Bulletin a s well a s a n y other pub l i ca t ions so ld 
b y the Super intendent of D o c u m e n t s . O r d e r f o r m s are p r o v i d e d for this p u r p o s e . 

F o r p u r c h a s e s of 100 copies or m o r e , sent to a s ingle locat ion , a 2 5 % d i scount i 
g iven . 

IMPORTANT: P lease d o not s end a n y remit tance to 
the Veterans A d m i n i s t r a t i o n or to 
the Editor of the Bulletin. T o d o s o 
will on ly de lay receipt of y o u r Bul le­
tin, s ince all sa les a r e h a n d l e d b y the 
Super intendent of D o c u m e n t s . 

L O W E R - L I M B O R T H O T I C S ; A M a n u a l . A . Bennett Wi l son , J r . , D a v i d C o n -
die , C h a r l e s P r i t h a m , Melv in St i l l s , Publ i ca t ion # M - l - 7 8 , Rehabi l i ta t ion Engi ­
neering Center , M o s s Rehabi l i ta t ion H o s p i t a l , 12th Street a n d T a b o r R o a d , Phi la­
de lphia , P A 1 9 1 4 1 ; $ 1 0 . 0 0 p p . 

T h i s m a n u a l conta ins new in format ion o n mater ia l handl ing techniques that a d d 
m u c h to the a r m a m e n t a r i u m for lower- l imb orthot ic m a n a g e m e n t of pat ients . In 
a d d i t i o n the reader is g u i d e d through pat ient a s s e s s m e n t , orthot ic n o m e n c l a t u r e , 
a n d t ermino logy . M a t c h i n g of required orthot ic funct ions to or thos i s des igns is 
c o v e r e d a l o n g with criteria u s e d in f o r m u l a t i o n of a prescr ipt ion . 

Bas i c principles of lower- l imb orthot ics a r e d i scussed . T h e fabr ica t ion 
techniques a l o n g with cas t ing a n d m e a s u r i n g of pat ient comple t e s ..this very useful 
m a n u a l . It p r o v i d e s a review g u i d e for phys i c ians a n d therapis t s , a n d , when fol­
l o w e d , will ensure that pat ients benefit f r o m recent research . 

T h i s m a n u a l is comple te a n d will b e a great ad junc t to current educat iona l p r o ­
g r a m s . 

B e r n a r d C . S i m o n s 

ERRATA 
T h e aff i l iat ions of W a r r e n A . C a r l o w , J r . a n d M a n u e l J . A l m e i d a , a u t h o r s of the 

art ic le "Plastics in L o w e r - L i m b Ortho t i c s" which a p p e a r e d on p p . 25-31 in the 
M a r c h 1978 i ssue of " O R T H O T I C S a n d P R O S T H E T I C S " are incorrect . T h e y 
s h o u l d r e a d : 

"Owner , C a r l o w O r t h o p e d i c a n d Prosthet ics Inc . , 
W a r w i c k , R h o d e I s land" for M r . C a r l o w , a n d 

"Director of Or tho t i c s , C a r l o w O r t h o p e d i c a n d 
Prosthet ic Inc." for M r . A l m e i d a . 

W e sincerely regret this error . 
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C L A S S I F I E D A D V E R T I S E M E N T S 
Advertising Rates 

Regular—First 35 words, $24.00 (minimum) Additional words $1 00 each. Situations wanted advertisements half rate Space 
rate additional: 13 x 13 picas-$105.00; 13 x 18 picas-$180.00 

Specia l—Members of the American Academy of Orthotists and Prosthetists who wish to advertise their availability on a signed 
or unsigned bases are entitled to do so at the special rate of $5.00 per five line insertion per issue Each additional line, $1 00. 

Mail addressed to National Office forwarded unopened at no charge. Classified Advertisements are to be paid in advance: 
checks should be m a d e payable to "Orthotics and Prosthetics". Send to: Editor, Orthotics and Prosthetics, 1444 N St. , N W , Wash­
ington, D . C . 2 0 0 0 5 . 

CHIEF O R T H O T I S T — T h e successful applicant will, in 
consultation with physicians, superintend the design, 
fitting and evaluation or orthoses for a large and varied 
patient population. Applicants should be certified 
Orthotists educated at an acceptable level. Demon­
strated ability in the fabrication and fitting of orthotic 
devices, in the provision of leadership of orthotic per­
sonnel and in working effectively with professional staff 
and patients is required. Experience in the teaching of 
orthotics to orthotic trainees and medical and para­
medical personnel would be a decided asset. 
CHIEF P R O S T H E T I S T — T h e successful applicant will, 
in consultation with physicians, superintend the design, 
fitting and evaluation of prosthetic devices for a large 
and varied patient population. He/she will also exercise 
administrative responsibility, maintenance of patient 
records and supervision of departmental support per­
sonnel. Applicants should be certified Prosthetics edu­
cated at an acceptable level. Demonstrated ability in the 
fabrication and fitting of prosthetic devices, in the pro­
vision of leadership of prosthetic personnel and in 
working effectively with professional staff and patients 
is required. Experience in the teaching of prosthetics to 
prosthetic trainees and medical and paramedical person­
nel would be a decided asset. 

The salary offered will be highly competitive and nego­
tiable, commensurate with qualifications and experi­
ence. Qualified persons are invited to address inquiries 
and curricula vitae with references in confidence to: 
Manager Employment & Training, Health Science 
Centre, 700 William Avenue, Winnipeg, Manitoba, R3E 
0Z3 
O R T H O T I S T and/or PROSTHETIST—Preferably cer­
tified. You will be associated with a 492 bed fully ac­
credited hospital and clinic located in Central Texas 
where the climate is mild and within 3 hours driving dis­
tance to all major cities. Presently undergoing a 10 year 
$25 million dollar expansion program. Excellent benefit 
package including 100% outpatient services and free 
parking. Salary negotiable. Mildred Lewis, Scott and 
White Hospital, 2401 S. 31st Street, Temple. Texas 
76501 (817) 778-4451 ext. 2529. Equal Opportunity 
Employment. 
CERTIFIED PROSTHETIST—For clinical position. We 
have adequate technician support people. We are ex­
panding to a new building. Vacancies caused by death 
and retirement. Good salary and fringe benefits. The 
Winkley Company, 4130 Highway 55, Minneapolis, 
M N 55422, (612) 522-6616. 
CERTIFIED O R T H O T I S T — F o r clinical position. We 
have adequate technician support people. We are ex­
panding to a new building. Vacancies caused by death 
and retirement. Good salary and fringe benefits. The 
Winkley Company, 4130 Highway 55, Minneapolis, 
M N 55422. (612) 522-6616. 

M A N A G E M E N T OPPORTUNITY—Modern certified 
Orthotic/Prosthetic Laboratory in leading children's 
hospital offers a stimulating supervisory position for a 
certified individual. Successful candidate will be dele­
gated authority and responsibility for Orthotics oper­
ations management. Position combines excellent fringe 
benefits including health insurance, income disability 
insurance and retirement program with the widely rec­
ognized cultural and recreational advantages of the 
area. Salary commensurate with experience. Applicants 
must be certified in Orthotics with a minimum of five 
years experience, including managerial experience, or 
exposure to management educational programs. B.S . 
Degree and certification or significant experience in 
Prosthetics desirable. Our staff is aware of this adver­
tisement. Send resume and salary requirements to: PER­
SONNEL MANAGER, Newington Children's Hospital, 
181 East Cedar St , Newington, Conn, 06111. 
O R H T O T I S T TECHNICIAN—Modern certified or-
thotic/prosthetic laboratory in leading children's hos­
pital offers a challenging position. You will be servicing 
the special needs of children or critical adult patients. 
Our facility offers excellent fringe benefits including 
health insurance, income disability insurance, dental 
plan, and retirement program. Send resume and salary 
requirements to: PERSONNEL MANAGER. NEWING­
TON CHILDREN'S HOSPITAL, 181 East Cedar Street, 
Newington, Conn. 06111. 
P R O S T H E T I C A N D O R T H O T I C BUSINESS FOR 
SALE—Well established—excellent opportunity—one 
or two man operation—northwest location, excellent 
recreation area. Confidential. Please reply to Box: 
AOPA 718, 1444 N St., N.W., Washington, D.C. 
20005. 
CERTIFIED O R T H O T I S T A N D / O R P R O S T H E T I S T — 
Position available leading to part ownership of Facility 
in Northwest. Liberal fringe benefits. Interested appli­
cants should sumbit resume and three professional ref­
erences to: BOX 719 AOPA 1444 N St., N.W., Wash­
ington, D.C. 20005. 
ORTHOTIST—Experienced Orthotist wanted who is 
qualified to fabricate and fit all types Orthotic appli­
ances. Paid Life, Health, and vacation. Please send 
resume and references to: R.E. Lebold Salem Ortho­
pedic & Prosthetic Inc. 1728 Center St , N.E.. Salem, 
Oregon 97301. 
P R O S T H E T I C A N D O R T H O T I S T - E x p e r i e n c e d , im­
mediate opening, certification not necessary. Salary 
negotiable. Center of Laurel Highlands Recreation 
Area. Johnstown Artificial Limb & Brace Co., 721 
Franklin Street, Johnstown, PA 15901. 
CERTIFIED PROSTHETIST—Certi f ied or board eligi­
ble prosthetist needed to measure, fabricate, and fit 
prosthetic appliances. If you like the great outdoors, 
this facility is located in the northwest. Send complete 
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resume to: AOPA, Box 721, 1444 "N" Street, N.W., 
Washington, D.C. 20005. 

CPO—With 12 years experience desires relocation in 
the Southeast. Reply to: Box 720, AOPA, 1444 N St., 

CERTIFIED P R O S T H E T I S T A N D / O R O R T H O T I S T — N. W., Washington, D. C , 20005 

NOW AVAILABLE 
LOWER-LIMB ORTHOTICS — A MANUAL 

by A. Bennett Wilson, Jr., David Condie, Charles Pritham, Melvin Stills 

This first edition is based on a comprehensive draft that 
was tested during several pilot courses for instructors from 
formal education programs in the United States and in Scot­
land. 

The single copy price is $10.00 postpaid. Quantity dis­
counts are as follows: 

2-10 copies — 10% 50-99 copies — 30% 
11-49 copies — 20% 100 or more copies — 40% 

Orders should be directed to: 

Publications Office 
Rehabilitation Engineering Center 
MRH-TU-DU 
12th Street and Tabor Road 
Philadelphia, Pennsylvania 19141 

Opportunity to join teaching staff of New York Univer­
sity Prosthetics & Orthotics education program. Excel­
lent salary & benefits program Send resume to Norman 
Berger, Prosthetics & Orthotics Department, N.Y. Uni­
versity Medical Center, 317 E. 34th St., New York, 
N.Y 10016. An equal opportunity/affirmative action 
employer m/f. 

P R O S T H E T I C T E C H N I C I A N — T o work full time. 
Must have Basic Short Term Courses. Salary commen­
surate with experience- Full Company benefits. Replies 
handled in strict confidence. Doerflinger's Artificial 
Limb Co., 2525 W Fond du Lac Ave., Milwaukee, Wis 
53206. 
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RESOLUTION CONCERNING THE METRIC SYSTEM 

T h e fo l lowing reso lut ion w a s a d o p t e d by the B o a r d o f D i r e c t o r s o f the A m e r i c a n 
Orthot ic and Pros thet ic A s s o c i a t i o n at its meet ing in S a n D i e g o O c t o b e r 3, 1973: 

W H E R E A S by A c t o f C o n g r e s s it h a s been de termined that the Uni t ed 
S t a t e s should p r o c e e d t o w a r d s a d o p t i o n o f the metr ic s y s t e m a s u s e d 
a l m o s t un iversa l ly throughout the rest o f the wor ld , and 

W H E R E A S the t echnolog ica l p r o f e s s i o n s and m a n y s e g m e n t s o f the 
health p r o f e s s i o n s h a v e c o m m o n l y u s e d the metr ic s y s t e m o v e r an ex­
t ended per iod o f t ime , and 

W H E R E A S it is important for m e m b e r s o f the or tho t i c /pros the t i c p r o ­
f e s s i o n s to interact with their c o l l e a g u e s in the med ica l and technolog i ­
cal c o m m u n i t i e s for o p t i m u m patient s e r v i c e be it h e r e b y 

R E S O L V E D that the A m e r i c a n Orthot ic and Pros the t i c A s s o c i a t i o n 
e n d o r s e s the u s e o f the metr ic s y s t e m by its m e m b e r s a n d other orthot ic 
and pros the t i c prac t i t i oners in the U n i t e d S t a t e s , and in wi tnes s o f this 
e n d o r s e m e n t and A s s o c i a t i o n u r g e s the e d i t o r s o f its j o u r n a l Orthotics 
and Prosthetics to c o m m e n c e the dual report ing o f we ights and 
m e a s u r e m e n t s in both the Eng l i sh and metr ic s y s t e m s at the ear l ies t 
p o s s i b l e d a t e with the o b j e c t i v e o f e m p l o y i n g the metric s y s t e m sole ly 
by the t ime o f the 29th V o l u m e in 1975. 
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LENGTH 

Equivalencies 
angstrom 
millimicron* 
micron (micrometer) 

To Convert from 

inches 
feel 
yards 
miles 

AREA 

To convert from 

METRIC SYSTEM 
Conversion Factors 

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

To 

meters 
meters 
meters 
kilometers 

Multiply by 

0.0254* 
0 .30480* 
0 .91440* 
1.6093 

square inches 
square feet 

VOLUME 

Definition 

square meters 
square meters 

0.00063616* 
.092903 

I liter O.OOlt cubic meter or one cubic decimeter ( d m 3 ) 
(1 milliliter = I t cubic centimeter) 

To convert from 

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

MASS 

To convert from 

pounds (avdp.) 
slugs* 

FORCE 

To convert from 

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

To 

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

To 

kilograms 
kilograms 

To 

newtons 
kilogram-force 
newtons 
kilogram-force 

I " - ~ M H I ^ I O I l l ' I V J I L C 

•This double-prefix usage is not desirable. This unit is actually a nanometer (10- 9 meter 
+ Foi pii icl ici i l purpose-, all Subsequen t digits ;ire zeros. 

10-

Multiply by 

16.387 
29.574 
28.413 
473.18 
568.26 
0 .028317 

Multiply by 

0.45359 
14.594 

Multiply by 

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

centimeter). 
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S T R E S S (OR P R E S S U R E ) 

To convert from To Multiply by 

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

T O R Q U E (OR MOMENT) 

To convert from 

pound-force-feet 
pound-force-feet 

E N E R G Y ( O R WORK) 

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

T o 

newton meter 
kilogram-force meters 

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

To convert from 

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

1 cal (gm) = 4 .1840 joules 

T o 

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

T E M P E R A T U R E CONVERSION T A B L E 

6894.8 
0.68948 
0 .070307 

Multiply by 

1.3559 
0.13826 

Multiply by 

1.3559 
0.13826 
1 x 1 0 - 7 t 
252.00 
0 .32405 

To convert ° F to °C 
°F - 32 

1.8 

°F °C 

98.6 37 
99 37.2 
99 .5 37.5 

100 37.8 
100.5 38.1 
101 38.3 
101.5 38.6 
102 38.9 
102.5 39.2 
103 39.4 
103.5 39.7 
104 40 .0 

*A slug is a unit of mass which if acted on by a force of one pound will have an acceleration of one foot per 
second per second. 
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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 complete with i l lustrations to facilitate review and approval. 
2. BIBLIOGRAPHY. This should be arranged alphabetically and cover only references made in 

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

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

D o n o i submit: 
a. Slides (colored or black & white) 
b. Photocopies 

PREPARATION OF MANUSCRIPT 

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

shown in Fig. 14) 

PREPARATION OF ILLUSTRATIONS 

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

permission granted. 

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

PROSTHETICS. 
—Rejected manuscripts wi l l be returned within 60 days. 
—Publ icat ion of articles does not consti tute endorsement of opinions and techniques. 
—Al l materials published are copyrighted by the American Orthotic and Prosthetic Associa­

t ion. 
—Permission to reprint is usually granted provided that appropriate credits are given. 
—Authors wil l be supplied with 25 reprints. 



As Different 
As Nighf 

And Day. 
Patients. P r o s t h e t i s l s , M a r m f a L t u r t r s . 

~, Kingsley Manufacturing Company 
W feels tlul this continuing responsibility 

toward prusthelisl and patient is tin-

iu- single inosi mi pi it i.1 in quanti­
tation (or being a member ol the 

prosthetics industry. We are 
always seeking to improve both 

what we do and how we do it, 
knowing that, ullimately.it is 

the patient who depends 
upon all ol us. 
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lets your 
patients function 
while they heal. 
Encourages mobility and functioning of the extremity during the 
healing process—Adjacent joints remain mobile, reducing the need 
for post-fracture physical therapy—eases the economic burden for the 
patient by permitting faster resumption of full activities. 

ORTHOPLAST* Splints: the ideal material for fracture bracing-
Lightweight, strong and durable, the ORTHOPLAST material is an 
easy-to-mold thermoplastic that can be worked with bare hands, is 
strong, conformable, self-adherent and washable, and has established 
its clinical benefits in tibial, femoral, Colles' and forearm fractures.15 

References: 1. Sarmiento, A.: Functional below-the-knee brace for tibial fractures, J. Bone Joint Surg. 
52-A:295,1970. 2. Sarmiento, A.: Functional bracing of tibial and femoral shaft fractures, Clin. Orthop. 
82:2,1972. 3. Sarmiento, A., Cooper, J., and Sinclair, W.F.: Forearm fractures, J. Bone Joint Surg. 
57-A:297,1975.4. Sarmiento, A., et a/.: Colles' fractures, J. Bone Joint Surg. 57-A:311,1975. 
5. Sarmiento, A.: Functional bracing of tibial fractures, Clin. Orthop. 705:202,1974. 

ORTHOPLAST 
SPLINTS 
| 1 Educational literature, reprints, brace pat­

terns and samples may be obtained by writing 
to Johnson & Johnson, Department J-408, 
New Brunswick, New Jersey 08903. 

To immobilize 
the fracture, 
not the patient 

Please send more information on functional bracing with 
ORTHOPLAST® Splints. 

Warns TiCEe 

Address 

City State Zip 
© jjo&4uo»t«|}oA4wcn 1976 



A Public Service of this magazine & T h e Advertising Council BKW 

A d a m 
G a u t h i e r 
c o u n t e d 

o n u s . 
If Red Cross hadn't trained young 

Lars Alecksen in lifesaving tech­
niques, last summer Adam Gauthier 

just might have ended up one 
more drowning statistic. (Adams 

alive and well today, thank you, and 
in the first grade in Manitowoc, 

Wisconsin.) We're not asking 
for medals (Lars is the one who 

deserves those). But we do need 
your continued support Help us. 

Because the things we 
do really help. In your own 
neighborhood. And across 

America. And the world. 

Red Cross. 

Wfe're. counting •on you. 

The Good Neighbor. 
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Buff On ORTHOTIC PROSTHETIC MACHINERY 

Machines Designed 
To Enhance 
The Craftsmanship of 
The Orthotic /Prosthetic 
Professional 

S/J SERIES 

itton's S/J series comes with one 4" and one 1-9/16" 
ilt (or two of either size). Each is a full 60" long for long 
e, fast cutting. All dust generating positions are ported, 
id dust is caught and deposited in drawer just behind front 
inel. Shaft is extended to Ieft8", to provide abundant room 
swing braces while grinding or polishing. Shaft extends 
on right, and both shaft ends are covered with swingaway 

iods. Naumkeag is completely adjustable and ported, 
ill range of attachments available for ends of shaft. Many 
aft options available. 

T / 2 SERIES 

MODEL T /2 -S -M 

Sutton's T /2 series has been designed especially for the 
orthotic/prosthetic professional. It includes two fast-cut­
t ing, 60" sanding belts. One is 1-9/16" wide, the other 4" 
wide. These are augmented by a 2Vz" flat surface sander, a 
"B"-shaped sanding wheel, and a cone-shaped heel breast-
er, plus a separate adjustable naumkeag. There is a high 
speed sole and top lift trimmer, and sizes may be changed 
while the machine is running. A cutter sharpener is built in. 
A 2" wire brush is included. The complete vacuum system 
includes five air release bags. Dust falls into a drawer In 
front. Many attachments are available for shaft ends, and 
many shaft options are available also. 

3S008c»rttOsfc . St. toufc , M o . 63122, USA • (314)226-8256 » Catota: SUTCO 
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George P Irons, C P O . Research Director — United States Manufacturing Company 

"The Tolin Pylon doesn't weigh much 
but it sure carries a lot of weight around here." 

We're impressed with the Tolin Pylon, all 
twenty ounces of it. We're impressed with 
its strength and stability and the way it 
stands up to punishment. We'll even go so 
far as to recommend it for a definitive 
prosthesis as well as for an interim leg or 
for immediate post-operative care. 

You'll be impressed with its ease of 
fabrication. The Tolin Pylon features a cup 
and dish 4-way tilt system that's built right 
into the prosthesis. Once alignment is 
accomplished, the coupling can be 
imbedded with resin and sanded to a 
narrow profile for lamination, 
reinforcement and cosmetic treatment. To 

further assist you in fabrication the 
polyethylene cup and dish may be drilled, 
sawed, filed, sanded, nailed, riveted or 
taped — it's almost indestructible. 

Order the Tolin Pylon today and see 
how weight has nothing to do with 
strength and stability. 

U N I T E D S T A T E S 
M A N U F A C T U R I N G C O . 
P O Box 110, 623 South Central Avenue 
Glendale, California 91209, U S A 
Phone (213)245-6855 Cable LIMBRACE 
TWX No 910-497-2279 
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FOURTH ANNUAL 
ROUNDUP SEMINAR 

CASSETTES 
These cassettes are not tape-slide presentations, as it proved impractical to develop such a program at the 

seminar. An attempt will be made to have tape slide presentations available from future seminars. 
The above cassettes will however be accompanied by a limited number of pictures a n d / o r illustrations which 

the speaker believes necessary for the understanding of the presentation. 

FIRST SCIENTIFIC S E S S I O N 

S78-1 REHABILITATION ENGINEERING $ 6.50 
A N D THE O R T H O T I S T / 
PROSTHETIST—Anthony Staros 
A A O P - V A CLINICAL EVALUATION 
OF NEW DEVICES - Bert Goralnik, 
C P . 

S78-2 PLASTER C A S T I N G TECHNIQUES $ 6 . 5 0 
IN O R T H O T I C S — Richard D. Koch, 
C O . 

S E C O N D SCIENTIFIC S E S S I O N 

S78-3 THE O R T H O T I S T : C O N C E P T S OF $ 6.50 
P O S T BURN M A N A G E M E N T -
Albert Feldman, C O . 

S78-4 A NEW O R T H O T I C C O N C E P T IN $ 6.50 
NON-OPERATIVE T R E A T M E N T OF 
IDIOPATHIC S C O L I O S I S - John 
Glancy, C O . 

FIRST SUPPLIER S E S S I O N 

S78-5 PROFESSIONAL A N D T E C H N I C A L $ 6.50 
A S P E C T S OF T H E R M O - P L A S T I C S 
O R T H O T I C S - Alan R. Finnieston, 
C . P . O . 

S78-6 DYNA-PLEX REPAIRS - IN THE $ 6.50 
FACILITY - N O T A T THE 
F A C T O R Y & A LIGHTWEIGHT 
ABOVE-KNEED P R O S T H E S I S WITH 
A N A D J U S T A B L E S O C K E T -
George P. Irons, C . P . O . 

S78-7 M E A S U R I N G TECHNIQUES FOR $ 6.50 
A N A C C U R A T E FITTING OF THE 
P R O S T H E T I C S O C K - Hugo C . 
Belzidsky 

T H I R D SCIENTIFIC S E S S I O N 

S78-8 THEORY OF MYOELECTRIC A N D $ 6.50 
SWITCH C O N T R O L - Dudley S. 
Childress, Ph.D. 
CLINICAL EXTERNAL POWER 
A P P L I C A T I O N IN O R T H O T I C S 
A N D P R O S T H E T I C S - H. Richard 
Lehneis, Ph.D. , C . P . O . 

FOURTH SCIENTIFIC S E S S I O N 

S78-9 SELECTED C A S E S - A D U L T UPPER $ 6.50 
LIMB PROSTHESES - Kurt 
Marschall, C P . 
SELECTED C A S E S - PEDIATRIC 
UPPER LIMB PROSTHESES -
George B. Robinson, C P . & Prestin 
James, M . D . 
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S E C O N D SUPPLIER S E S S I O N S78-14 EQUIPMENT NEEDS - William M. S 6.50 
Brady, C P . 

578-10 FITTING CLEAR C H E C K S O C K E T S S 6.50 LOWER EXTREMITY O R T H O T I C S 
— J . D . McNeill, C . P . O . , H . J . — Melvin Stills, C O . 
Panton. C . P . O . & Ted Thranhardt, 

— Melvin Stills, C O . 

C . P . O . S78-15 UPPER EXTREMITY O R T H O T I C S - S 6.50 
Richard D. Koch, C O 

S78-11 O T T O B O C K M O D U L A R SYSTEM $ 6.50 SPINAL O R T H O T I C S - Edward P. 
FOR HIP-DISARTICULATION: Van Hanswyk, C O . 
C A S T I N G , S O C K E T DESIGN A N D 

Van Hanswyk, C O . 

A L I G N M E N T - John Hendrickson S78-18 HEXCEL1TE TEMPORARY S 6.50 
PROSTHESES - Richard T. Voner, 

S78-12 FABRICATION WITH FOAM - S 6.50 C . P . O . & Michael J . Quigley, C . P . O . 
Hosmer-Dorrance Corporation ULTRA-LITE PTB - George Irons, 

C . P . O . & Michael J. Quigley, C P . O . 
S78-13 THE UC-BL PNEUMATIC SWING S 6.50 

C . P . O . & Michael J. Quigley, C P . O . 

PHASE C O N T R O L - DESIGN RQ-212 P A N A S O N I C DELUXE S79.95 
C O N S I D E R A T I O N S A N D C O M P A C T C A S S E T T E RECORDER 
D Y N A M I C T E S T RESULTS - DELUXE 12-CASSETTE S T O R A G E $ 4.00 
Hosmer-Dorrance Corporation C A S E 

C O M P L E T E SET - 1978 A A O P $91.00 
FIFTH SCIENTIFIC S E S S I O N C A S S E T T E S (includes storage cases) 

Any 7 Cassettes for only $39.00 (1 FREE) Any 12 Cassettes for only $65.00 (2 FREE) 

Fit all standard cassette recorders 

Unconditionally warranted against 
defects. Prompt replacement upon 

receipt b y Eastern Audio 

J Send all orders to: A A O P C f l v 
j Eastern Audio Associates Inc B 

"505 Bew> Road, j 

! Columbia Maryland 2104b j 

j N A M E | 
i • S78-1 • S78-7 • S78-13 A D D R E S S 

! • S78 -2 • S78-8 • S78-14 

i • 578-3 • 578-9 • 578-15 CITY S T A T E 

i n 578-4 ' • 578-10 • 578-lb | 
578-5 • S78-11 ZIP TELEPHONE 

i • S78-6 • S78-12 ; 
MAKE C H E C K S 

! PAYABLE T O 

! EASTERN A U D I O 
; SI .00 Postage & Handling on all orders | 

i Enclosed please f i n d m y r h e r k » in I b e a m o u n l ot 5 
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Having O & P Production 
Problems? 

Try our Central Fabrication and you can spend more of your valuable time with patients. 

IT WORKS! 

l l i r * l WASHINGTON 4 0 PATTERSON ST.. N.E. 
m V V # ^ O R M , ^ V ; ' 1 W N I WASHINGTON, D.C. 20002 I", PROSTHETIC (202) 628-1037 Î̂ P̂  SUPPLIES XIX 



The Convertible Crotch. It's a §nap. 

C i O f . h n i H i 

C i n c i n n a n O h i o 4 5 7 0 9 
5 1 3 7 7 1 4 5 9 4 
t W > o l O 4 6 1 7 4 6 9 

S a o t - M ' u « n 
4 4 8 V < . w i y A v e 
S o S a n f r d r a . i s c o CuU 
9 4 ( 1 8 0 4 1 5 7 6 1 3 3 3 5 
T W X 9 1 0 3 7 1 7 7 0 8 

Another first from Truform The | 
31 l5sacro-lumbargarmentwith J 
unique nylon convertible crotch J 
piecetoallow snap-m, snap-out I 
chotceofapaniystylegarmentor I 
standard girdle • 

50% cotton 50% polyester 3 

construction by New York designer 
Marguerite Williams, features j 
Jacquard design figured cloth. J 
Elastic releases top & bottom with I 
nylon Tricot "under lacing for a I 
smooth, comfortable fit Well 3 

cupped under the buttocks. Front 
14J4".Back 17" Dev.9".3pull. 
2steels.Hipsizes30-48. C 

^^^^^^^^^^^^^^^^ 

R u t h e O o f d N J 
r'fl^ h t o h t t p a C i o w 
R u t h e r f o r d N J 0 7 0 7 0 
7 0 1 4 3 8 4 1 3 ? 
r w x 7 1 0 9 8 9 0 7 1 ? 
m O i r w d r t C o n t a c t 
A x v i d y S u r g r a i 
A p c w i d n c a s l t d 
O t u . v . i O n a i w 
K i R S i e 

1 1 1 , . , - , panly 

3115 AS gifdlu 

When betler garrr 
Truform will mak€ 



FOR FIT & COMFORT OUR FAMOUS ROVER 
"THE BRACE SHOE" 

• L E A T H E R S O L E & H E E L 
• L O N G C O U N T E R 
• E X T R A S T R O N G S T E E L S H A N K 
• G O O D Y E A R W E L T C O N S T R U C T I O N 

Sizes: 5-12 in varying widths, 
leather upper. 
Colors: Black, White, Beige, 
Blue, Green & Taupe Gluv. 
Brown Demi-Llama 

DREW SHOE COMPANY 
252 Quarry Road 

Lancaster, Ohio 43130 

O t h e r Patterns A l s o Ava i lab le 
For Brace W o r k 
Please Send For Our In Stock Catalog 

NEWSLETTER • • • Prosthet ics and Or tho t i cs Cl in ic 

A quarterly publication providing the means for interdisciplinary discussion among physicians, therapists, 
and practitioners. Its eight pages contain important articles, spirited dialogue, and a sense of shared discov­
ery, making it a valuable publication. 

Enclosed is my check for $8.00 for a 1 -year subscription to the Prosthetics and Orthotics Clinics Newsletter. 
(Foreign Subscription Price is $9.00) 

Mail to: 
AAOP 
1444 NStreet, N.W. 
Washington, D.C. 20005 

Name 
Address 
City Slate Zip 
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AMPUTEE COMFORT INSURANCE * * * * 
Minor skin irritations are i n e v i t a b l e , 
e v e n from the best fit prosthesis . 
A d a b of AMP AID w i l l r e l i eve the irr i tat ion, 
reduce further chaf ing a n d restore 
the a m p u t e e ' s conf idence . 

A trial s ize tube of AMP AID costs so little. 
E n c o u r a g e your pat ients to p u r c h a s e this i n s u r a n c e . 

^ ^ ^ ^ S U P P L Y C o . 

PROSTHETIC AND ORTHOTIC PARTS AND SUPPLIES 

Paul E. Leimkuehler, President 
4666 MANUFACTURING ROAD, CLEVELAND, OHIO 44135 

CALL TOLL FREE (800) 321-1264 



CHAIR BACK BRACES 
Lumbosacral A-P & ML Control Orthosis 

WITH REGULAR PELVIC BAND 

UCK VIEW 

With Regular Pelvic Band. Covered with white Karad, 
with Vs" foam plastic and lined with pearl cowhide anti-
perspirant treated. Aluminum back & side bars, pelvic & dorsal 
bands. 

2B-2211-SM 
2B-221I-MD 
2B-2211-LG 
2B-2211-XL 

Hip Measurement 
Small 28" to 3 1 " 
Medium 32" to 35" 
Large 36" to 39" 
X-Large 40" to 43" 

Dorsal Pelvic 
Band Band Height 
14" 18" n w 
16" 20" 12W 
18" 22" 13%" 
20" 24" 14%" 

FRONf VIEW 

WITH SHALLOW BUTTERFLY BAND 
With Shallow Butterfly Band. Covered with white Karad, padded 
with Vs" foam plastic and lined with pearl cowhide anti-perspirant 
treated. Aluminum back & side bars, pelvic & dorsal bands. 

Hip Measurement 
2B-2212-SM Small 28" to 3 1 " 
2B-2212-MD Medium 32" to 35" 
2B-2212-LG Large 36" to 39" 
2B-2212-XL X-Large 40" to 43" 

Dorsal 
Band 
14" 
16" 
18" 
20" 

Pelvic 
Band 
18" 
20" 
22" 
24" 

Height 
12" 
13" 
14" 
15" 

WITH DEEP BUTTERFLY BAND 
With Deep Butterfly Band. Covered with white Karad, 
with Vs" foam plastic and lined with pearl cowhide anti-perspirant 
treated. Aluminum back & side bars, pelvic & dorsal bands. 

I.1IB1.ST 
Hip Measurement 

Small 28" to 3 1 " 
Medium 32" to 35" 
Large 36" to 39" 
X-Large 40" to 43" 

Dorsal 
Band 
14" 
16" 
18" 
20" 

Pelvic 
Band 
18" 
20" 
22" 
24" 

Height 
12" 
13" 
14" 
15" 

2B-2213-SM 
2B-2213-MD 
2B-2213-LG 
2B-2213-XL 

NOTE: Pelvic and Dorsal Bands are made from .071 x 2024-T3 
Hard Alloy Aluminum. Back and Side Bars are V4" x Vz" 
2024-T4 Aluminum. 

Side Bar length is 1 " shorter than back bar. 

SPECIAL SIZES AVAILABLE ON MADE-TO-ORDER BASIS 

E*i FOR QUALITY I k n i t - r i t e . inc . 
*W ik< n n r u n c i c I PO BOX 208, KANSAS CITY, MO. 
W I N ( J H T H C J b l b I PHONE I B 1 6 I 231-OJ06—TOLL FREE: (800) 
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