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Now you can have VELCRO Splint Straps 
always where you want them. 

VELCRO Splint Strap Fasteners in 
convenient packs. 
Time saving, instantly attachable straps have 
section of pressure sensitive adhesive back
ing. Infinitely adjustable, long life VELCRO 
hook and loop fasteners permit easy open
ing for examination, reclose instantly and 
securely; strap remains attached to splint, 
eliminating need for new tapes. Use with 
formed plastic or metal splints, arm boards , 
or emergency splints, bi-valved casts. Avail
able in a variety of lengths. 
Contact your supplier today 
IMPORTANT TO REMEMBER: AH 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. 

SMALLEY & BATES, 
220 Little Fails Road 
Cedar Grove, NJ 07009 
201/239-9014 

EXCLUSIVE DISTRIBUTORS OF VELCRO 
PRODUCTS FOR HEALTH CARE. 



CASH Manufacturing Co. 

The A-F™ Orthosis 
A brand new wire AFO! 

Fully adjustable 
Variable dorsiflexion 
Telescoping height adjustment 
Universal size (right or left) 
No need to drill shoe or remove heel 
Can be applied and transferred in seconds! 
Packed in a white box complete with fitting tool and 
instructions. 

Price Reduction! 
The CASH™ ORTHOSIS 
$49.0010 or more $45 M * 

The CASH™ Orthosis 
"New — Improved" 

Comfortable 
Light weight 

Cosmetic 
Simple 

"Unequivocally paramount among anterior hyperextension 
orthoses!" 

1-800-447-3546 
Illinois call collect 309-829-0673 

CASH Manufacturing Co. 
205 South Evans Street 
Bloomington, IL61701 



OTTO BOCK 

BURLINGTON 

CAMP 

CAMPBELL-CHILDS 

CASH MFG 

DOW CORNING 

DURR-FILLAUER 

FOSTER MFG CO 

GENERAL TIRE 

GRIEVE CORP 

HOSMER/DORRANCE 

JOHNSON & JOHNSON 

KINGSLEY 

KNIT-RITE 

LACAL SURGICAL 

OHIO WILLOW WOOD 

SAND-RITE 

SMALLEY & BATES 

SUTTON SHOE MACHINERY CO 

UNITED STATES MFG CO 

USS CHEMICALS 

WATERHOUSE LEATHER CO 

H. WENIGER 

TWO DISTRIBUTION CENTERS 
ATLANTA — DALLAS 

TWO FABRICATION LABORATORIES 
ATLANTA — ORLANDO 
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4R39 - 4R40 Torque Absorber 
for OTTO BOCK Modular Leg Prostheses 

The addition of the 4R39 - 4R40 Torque Absorber assists the amputee in 
achieving a more natural and efficient gait, by replacing the functional loss 
of transverse rotation. 

The Torque Absorber allows transverse rotation to take place distal to and separate 
from the socket, thus reducing shear forces on the residual limb. 

Biomechanics of 
Human Gait: 
Through the study of kinesiology we 
have learned that walking is a com
plicated process, combining six basic 
determinants of gait - pelvic rotation, 
pelvic tilt, knee flexion after heel strike, 
foot and ankle motion, knee motion 
and lateral pelvic motion. Viewed from 
above, the anatomical components of 
the lower limb also rotate in relation to 
one another about the long axis of the 
limb in the transverse plane. 

Progressive spiral INTERNAL ROTA
TION of the lower limb starts in swing 
phase and continues to midstance, 
followed by a reversal of direction into 
EXTERNAL ROTATION as the foot 
prepares to leave the ground. 

Effects of 
Amputation: 
As a result of amputation, the torsion 
generated by the transverse rotations 
is no longer completely absorbed by 
the remaining joints of the lower limb. 
Some of this torsion is therefore trans
ferred to the interaction of the socket 
interface and the residual limb, 
causing shear forces on the skin. 

To avoid the shearing effect, the am
putee may compensate with a 
pathological gait. The higher the 
amputation, the greater is the poten
tial for deviation from the normal gait 
pattern. This gait deviation causes 
fatigue due to its inefficiency. 

Patient Benefits: 
The addition of the Torque Absorber 
can reduce the magnitude of the shear 
forces on the residual limb, and the 
abruptness of these forces. This is par
ticularly important for patients with 
scar tissue and prosthetic-related skin 
problems. 

By providing an additional degree of 
freedom of motion, the Torque Ab
sorber allows a smoother shift of the 
patient's weight over the prosthesis. 
This also helps to improve the ap

pearance and efficiency of the ampu
tee's gait. An efficient gait reduces 
fatigue and allows the patient to wear 
the prosthesis a longer period of time. 

The turning and twisting activities of 
daily living are 
made easier and 
smoother by the 
use of the Tor
que Absorber. It 
allows the active 
amputee to per
form a wider 
range of ac
tivities such as 
tennis, bowling, 
and d a n c i n g . 
Less strain is 
placed on the sound limb during these 
activities, and the residual limb should 
be in much better condition after a 
busy day. 

Design Advantages 
For The 
Prosthetist: 
• Compact - only 25 mm overall 

height, 45 mm diameter. 
• A wide range of Torque adjust

ability. 
• Two types are available to fit many 

levels of amputation. 
• Coupled with the connection 

module design, it is easy to install, 
and it offers alignment adjust
ability. 

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

4130 Highway 55 
Minneapolis, MN 55422 

OB-USA 1 M 1 Pr inted in U S A 



Ad Index and Hotline 
Adver t i se r s are e n c o u r a g e d to s u b m i t 
I n d e x a n d H o t l i n e . 

B e c k e r O r t h o p e d i c 71 
8 0 0 - 5 2 1 - 2 1 9 2 

O t t o B o c k O r t h o p e d i c Indust ry , I n c . . . 4 
8 0 0 - 3 2 8 - 4 0 5 8 

C A S H Manufac tu r ing 1 
8 0 0 - 4 4 7 - 3 5 4 6 

D r e w S h o e 70 
614 -653 -4271 

Durr -F i l lauer Med ica l 77 
8 0 0 - 2 5 1 - 6 2 9 8 

Flor ida Brace 75 
Mr . B e n M o s s 
3 0 5 - 6 4 4 - 2 6 5 0 

King l sey Manufac tur ing 78 
Mr . Jeff K ings l ey 
8 0 0 - 8 5 4 - 3 4 7 9 

o f contact p e r s o n s for i n c l u s i o n in t h e A d 

Kn i t -R i t e C-3 
8 0 0 - 8 2 1 - 3 0 9 4 

P E L Supp ly C o 80 
C u s t o m e r S e r v i c e 

8 0 0 - 3 2 1 - 1 2 6 4 
In O h i o , p lease call collect 

2 1 6 - 2 6 7 - 5 7 7 5 

Phys ica l Suppor t S y s t e m s 8 
603 -432 -7702 

Smal ley a n d Ba tes C-2 
Mr . L o u K a n y a 
2 0 1 - 2 3 9 - 2 0 1 4 

S o u t h e r n Pros the t ics 2 
C u s t o m e r Se rv i ce 
800 -241 -1892 

U . S . Manufac tur ing C o 12 , 79 
213 -796 -0477 



Meetings and Events 
P l e a s e not i fy the Na t iona l Of f i ce i m m e d i a t e l y conce rn ing add i t iona l m e e t i n g dates . I t i s 
impor t an t to s u b m i t m e e t i n g no t i ce s as ear ly as p o s s i b l e . In t he case o f R e g i o n a l M e e t 
i n g s , it i s impera t ive to c h e c k w i t h the Na t iona l Of f i ce pr ior to conf i rming date to avoid 
conf l i c t s i n s c h e d u l i n g . 

1 9 8 3 , Apr i l 6 - 8 , Fi rs t Eu ropean Confe rence 1 9 8 3 , M a y 1 2 - 1 4 , A O P A R e g i o n s II a n d III 
on Resea rch in Rehab i l i t a t ion , Ed in - C o m b i n e d M e e t i n g , C o l o n i a l W i l -
b u r g h , Sco t l and , Un i t ed K i n g d o m . l i amsburg , Wi l l i amsburg , V i rg in i a . 

1983 , A p r i l 1 4 - 1 6 , A O P A R e g i o n I and the 
A A O P N e w Eng land Chap te r C o m b i n e d 
M e e t i n g , B o s t o n Mar r io t t , N e w t o n , 
Massachuse t t s . 

1 9 8 3 , Apr i l 1 6 - 1 7 , A B C Wr i t t en E x a m s , 
P ros the t i c s -Or tho t i c s , 3 s i tes : 

A M F A C Hotel , San Francisco, Cali
fornia 

Hol iday Inn O 'Hare-Kennedy, Chicago, 
Illinois 

Ramada Inn, Old Town, Alexandria, 
Virginia 

Contac t : A B C Nat iona l Headquar t e r s , 
7 0 3 - 8 3 6 - 7 1 1 4 . 

1 9 8 3 , A p r i l l 6 - 1 7 , Bly theda le Ch i ld ren ' s 
Hosp i ta l , " F o o t M a n a g e m e n t in C . N . S . 
D i so rde r s , Lec ture and P r a c t i c u m , " Val
hal la , N e w York. Contac t : Bly thedale 
C h i l d r e n ' s Hosp i ta l , 95 Bradhurs t Av
e n u e , Valhal la , N e w York 10595 , At tn: 
L i n d a F i eback , 9 1 4 - 5 9 2 - 7 5 5 5 . 

1983 , Apr i l 1 8 - 2 0 , Fracture Brace S e m i n a r , 
U C L A , Los A n g e l e s , Cal i fornia . Contact : 
U C L A Pros the t i c s -Or tho t i c s Educa t ion 
P rog ram, R o o m 2 2 - 4 6 , Rehab i l i t a t ion 
C e n t e r , 1 0 0 0 V e t e r a n A v e n u e , L o s 
A n g e l e s , Cal i fornia 9 0 0 2 4 , 2 1 3 - 8 2 5 - 6 3 4 1 . 

1983 , Apr i l 2 1 - 2 3 , Un ive r s i ty of Texas S c i 
e n c e C e n t e r at Dal las , Schoo l o f Al l ied 
Hea l th S c i e n c e s and A A O P J o i n t S e m i 
nar , " O r t h o t i c M a n a g e m e n t o f Frac
tu r e s , " Ho l iday Inn Brookho l low, Dal
las , Texas . Contac t : S c h o o l of Al l ied 
Heal th S c i e n c e s , T h e Un ive r s i ty o f Texas 
Hea l th S c i e n c e s C e n t e r at Dal las , Pros
t h e t i c s - O r t h o t i c s , 5 3 2 3 H a r r y H i n e s 
B lvd . , Dal las , Texas 75235 . 

1 9 8 3 , M a y 5 - 7 , A O P A R e g i o n IV A n n u a l 
M e e t i n g , D o w n t o w n H o l i d a y I n n , 
J ackson , Mis s i s s ipp i . 

1983 , M a y 1 9 - 2 2 , A O P A R e g i o n V A n n u a l 
M e e t i n g , Stouffers D u b l i n Hote l , Col 
u m b u s , O h i o . 

1983 , M a y 2 5 - 2 8 , A O P A R e g i o n s VI I , VII I , 
X a n d XI C o m b i n e d M e e t i n g , Four S e a 
s o n s M o t o r Hote l , San A n t o n i o , Texas . 

1 9 8 3 , J u n e 3 - 5 , A O P A R e g i o n I X , C O P A , 
and the Cal i fornia Chap te r s of the A A O P 
C o m b i n e d A n n u a l M e e t i n g , Har rah ' s , 
S o u t h Lake T a h o e , Nevada . 

1983 , J u n e 7 - 1 0 , U C L A A d v a n c e d U p p e r 
E x t r e m i t y P r o s t h e t i c s S e m i n a r , L o s 
A n g e l e s , Cal i fornia . 

1983 , J u n e 1 2 - 1 6 , 6 th A n n u a l Confe rence 
on Rehab i l i t a t ion E n g i n e e r i n g , T o w n 
and Coun t ry Hote l , San D i e g o , Califor
n ia . 

1983 , J u n e 1 6 - 1 9 , A O P A R e g i o n VI a n d 
A A O P M i d w e s t Chap te r C o m b i n e d A n 
nua l M e e t i n g , O l y m p i a Resor t a n d S p a , 
O c o n o m o w o c , W i s c o n s i n . 

1983 , J u n e 1 9 - 2 3 , A m e r i c a n M e d i c a l A s 
soc ia t ion ' s A n n u a l M e e t i n g of the H o u s e 
of De lega tes , C h i c a g o Marr io t t Hote l , 
C h i c a g o , I l l inois . 

1983 , S e p t e m b e r 5 - 9 , In te rna t iona l Soc i e ty 
for P ros the t i c s and Or tho t ics I V Wor ld 
C o n g r e s s , Imper ia l Co l l ege , L o n d o n , 
U . K . Contac t : I S P O World C o n g r e s s Of
f ice , 3-5 Bu te St ree t , L o n d o n , S W 7 , 3 E Y 
Un i t ed K i n g d o m . 

1983 , O c t o b e r 2 5 - 3 0 , A O P A Nat iona l A s 
sembly , Hyatt Regency, Phoenix , Arizona. 
Contact: A O P A National Headquarters , 
703-836-7116. 

1 9 8 4 , J a n u a r y 2 5 - 2 9 , A A O P A n n u a l 
M e e t i n g and S e m i n a r , Du tch Resor t 
Ho te l , L a k e B u e n a V i s t a , O r l a n d o , 
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Flor ida . Contac t : A A O P Nat iona l Head 
quar te rs , 7 0 3 - 8 3 6 - 7 1 1 8 . 

1984 , Apri l 3 - 5 , C a n a d i a n Assoc i a t i on o f 
P r o s t h e t i c s a n d O r t h o t i s t s A n n u a l 
M e e t i n g , W e s t i n Baysho re Hote l , Van
couver , Br i t i sh C o l u m b i a , C a n a d a . 

1984 , Apri l 1 2 - 1 5 , R e g i o n I V A n n u a l 
M e e t i n g , Waver ly Hote l at the Gal ler ia , 
At lan ta , Georg i a . 

1984 , Apri l 1 9 - 2 2 , A O P A R e g i o n s V and VI 
C o m b i n e d A n n u a l M e e t i n g , A m w a y 
G r a n d P l a z a H o t e l , G r a n d R a p i d s , 
M i c h i g a n . 

1984, M a y 3 - 4 , A O P A R e g i o n s II a n d III 
C o m b i n e d A n n u a l M e e t i n g , C o n c o r d 
Hote l , K r a m e s h a L a k e , N e w York . 

1984, J u n e 1 - 3 , A O P A R e g i o n IX M e e t i n g , 
Har rah ' s , S o u t h Lake T a h o e , Nevada . 

1984 , J u n e 2 8 - 3 0 , A O P A R e g i o n s VI I , VI I I , 
X , and XI C o m b i n e d M e e t i n g , Nor th 
S h o r e C o n v e n t i o n Cen te r , L a k e C o e u r 
d 'Alene , Idaho . 

1984 , O c t o b e r 1 7 - 2 2 , A O P A - G e n e r a l A s 
s e m b l y a n d In t e rna t i ona l C o n g r e s s , 
F o n t a i n e b l e a u H o t e l , M i a m i B e a c h , 
Flor ida . Contac t : A O P A Nat iona l H e a d 
quar te rs , 7 0 3 - 8 3 6 - 7 1 1 6 . 
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YOU 
cant 
Beat 
The 

Original 
Though imitators keep 
trying, they still can't equal 
the original patented Boston 
Brace*System in the non-
operative treatment of 
Scoliosis Here's why: critical 
design criteria include intra-abdominal compres
sion, pelvic tilt and firm, total contact through 
the iliac crest to decrease excessive lordosis, 
distract and lock the pelvis, and unweight the 
lumbar spine These criteria are painstakingly 
incorporated into dimensionally uniform, 
symmetrical molds Production complements 
design: comfortable, hypo-allergenic foam liner 
decreases tissue slippage within the brace, built-
in iliac crest pads provide shock absorbency 
while allowing maximum distraction and locking 
of the intervertebral column: specially developed 
non-cracking orthopedic grade polypropylene is 
thermo-applied in various thicknesses to achieve 

the most practical 
balance of rigidity 
and lightweight 
But, making the 
world's most 

functional and cosmetically desirable Scoliosis 
brace isn't our only contribution We make the 
Boston Brace* module available only to Ortho
tists trained in the team approach (Doctor, 
Therapist, Orthotist) at worldwide Boston Brace* 
workshops sponsored by Children's Hospital 
Medical Center of Boston This extra step in
sures the most effective and comprehensive 
bracing treatment of Scoliosis Our 24 sizes 
of standard Boston modules will fit 95% of all 
adolescent Scoliosis cases up to level T-8; 
special sizes can be made to measurements 
within two days 

"The Boston Brace is covered by U S Patent #3871367 
and many foreign patents Boston Brace Modules are 
manufactured only by Physical Support Systems. Inc . 
and distr ibuted in the United States. Canada and Mexico 
by Physical Support Systems, Inc., and Prosthetic and 
Orthotic Supply Company of Portland, Oregon 

Physical 
Support Systems, inc. 
6 Ledge Road, Windham, NH 03087 Tel. 603-432-7702 

The Boston Brace* Company 
FLEXAFORM" BACK BRACES • CUSTOM CTLSO and TLSO BRACES • POST-OP BODY JACKETS 
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INFORMATION FOR AUTHORS 

ORTHOTICS AND PROSTHETICS 

INVITES THE SUBMISSION OF ALL ARTICLES AND MANUSCRIPTS 

WHICH CONTRIBUTE TO ORTHOTIC AND 

PROSTHETIC PRACTICE, RESEARCH, AND 

EDUCATION 

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

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

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

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

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

PREPARATION OF MANUSCRIPT 

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

PREPARATION OF ILLUSTRATIONS 

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

granted. 

NOTES: 
—Manuscripts are accepted for exclusive publication in ORTHOTICS AND PROSTHETICS. 
—Articles and illustrations accepted for publication become the property of ORTHOTICS AND PROSTHETICS. 
—Publication of articles does not constitute endorsement of opinions and techniques. 
—All materials published are copyrighted by the American Orthotic and Prosthetic Association. 
—Permission to reprint is usually granted provided that appropriate credits are given. 
—Authors will be supplied with 1 2 reprints. 



Request for Articles and Ideas for the Technical Issue of 
Orthotics and Prosthetics 

A special issue of the AOPA journal, Orthotics and Prosthetics, scheduled for Fall, 1983, will 
be devoted entirely to the technical aspects of orthotics and prosthetics—fabrication tech
niques, special tools, alignment techniques and devices, etc. A less stringent editorial process 
will be used to judge articles submitted for this publication since actual patient management 
procedures will not be discussed. 

AU orthotists and prosthetists are encouraged to send in their ideas and inventions. Black 
and white glossy print photographs are required for all articles describing new tools or other 
devices. 

Following are a few areas that will be covered: 
1. Reinforcing techniques in orthotics and prosthetics 
2. Special tools developed to assist in fabrication 
3. Special tools or techniques developed to assist in casting or fitting 
4. Materials used in fabrication to improve cosmesis 
5. Padding techniques and materials 
6. Finishing techniques—smoothing, painting, etc. used to improve the finish 
7. Fabrication shortcuts 
8. Modifications to existing tools and instruments 
9. Laboratory layout and design 

10. Patient room layout and design 
11. Specially equipped vans or cars for hospital visits 
12. Other techniques and inventions 

Please submit all ideas to Christopher R. Colligan, Managing Editor, Orthotics and 
Prosthetics, 717 Pendleton Street, Alexandria, VA 22314 

AOPA's Authors Assistance Program 
offers 

Review of an idea or abstract before the article is written; 
Assistance in writing, organization, style and grammar; 

Tips on providing tables, photos and illustrations. 

Unsure of your idea? Unsure of your writing skills? 
Participate in the Program! 

Share your knowledge with the rest of the profession! 

Contact: Michael Quigley, C P O 
Oakbrook Prosthetics & Orthotic 

Services, Inc. 
Medical Arts Centers 
1634 S. Ardmore Street 
Oakbrook Terrace, Illinois 60181 
(312) 620-5333 

or 
The National Headquarters 
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LERMAN 
MULTI-LIG AM ENTUS 

KNEE CONTROL ORTHOSIS 

The Lerman Multi-Ligamentus™ Knee Control Orthosis 
controls knee motion and provides: medio-lateral 
stability, anterior-posterior stability, derotational-
rotational control and patellar tracking. 

TM Two completely pre
fabricated models are 
now available. 
The adjustable model 
may be used to control 

knee flexion and extension to any 
desired degree while the free knee 
model is used when knee joint 
motion need not be restricted. 
Available in four sizes, left and 
right, the Lerman Multi-Ligamentus" 

Knee Control Orthosis may be 
applied to most patients right 

off the shelf. It's easy to 
apply and remove, may be fit 
without precise measuring de
vices or techniques and is 

easily contoured to achieve an 
excellent fit without disturbing 

knee joint alignment. 

Adjustable Model Product Numbers: 
Small-Right—A16-6RS-M000 
Medium-Right—A16-6RM-D000 
Large-Right—A16-6RL-GO00 
X-Large-Right— A16-6RX-L000 
Small-Left—A16-6LS-M000 
Medium - Left—A16-6LM-D000 
Large - Left—A16-6LL-G000 
X-Large-Left— A16-6LX-L000 

Free Knee Model Product Numbers: 
Small- Right—A16-6RS-M001 
Medium-Right—A16-6RM-D001 
Large-Right—A16-6RL-G001 
X-Large-Right— A16-6RX-L001 
Small-Left—A16-6LS-M001 
Medium-Left—A16-6LM-D001 
Large-Left—A16-6LL-G001 
X-Large-Left— A16-6LX-L001 

United States Manufacturing Company 
180 North San Gabriel Blvd , p o Box 5030, 
Pasadena, California 91107 U S.A (213) 796-0477 
Cable: LIMBRACE, TWX No : 910-588 1973 



Pitfalls in the Use of the Pavlik 
Harness for Treatment of Congenital 
Dysplasia, Subluxation, and 
Dislocation of the Hip 
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(Reprinted from J o u r n a l of Bone and Joint Survery Vol. 63-A, No. 8, pp. 1239-1248, October 
1981.) Copyrighted 1981 by the Journal of Bone and Joint Surgery, Inc. Printed in U.S.A. 

Abstract : W e rev iewed the records of 
treatment of e ighteen infants with con
genital dysplas ia , subluxat ion , o r dis loca
t ion of the h ip w h o h a d prob lems wi th the 
involved h ip fol lowing treatment wi th the 
Pavl ik harness . T h e most c o m m o n p r o b 
lem (seen in twelve pat ients with a dislo
cated hip) w a s failure to obtain reduct ion . 
This fai lure w a s at tr ibuted pr imari ly to 
i m p r o p e r use of the harness by the phys i 
c ian. In s o m e pat ients , three to five m o n t h s 
e lapsed before the physic ian recognized 
the lack of reduct ion . In nine pat ients , a 
Pavl ik harness of p o o r qual i ty a n d con
struct ion a d d e d to both the physic ian's and 
the patient's prob lems , and in six pat ients , 
p o o r pat ient compl iance wi th the use of the 
harness w a s partial ly responsible for the 
fai lure. In three pat ients w h o w e r e ini
tially treated in the Pavl ik harness , avas 
cular necros i s o f the h ip subsequent ly de 
ve loped , in t w o fol lowing o p e n reduct ion 
and in one after c losed reduct ion and cast 
appl icat ion. 

T h e physic ian's indicat ions for use and 
appl icat ion of the harness must be a p p r o 
priate . T h e chi ld mus t b e examined fre
quent ly out of the harness both clinically 
a n d r o e n t g e n o g r a p h i c a l l y . F a i l u r e to 
achieve reduct ion o r adductor relaxat ion 
mus t be recognized prompt ly a n d dealt 
wi th immediate ly . 

In the twenty- four years s ince Pavlik first 
reported its use in 1,912 pat ients , the Pav
lik harness h a s been used widely as an 
orthot ic device for the m a n a g e m e n t of con
genital dislocation of the hip. 

W h e n appropriate ly applied, the har 
ness prevents adduct ion a n d extens ion of 
the hip while al lowing further flexion, ab
duct ion, and rotat ion. This pos i t ion and 
mot ion are des igned to aid the gentle, 
spontaneous reduct ion of the dislocated 
hip and acetabular deve lopment of the 
dysplast ic h i p 2 , 4 , 6 . The purpose of this 
s tudy w a s to rev iew the use of the Pavlik 
harness b y phys ic ians in our c o m m u n i t y 



and to ident i fy the compl ica t ions a n d pit
falls encoun te red in i ts use . 

MATERIAL AND METHODS 
T h i s r ev i ew is a repor t o f the expe r i ence 

of the o r thopaed ic surgeons at t he Un ive r 
s i ty o f Cal i fornia at San D i e g o affiliated 
hospi ta ls in the use o f the Pavl ik ha rness in 
t reat ing congen i ta l d is locat ion o f the h ip . 
T h e n a m e s of the pat ients to w h o m Pav
l ik h a r n e s s e s h a d b e e n p resc r ibed dur ing 
the pe r iod o f 1975 through 1979 were o b 
ta ined from the or thot ic agenc ies in t he 
San D i e g o area. Addi t iona l ly n a m e s also 
were o b t a i n e d from o r thopaed ic su rgeons , 

c l in ics , a n d hosp i ta l s w h o e i the r supp l ied 
or cons t ruc ted thei r o w n Pavl ik ha rnesses 
for d i s t r ibu t ion to pa t ien ts . 

T h e records a n d roen tgenograms o f 110 
pa t i en t s w e r e r ev i ewed . E igh teen pa t ien ts 
wi th congen i ta l dysplas ia , sub luxa t ion , o r 
d is locat ion o f the h ip in w h o m p rob l ems 
deve loped rela ted to the Pavl ik ha rness and 
i t s p roper u se w e r e ident i f ied . T h e s e pa
t ients w e r e d iv ided in to two groups b a s e d 
o n the i r ages at the t ime of d i agnos i s . In 
G r o u p I t he d iagnos i s w a s m a d e in t he 
n e w b o r n pe r iod . T h e p rob lem h ip was 
class i f ied as d is loca table o r d is located 
b a s e d on the t rea t ing or thopaedis t ' s c l in i 
cal e x a m i n a t i o n o f the pat ient . In Group II 

TABLE I 
Group-I Patients 



the d i agnos i s w a s m a d e after t he age o f o n e 
m o n t h ( range , o n e to ten m o n t h s ) . T h e s e 
p rob l em h i p s w e r e classif ied as hav ing 
ace tabula r dysplas ia , sub luxa t ion , o r d is 
loca t ion , d e p e n d i n g o n the appearance o f 
the pa t i en t ' s in i t ia l r oen tgenograms . 

T h e major p r o b l e m s that h a v e b e e n re
por ted to occur w i t h the u se o f th is dev ice 
for t he t rea tment o f congen i t a l d is locat ion 
o f the h i p are failure to ach ieve a concen t r i c 
reduction and avascular n e c r o s i s 3 , 5 , 7 9 . O t h e r 
p r o b l e m s that w e encoun te red w e r e de
layed ace tabula r deve lopmen t , fai lure to 
s t re tch the h i p adductors , femora l -nerve 
palsy , and infer ior d is locat ion. T h e reasons 
for these p rob l ems w e r e de t e rmined and 
c lass i f ied as b e i n g due to: 

1. T h e p h y s i c i a n — T h e phys i c i an ' s in
d ica t ions for the u se o r appl ica t ion o f the 
ha rness w e r e inappropr ia te . In s o m e cases 
the Pavl ik ha rnes s u sed w a s o f poor -
qua l i ty des ign and a l lowed i n a d e q u a t e 
cont ro l of h i p pos i t ion . 

2 . T h e p a r e n t s — T h e parents fai led to 
have the ch i ld w e a r the ha rness o r u se it 
proper ly . 

3. I d i o p a t h i c — N o phys i c i an or parenta l 
fault w a s ev iden t , a n d o the r r easons could 
not b e ident i f ied . 

RESULTS 
E i g h t e e n pa t ien ts w e r e iden t i f ied as 

h a v i n g failures o f t r ea tment fo l lowing use 
o f the Pavl ik ha rnes s . 

Group I 
In G r o u p I there w e r e n i n e pa t i en t s w h o 

w e r e d i agnosed as h a v i n g d is loca table or 
d is located h i p s at b i r th (Table I ) . In n o in
s tance d id the t reat ing or thopaedis t ' s i n i 
tial r ecorded examina t i on ind ica te w h e t h e r 
a d is located h i p w a s reduc ib le or not . T w o 
o f the n i n e pa t ients h a d bi la tera l d is located 
h i p s , a n d o n e h a d bi la teral d is loca table 
h ips . Fo l lowing appl ica t ion o f t he ha rness , 
r oen tgenog rams w e r e m a d e for e igh t o f the 
n i n e pa t ien ts . Fai lure to ach ieve concen t r i c 
reduc t ion wi th the ha rness w a s the major 
p rob l em in all n i n e pa t i en t s . O n e pa t ien t 
(Case 1) also h a d a t rans ien t femoral -nerve 
palsy . 

In six o f t he se pa t i en t s , the a m o u n t o f h ip 
f lexion o b t a i n e d in the ha rness as deter
m i n e d o n the roen tgenogram n e v e r was 
sufficient to direct the femoral head to
ward the t r i radiate cart i lage. In f ive pa
t ients a Pavl ik ha rnes s of poor -qua l i ty con
s t ructed w a s used , w h i c h a l lowed adduc
t ion and in ternal rota t ion o f t he h ip . 
Fu the rmore , i n all n i n e pa t ien t s three to 
five m o n t h s pa s sed before the phys i c i an 
r ecogn ized that the h i p w a s no t reduced . 
All o f these n i n e pa t ien t s s u b s e q u e n t l y re 
qu i red t ract ion, genera l anes thes i a , reduc
t ion , a n d a sp ica cast . S i x of the n i n e pa
t ien ts eventua l ly r equ i r ed an o p e n reduc
t ion. In three pa t ien ts avascular necros i s 
s u b s e q u e n t l y deve loped , fo l lowing o p e n 
reduc t ion in two and after c losed reduc
t ion in o n e . 

Group II 
In G r o u p II , failure to ob t a in reduc t ion 

w a s the p r o b l e m in four o f n i n e pa t ien t s for 
r e a s o n s s imi l a r to t h o s e in G r o u p I 
(Table I I ) . In C a s e 17, a t en -month-o ld 
b o y , a t t empted reduc t ion o f bi la teral d is
location failed. Th is pat ient d id not ob ta in 
adequa t e h i p f lexion in the ha rnes s and 
w a s at the uppe r l imi t o f t he age recom
m e n d e d for u s e o f the h a r n e s s 4 . Fur ther
m o r e , t he s i x -week trial o f spon taneous re
duct ion in t he ha rness w a s too long. In 
C a s e 1 6 , the p roper degree o f h i p f lexion 
first a ch i eved reduc t ion , b u t excess ive 
f lexion then p roduced an infer ior (ob 
turator) d i s loca t ion . In three o the r pa t ients 
the h ip adductors r e m a i n e d cont rac ted . 
O n e o f t he se pa t ien ts (Case 14) w a s in a 
poor -qua l i ty h a r n e s s w h i c h a l lowed h i p 
adduc t ion . T h e o the r two were in a wel l 
m a d e ha rnes s that w a s proper ly pos i 
t ioned , and n o specif ic reason for the t ight 
h ip adductors was found. T h e r e w e r e n o 
pa t ients w i th avascular necros i s in Group 
I I . 

Other 
Five o the r pa t ien ts w i t h ins tab i l i ty or 

d i s loca t ion o f t he h i p w h o h a d p r o b l e m s 
w i t h the Pavl ik ha rnes s w e r e encoun te red . 



T h e y w e r e no t inc luded in th i s r ev i ew b e 
cause o f the i r d iagnoses : mye lodysp las ia 
( t w o ) , E h l e r - D a n l o s S y n d r o m e ( o n e ) , 
t e ra togenes i s (one ) , a n d seps i s (one ) . 

DISCUSSION 
T h e cons t ruc t ion , appl ica t ion , a n d use o f 

t he Pavl ik h a r n e s s is g u i d e d b y a few s im
ple p r inc ip les and pract ica l t e c h n i q u e s 
(F igs . 1-A th rough 1-D). W i t h commerc i a l 
p roduc t ion o f the Pavl ik ha rness , s o m e o f 
the p r inc ip les o f cons t ruc t ion have b e e n 
v io la t ed , w h i c h in s o m e cases ha s resul ted 

in an i n a d e q u a t e h a r n e s s . A few impor tan t 
po in t s in h a r n e s s cons t ruc t ion m u s t b e 
no ted . Fi rs t , t h e shou lde r s t raps o n the 
ha l ter (ches t -s t rap) shou ld cross in the back 
to p reven t t h e m from s l id ing ove r a n d 
d o w n the ch i ld ' s shoulders . S e c o n d , t h e 
buck les for the an te r io r (flexor) s t irrup-
s t raps shou ld b e loca ted at the ch i ld ' s an
ter ior axil lary l ine . I f t hey are p laced too far 
media l ly , t i gh ten ing the anter ior s t i r rup-
s t rap wil l c ause no t on ly f lexion bu t also 
adduc t ion o f the h ip . Th i rd , the buckles for 
the pos t e r io r ( abduc t ion) s t i r rup-straps 
shou ld b e loca ted over the scapula . Four th , 
the Velc ro strap for the proximal part o f the 

TABLE I I 
Group-II Patients 



Fig. 1-A: Step A. The chest halter is positioned at the 
nipple line and fastened with the Velcro® closure. 
The crossed shoulder straps then stablilize the halter 
at this position. 

Fig. 1-B: Step B. The leg and foot are set back into the 
stirrups and fastened with the Velcro® straps. Care 
must be taken to ensure that the flexor and abduc
tion straps are oriented anteriorly and posteriorly 
with respect to the child's knee. 

Fig. 1-C: Step C. The anterior (flexor) stirrup-straps 
are connected to the halter. The straps are adjusted so 
that hip flexion is between 100 and 110 degrees to 
achieve optimum position of the femoral head rela
tive to the acetabulum. Occasionally, more flexion 
will be necessary initially to achieve reduction. It is 
important that the insertion of the anterior stirrup-
straps on the halter be at the child's anterior axillary 
line. 

Fig. l-D: Step D. Lastly, posterior (abduction) 
stirrup-straps are attached to the halter. The insertion 
point of these straps on the halter should be located 
over the child's scapula. The posterior stirrup-straps 
should be adjusted so that there is approximately five 
to eight centimeters between the knees when both 
hips are abducted and the hips have free abduction. 

Figs. 1-A through l-D: 
Application of the Pavlik Harness 



Fig. 2-A. If the Velcro® straps are too far distal, the 
anterior and posterior stirrup-straps will bowstring 
behind the knee axis. Further tightening of these 
straps will cause increased knee flexion and rela
tively poor control of hip position. Abduction and 
internal rotation of the hip is possible. 

Fig. 2-B. With a properly positioned proximal Vel
cro® strap just distal to the popliteal fossa, there is 
better control of hip flexion and abduction and less 
flextion of the knee. 

leg shou ld b e located jus t b e l o w the ch i ld ' s 
popl i tea l fossa (Figs . 2 - A and 2 - B ) . T h i s 
s trap s t ab i l i zes and controls the k n e e and 
prevents b o w s t r i n g i n g o f the anter ior and 
pos te r ior s t i r rup-s t raps . W i t h bows t r ing
ing o f the s t i r rup-s t raps , internal rota t ion 
and adduc t ion o f the h ip can occur as the 
pos te r ior stirrup-strap is t ightened (Fig. 3 ) . 

T h e Pavl ik ha rness is ind ica ted in the 
t rea tment of h i p dysplas ia o r sub luxa t ion 
in chi ldren from bi r th to abou t the age of 
ten m o n t h s . A s the chi ld approaches the 
age o f o n e year , i t usual ly b e c o m e s too dif
ficult to ho ld the pa t ien t in the ha rnes s , a n d 

a more conven t iona l f ixed-pos i t ion b race 
wil l b e necessa ry . 

T h e harness m a y b e used to reduce a con 
geni ta l d is locat ion o f the h i p in a chi ld w h o 
i s less t han e igh t m o n t h s old i f the cri ter ia 
o f R a m s e y et al. are met . T h e y no ted that 
adequa te h i p f lexion m u s t b e o b t a i n a b l e so 
that the femoral h e a d is d i rec ted toward 
the triradiate cart i lage, a n d m a d e a ro
e n t g e n o g r a m of t he h ip s in flexion pr ior to 
app l ica t ion o f the ha rness . T h e harness is 
no t i nd ica t ed in pa t ien t s in w h o m the 
d is loca ted h ip is no t cen te red toward the 
ace tabu lum in f lexion or in infants w h o 



Fig. 3. This infant is wearing a commercially avail
able Pavlik harness. Note that the insertion points of 
the anterior (flexor) stirrup-straps are placed me
dially. Further tightening of these straps will cause 
not only flexion, but also abduction, of the hips. Also 
note that the Velcro® leg straps are located too far 
distally. There is bowstringing of both the anterior 
and the posterior stirrup-straps behind the knee. 
There is poor knee and hip control for this reason. 

Fig. 4. Plan of use of the Pavlik harness in the treatment of congenital dislocation of the hip in an infant less than 
eight months old. 

are more than e igh t m o n t h s old wi th a 
congen i ta l d is locat ion o f the h i p . W e h a v e 
found it m o r e pract ical to apply the har
ness o n the ch i ld a n d then m a k e the 
roen tgenogram. In d i sorders such as m y 
e lodysplas ia ( second to fourth l u m b a r 
funct ional leve l ) , t e ra togen ic d i s loca t ion , 
a n d a r throgrypos is , e i the r musc le imba l 
ance or st iffness, or b o t h , m a k e s appl ica
t ion of the ha rness near ly imposs ib l e . 
Fu r the rmore , i t also usual ly is inappro
pr ia te for u se in infants wi th connec t ive -
t i ssue d isorders o r as a m e a n s o f pos i 
t i on ing a sept ic h ip after d ra inage . T h e 
genera l i zed capsular laxi ty found in these 
cond i t i ons m a y cause infer ior d is locat ion 
o f the h ip . 

To ach ieve spon t aneous reduc t ion o f a 
congen i ta l d is locat ion o f the h ip in an in
fant w h o is l ess than e igh t m o n t h s o ld , t h e 
ha rnes s is appl ied and a roen tgenogram 
w i t h the ch i ld in the ha rnes s is m a d e to 
confirm adequate flexion (Fig. 4 ) . T h e har
ne s s is w o r n cons tan t ly un t i l h ip s tabi l i ty is 
ach ieved . T h e pa t i en t is e x a m i n e d c l in i 
cal ly , out o f the ha rness , at week ly inter
vals . B y two or three w e e k s after ha rnes s 
appl ica t ion , bo th c l in ical and roen tgeno-



Fig. 5-A. This child was diagnosed at birth as having bilateral dislocated hips. This 
roentgenogram, made at the age of three months in the Pavlik harness, demonstrates as
symetry of the distance from the femoral metaphysis to the triradiate cartilage. The left hip is 
abnormal and the Pavlik harness is maintaining the hip dislocated, posterior to the 
acetabulum. Note that the acetabular margins look quite good because of the outlet-type view 
of the pelvis when roentgenograms are made with the child in the Pavlik harness. The 
obturator foramen is visualized poorly and the sciatic notch is well demarcated. 

Fig. 5-B. Because of the clinical examination and the ambiguous roentgenogram shown in Fig. 
5-A, a second roentgenogram was made with the child out of the harness with the femora in 45 
degrees of abduction. This clearly demonstrates the dislocation of the left hip and more 
accurately demonstrates a true view of the pelvis, showing the acetabular dysplasia which is 
greater on the left than on the right. This child subsequently underwent a period of skin 
traction and required an open reduction of the left hip at the age of three months. Subse
quently, avascular necrosis developed in the left capital femoral epiphysis. 



graphic examina t ion must confirm reduc
t ion o f t he h ip . If t he h ip is no t reduced 
dur ing the th ree -week trial of ha rness use , 
the m o r e conven t iona l approach o f trac
t ion , genera l anes thes i a , c losed reduc t ion , 
a r th rography , and a sp ica cast shou ld b e 
ins t i tu ted F ig . 4 ) . A s roen tgenograms 
m a d e w i t h the ch i ld in the ha rness are dif
f icult to in te rpre t , w e prefer to m a k e a 
4 5 - d e g r e e a b d u c t i o n (frog-leg la teral) ro
e n t g e n o g r a m o f the h i p s out o f t he har
ness to conf i rm the i r pos i t ion at the 
t h ree -week vis i t . Fu r the rmore , eva lua t ion 
o f ace tabula r deve lopmen t is e a s i e r w h e n 
roen tgenograms are m a d e w i t h the chi ld 
out o f the ha rness . A roen tgenogram in the 
ha rness p roduces an outlet v i e w o f t he pel 
v i s b e c a u s e o f the loss o f l u m b a r lordosis 
and pelvic tilt (Figs. 5-A and 5-B) . If the 
t reat ing phys ic i an is still in doub t as to the 
h i p ' s pos i t i on , a r thrography u n d e r genera l 
anes thes i a should b e per formed to conf i rm 
a concentric reduction (Fig. 4 ) . If the fem
oral head is in the acetabulum, the pa
t ient is fo l lowed at two to four -week in ter 
vals unt i l t he cl inical a n d roen tgenograph ic 
e x a m i n a t i o n s are no rma l . Aga in , these 
shou ld b e per formed wi th the pa t ien t out 
o f the h a r n e s s . Genera l ly , w e have w e a n e d 
a chi ld from the ha rness accord ing to the 
plan of R a m s e y et at. 

T h e two major p rob l ems prev ious ly re
por ted w i t h the u se o f the Pavl ik ha rness 
are failure to ob t a in reduc t ion o f the dis lo
cated h ip and vascular necros i s o f the cap
ital femoral ep iphys i s . Fai lure to ob ta in 
spon t aneous reduc t ion o f t he congeni ta l ly 
d is located h ip wi th the ha rnes s ha s occur
red in 19 p e r cen t o f p rev ious ly repor ted 
cases 1 - 7 . Pavl ik repor ted a fai lure in reduc
t ion of 16 per cent , wh i l e o thers have re
por ted a range o f 2 to 92 per cent 1 - 7 . In the 
t rea tment o f sub luxa t ion a n d ace tabular 
dysplas ia , howeve r , g o o d results have 
b e e n repor ted in 98 p e r cen t of the pub 
l i shed s e r i e s 2 , 4 - 6 . 

T h e mos t c o m m o n problem was the fail
ure to ma in ta in reduct ion or to ach ieve 
spon taneous reduct ion of a d is located h ip . 
T h e t reat ing or thopaed is t d id no t obse rve 
the p roper ind ica t ions for t h e u se of the 
Pavl ik h a r n e s s , and e i the r appl ied the har

ne s s improper ly o r u sed a ha rness o f poor 
qual i ty cons t ruc t ion , or bo th . T h e m o s t 
c o m m o n error was a failure to ob t a in 
e n o u g h h i p f lexion in the ha rnes s to 
a c h i e v e r e d u c t i o n ( T a b l e s I a n d I I ) . 
M o r e o v e r , in m o s t cases the o r thopaed is t 
fai led to r ecogn ize the lack of reduct ion for 
an average o f three and a ha l f m o n t h s after 
appl ica t ion o f the ha rness . Th i s de lay , 
m o r e than any o ther factor, p robab ly ac 
coun ted for the necess i ty o f o p e n reduc t ion 
in six of the pa t ien t s in th is se r ies and may 
b e a con t r ibu t ing factor in t h e cases o f av
ascular necrosis (Figs. 5-A and 5-B) . 

A s no ted in the l i terature , the i n c i d e n c e 
o f avascular nec ros i s w a s h i g h e r w h e n the 
ha rness w a s u sed to treat congen i t a l d is lo
ca t ion o f t he h ip ra ther than sub luxa t ion or 
ace tabular d y s p l a s i a 5 , 8 , 9 . Pavl ik , i n t rea t ing 
632 d is loca ted h i p s , repor ted an i n c i d e n c e 
o f avascular nec ros i s o f 2 . 8 pe r cent , a l 
though it on ly occured in h ip s r equ i r ing 
manua l reduc t ion after failure of spon tane 
ous reduct ion in t he ha rnes s . T o n n i s re 
por ted a 15 per cen t rate of avascular ne 
crosis in a multicenter study of 4 ,046 h ips 9 . 
O t h e r s have repor ted rates of 4 p e r c e n t 3 , 5 
pe r c e n t 7 , and 9 p e r c e n t 1 0 . M o r e recent ly , 
Ka lamch i et al. have repor ted no inc idence 
o f avascular nec ros i s w i t h u se o f the har
ne s s in t he t r ea tment o f s even ty - seven 
dis located h i p s , 141 subluxa ted h i p s , a n d 
105 h ip s w i t h ace tabular dysplas ia . 

In th is ser ies there w e r e three pa t ien ts 
w i th avascular nec ros i s (Table I ) . In t hese 
pa t ien ts the failure o f spon taneous reduc
t ion in the ha rnes s necess i t a t ed t rac t ion, 
c losed reduc t ion (one pa t ient ) or open re
duc t ion ( two pa t i en t s ) , a n d spica-cast ap
p l ica t ion . A l though it i s difficult to in
c r imina te a n y specif ic p rocedure , i t s e e m s 
l ikely that t he avascular nec ros i s resul ted 
from surgical in te rven t ion or the cast ra ther 
than the ha rnes s . H o w e v e r , as no t ed in the 
E u r o p e a n l i t e r a tu r e 8 , 9 , over ly v i g o r o u s 
t igh ten ing o f the abduc t i on strap m a y re
sult in avascular nec ros i s . 

Al though sufficient h i p f lexion in the 
ha rnes s to direct t he femoral h e a d toward 
the tr iradiate car t i lage is necessa ry to 
ach ieve spon taneous reduc t ion , excess ive 
f lexion m a y p roduce p rob l ems . In C a s e 16 , 



first the p roper h i p f lexion ach ieved re
duc t ion a n d then excess ive f lexion pro
duced an infer ior (obturator) d is locat ion. 
A n o t h e r p r o b l e m no t ed wi th over ly v igor 
ous h i p f lexion w a s a t rans ien t femoral -
ne rve pa l sy (Case 1 ) . T h i s compl ica t ion has 
b e e n reported b y o thers 4 , 6 . H ip flexion o f 
m o r e than 120 degrees should b e ma in 
t a ined on ly for the two to th ree -week trial 
o f spon t aneous reduc t ion . If reduc t ion is 
o b t a i n e d , the f lexion is r educed to 90 to 
100 degrees . 

In two o the r pa t ien t s the h ip adductors 
r e m a i n e d cont rac ted in spi te o f a wel l m a d e 
h a r n e s s a n d its p rope r u se (Case 12 and 15 ) . 
Adduc to r t eno tomy w a s necessa ry before 
ace tabula r deve lopmen t could p roceed . In 
h ip dysplas ia , t he adductors usual ly have 
s t re tched in o n e to two w e e k s after appl i 
ca t ion o f t he ha rnes s . If they r e m a i n t ight at 
four to s ix w e e k s , pe rcu taneous adductor 
t e n o t o m y u n d e r genera l anes thes i a a n d 
p o s s i b l y an ar throgram m a y b e necessa ry . 

T h e final p r o b l e m ev iden t from this 
se r ies w a s p o o r compl i ance o f the parents 
in m a i n t a i n i n g the ha rnes s o n the chi ld . In 
t w o cases (Cases 15 and 18) the parents 
d i s c o n t i n u e d use o f t he ha rnes s a n d re
fused fur ther t rea tment . In four pa t ien t s 
(Cases 2, 3 , 1 1 , a n d 13 ) , ano the r b race alter
na t ive w a s necessa ry b e c a u s e o f p o o r ac 
cep tance b y the paren ts . Be t t e r parenta l 
educa t ion b y the o r thopaed i s t as to the d is 
ea se p rocess b e i n g t reated and the use o f 
the ha rnes s m i g h t h a v e obv ia t ed these dif
f icul t ies . 

CONCLUSIONS 
T h e p r imary difficulty assoc ia ted wi th 

the u s e o f the Pavl ik ha rness in th is ser ies 
w a s failure to ach ieve reduc t ion o f the d i s 
loca t ion . T h e o r thopaed i s t m u s t real ize 
that mere ly app ly ing the ha rnes s on the 

pa t ien t w i th congen i ta l d is locat ion o f the 
h ip does not guaran tee reduc t ion o f the 
h ip . T h e impor tan t aspec ts in the use of the 
ha rnes s inc lude : (1) appropr ia te ind ica 
t ions , (2) adequa t e h ip f lexion in the har
ness as ver i f ied b y r o e n t g e n o g r a m s , (3) use 
o f a good-qua l i ty ha rness , (4) conf i rmat ion 
o f concen t r i c r educ t ion after three w e e k s o f 
ha rness u se , (5) m a i n t e n a n c e o f the pa
t ien t in t h e ha rnes s unt i l a no rma l c l in i 
cal and roen tgenograph ic examina t ion is 
a ch i eved , a n d (6) educa t ion of the paren ts . 
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Orthotic Management of Knee 
Injuries in Athletics with the Lenox 
Hill Orthosis 

Edward P. Van Hanswyk, B.S., C.O. 
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INTRODUCTION 
T h e k n e e is a complex structure a n d a n y 

structural c h a n g e results in a l e s sened 
abi l i ty to w i th s t and t h e s t resses o f a thlet ic 
compe t i t i on . T h e s u b s e q u e n t mater ia l is a 
b r i e f d i scuss ion o f k n e e ins tab i l i t i es sec
ondary to injury and the role o f a Lenox Hil l 
O r t h o s i s i n c o m p e n s a t i n g for a n y func
t ional deficit . T h e var ious ins tab i l i t i es o f 
the k n e e can b e separa ted in to four 
ca tegor ies : 

• S t ra ight . 
• Rota tory . 
• C o m b i n e d . 
• Patel lar . 

S t ra igh t lateral or s t ra ight med ia l ins ta
b i l i ty is demons t ra t ed b y w i d e n i n g o f the 
jo in t space wi th varus or va lgus stress 
exer ted o n the k n e e at full ex tens ion and in 
va r ious degrees o f f lexion. 

• T h e s t ra ight an te r io r and pos te r io r in
s tab i l i t i es are i l lustrated by the c lass ic 
an ter ior -pos ter ior d rawer s ign . 

• T h e rotary ins tab i l i t i e s involve ab
normal m o t i o n abou t a rotary axis o f the 
t ib i a in re la t ion to the femur . T h e s e can b e 
ca tegor ized as pos te r io r /media l , antero/ 
med ia l , antero/ lateral , and poster ior / la teral 
rotatory ins tab i l i t i e s . 

• T w o or m o r e o f the above ins tab i l i t i e s 
can and c o m m o n l y do occur in the s a m e 
knee , fo rming a c o m b i n e d ins tab i l i ty . 

• Lateral d i sp lacemen t of t he patel la 
from the patel lar-femoral g roove produces 
an ins tab i l i ty that wi l l no t b e a par t o f this 
d i scuss ion . 

COMPONENTS OF 
KNEE STABILITY 

T h e s tab i l i z ing c o m p o n e n t s of the k n e e 
j o in t s inc lude b o n e , m e n i s c i i , musc les and 
l igaments . 

Bone 
T h e b o n y s tabi l i ty o f the k n e e is der ived 

from the shape o f the femoral condy les and 
saucer shape o f the t ib ia l p la teaus . T h e in
tercondylar e m m i n e n c e of the t ib i a a n d 
the s l ight concav i ty of the p la teau w h e n 
v i e w e d in re la t ion to the shape o f the 
femoral condyles plays a role in control l ing 
the a m o u n t of rota t ion poss ib l e w i t h i n the 
j o i n t , and wi th w e i g h t bea r ing th i s pro
duces s o m e s t ra ight medial- la teral a n d 
an te r io r -pos te r io r s tabi l i ty . 



Meniscii 
M e n i s c i i addi t ional ly add to s tab i l i ty 

w i t h i n the knee . T h e saucer shape and the 
l i gamen tous a t t achments a l low the miniscii to m o v e wi th flexion o f the k n e e , fil l ing 
the pe r iphera l space crea ted b y the spher i 
cal conf igura t ion o f the femoral condyles . 
T h e funct ion o f the men i sc i i inc lude shock 
absorp t ion , lubr ica t ion , reduct ion o f con
tact s t ress a n d t r ansmiss ion o f loads across 
the jo in t . T h e inc reased concav i ty o f the 
p la teau and the w e d g e effect o f the m o v i n g 
men i sc i i con t r ibu t e to the s tabi l i ty of the 
jo in t . 

Muscle 
T h e quad r i ceps musc l e group has a 

funct ion as an impor t an t d y n a m i c s tab i 
l izer o f the k n e e . I ts p r imary funct ion is 
ex t ens ion o f the t ib ia in relat ion to the 
femur , bu t it also acts as an an tagonis t 
aga ins t f lexion s t resses created b y the h a m 
s t r ings . T h e quadr i ceps also inf luence the 
an te romed ia l and lateral j o in t capsule s ta
bi l i ty . 

F lex ion o f the t ib i a o n the f e m u r d y n a m i 
cally is a funct ion o f the hams t r ing m u s 
c le s . Add i t iona l ly the s e m i t e n d o n o s i s , 
graci l i s , and sar tor ius s w e e p a round the 
med ia l s ide o f the u p p e r t ib ia to at tach 
a n t e r i o r l y g i v i n g a d d i t i o n a l s t a b i l i t y 
a g a i n s t r o t a t o r y a n d a n t e r o p o s t e r i o r 
s t resses . T h e b i c e p s femoris t e n d o n has a 
s imi la r funct ion o f d y n a m i c lateral stability. 

Ligaments 
T h e k n e e i s enc losed in a capsule w h i c h 

is re inforced b y l i gamen t s . T h e stat ic sta
bi l i ty o f the k n e e j o i n t d e p e n d s upon the 
in tegr i ty o f the suppor t ing l igamen t s o f the 
knee . 

Collateral Ligaments—The lateral collat
eral l i gamen t o r ig ina tes from the femoral 
condyle a n d inser t s in to the f ibular h e a d 
act ing as a s tab i l izer aga ins t varus s t resses . 
Addi t iona l ly , the i l io t ib ia l tract laterally 
protects aga ins t varus s t ress and anterolat

eral rotatory ins tab i l i ty . T h e media l collat
eral l i gamen t cons i s t s o f two layers , the 
deep f ibers o r ig ina te from the femoral con
dyle inse r t ing in to the uppe r t ib ia l marg in 
re inforc ing the capsu le a n d the per iphera l 
a t t achment o f the m e n i s c u s . T h e superfi
cial f ibers ex tend three i nches b e l o w the 
uppe r t ib ia l ma rg in to the t ib ia l flare 
s tab i l i z ing the k n e e media l ly aga ins t val
gus s t resses con t r ibu t ing to res i s t ance 
aga ins t an te romedia l rotatory s t resses . 

Cruciate Ligaments—The anter ior cruci
ate l i gamen t o r ig ina tes from the lateral 
femoral condyle a n d inser t s in to the t ib i a 
at the in te rcondyla r no tch anteriorly. T h e 
pos te r ior c ruc ia te l i gamen t ar ises o n the 
lateral s ide o f the media l femoral condy le 
and inser t s in to the pos te r io r surface o f the 
t ib i a in the m i d l i n e . Cruc ia te l i gamen t s 
con t r ibu te to s tab i l i ty aga ins t an te r io r and 
pos te r io r s t resses as wel l as rotatory and 
medial - la tera l s t resses . 

Ligamentous Injuries—Ligaments a re 
f ib rous s t ructures that-funct ion in a m a n 
n e r to p reven t a b n o r m a l m o t i o n o f the 
jo in t . A l i gamen tous in jury can vary from 
tear ing o f a few f ibers and no loss o f func
t ion to comple te d is rupt ion o f the s t ruc
ture. Fo rced m o t i o n b e y o n d the no rma l 
l imi t in a n y d i rec t ion o f knee m o t i o n can 
resul t i n s o m e degree o f in jury . A c o m m o n 
type o f a thle t ic in jury to the k n e e occurs 
w i th the foot f ixed to the g round a n d the 
th igh ro ta ted inward , a n d the t i b i a out
ward , caus ing abduc t ion and external ro 
tat ion o f the leg. T h e stress is exer ted 
aga ins t the med ia l capsular s tructures as 
wel l as the collateral l i gamen t a n d the an
ter ior c ruc ia te l igament . T h e resul tant in
ju ry var ies from mi ld to severe d i s rup t ion 
o f the suppor t ing s t ructures and inc ludes 
in jury to the med ia l collateral l i gamen t 
bo th deep a n d superf ic ial , med ia l m e n i s 
cus and /or i t s a t t achment as wel l as the 
an te r io r crucia te l igament . T h e k n e e se 
vere ly in jured in th i s m a n n e r m a y b e a 
cand ida te for surgery and s u b s e q u e n t re
hab i l i t a t ion . T h e ca tegory o f in jury and 
s u b s e q u e n t surgica l p rocedure are depen
den t upon the degree a n d specif ic s t ruc
tural c h a n g e s . 



ORTHOTIC 
MANAGEMENT WITH THE 
LENOX HILL ORTHOSIS 

At the Ups ta te Med ica l Cen te r in Syra
cuse , the rehab i l i t a t ion o f the p rev ious ly 
in jured k n e e inc ludes the use o f a L e n o x 
Hil l O r t h o s i s . T h e advantages o f the L e n o x 
Hill Or thos i s are: 

Pos t Injury: non-opera t ive ly t reated pa
t ients are pro tec ted agains t recurrent 
s t resses to t he in jured structures dur ing 
s u b s e q u e n t a thle t ic ac t iv i t ies . 

Pos t Opera t ive ly : T h e L e n o x Hill Or
thos i s i s u s e d to p rov ide inc reased stat ic 
s tabi l i ty dur ing rehabi l i t a t ion and w h e n 
re turn ing to a thle t ic act ivi t ies . 

T w o m e t h o d s are used at the Ups ta te 
Med ica l C e n t e r for f i t t ing o f the or thos i s : 

1. T h e pos i t ive m o l d for the L e n o x Hil l 
O r t h o s i s is t aken before surgery so the or-

thos i s is r eady for appl ica t ion on cast re
mova l in s ix w e e k s . 

2 . T h e mold is taken during the first cast 
c h a n g e two w e e k s pos t -opera t ive ly , and 
the or thos i s p repared for appl ica t ion six 
w e e k s pos t -opera t ive ly . T h e lat ter m e t h o d 
a l lows for s o m e a t rophy dur ing surgery 
and cast m a n a g e m e n t , and assures a c loser 
fit at t ime o f appl ica t ion . 

T h e L e n o x H i l l O r t h o s i s i s w o r n 
th roughou t the rehabi l i t a t ion program to 
a l low m o t i o n necessa ry for rehabi l i t a 
t ion exerc i ses and for p ro tec t ion aga ins t 
s t resses o n the repa i red l igaments . If ath
le t ic act ivi ty is a l lowed, the or thos i s is 
w o r n up to o n e full year dur ing the ac t iv i ty 
for p ro tec t ion aga ins t further injury. 

T h e L e n o x Hil l sy s t em has b e e n de
v e l o p e d a n d d e s i g n e d to con t ro l t he 
s t ra ight media l - la tera l , an ter ior -pos ter ior , 
rotatory and c o m b i n a t i o n s of t he se in
s tab i l i t i es . A n unde r s t and ing of the var i
ous des igns avai lab le , and the loca t ion of 
the force p ressures that resis t dev ia t ion , 
wi l l he lp p reven t p resc r ip t ion uncer t a in ty . 

Fig. 1. Three point pressure system to resist valgus 
instability. 

Fig. 2. Three point pressure system to resist varus 
instability. 



CONTROL OF STRAIGHT 
MEDIAL-LATERAL 
INJURIES 

W i t h the k n e e in full ex tens ion (Fig . 1.) , 
the va lgus dev ia t ion (medial ins tab i l i ty ) is 
r es i s ted b y the three po in t force o f the 
L e n o x Hil l c rea ted b y the lateral leg pads , 
a b o v e and b e l o w the knee , o p p o s e d b y the 
med ia l k n e e d isc . W i t h the k n e e in full 
ex t ens ion (Fig. 2 . ) , the varus dev ia t ion (lat
eral ins tab i l i ty ) is res i s ted b y the three 
po in t force crea ted b y the med ia l leg pads , 
a b o v e and b e l o w the k n e e , o p p o s e d b y the 
lateral k n e e disc . 

CONTROL OF STRAIGHT 
ANTERIOR-POSTERIOR 
INJURIES 

W i t h the k n e e in f lexion (Fig. 3 . ) , the 
an te r ior -pos te r ior excurs ion o f the t ib ia , 

Fig. 3. Force system to prevent anterior-posterior in
stability includes the pre-tibial bar, distal knee loop 
and circumferential rubber. A hyperextension stop 
and non elastic popliteal strap are also used. 

Fig. 4 & 5. Rotary instability is counteracted by the lateral leg pads, medial disc and derotation straps. 



(anter ior -pos ter ior ins tab i l i ty) is res is ted 
b y the L e n o x Hil l forces created b y the 
pre- t ib ia l ba r , the derota t ion s t rap , the 
distal knee loop a n d the c i rcumferent ia l 
r ubbe r , all o p p o s e d b y the c i rcumferent ia l 
r u b b e r above the k n e e . W i t h anter ior-
pos te r io r i n s t ab i l i t y , a h y p e r e x t e n s i o n 
s top at the j o i n t , a n d a non-e las t i c pop
liteal strap to res is t hype rex t ens ion is 
added to the Lenox Hil l . In pos t -surgica l 
appl ica t ion , the s top m a y b e adjus ted to 
l imi t the degree of ex tens ion . 

CONTROL OF 
ROTATORY INJURIES 

W i t h the knee in full ex tens ion (Fig. 4 . ) , 
the ro ta t ional dev ia t ion , (rotatory ins tabi l 
i ty) is res i s ted b y the con tour and place
m e n t of the lateral leg pads and the med ia l 
k n e e d i s c , the c i r cumfe ren t i a l r u b b e r 
above and b e l o w the k n e e , and the derota
t ion strap. W i t h the k n e e in f lexion (Fig. 
5 . ) , the ant i - ro ta t ion res i s tance is aug
m e n t e d b y the dero ta t ion strap. 

CONTROL OF 
COMBINATION INJURIES 

W i t h the addi t ion o f the s econd b e l o w -
the -knee leg pad , s e c o n d derota t ion strap, 
and hype rex t ens ion s top , the L e n o x Hil l i s 
de s igned to res is t the c o m b i n a t i o n antero-medial rotatory, antero-lateral rota tory, 
a n d an t e ro -med ia l - l a t e r a l ro ta to ry in
s tab i l i t i es . 

In the c o m b i n e d med ia l des ign (Fig. 6 . ) , 
the k n e e d i sc is pos i t i oned on the media l 
s ide , w i th lateral leg pads above and b e l o w 
the k n e e , med i a l leg pad b e l o w the knee , 
and a hype rex t ens ion s top incorpora ted 
in to the k n e e j o in t s . T h i s c o m b i n a t i o n de
s ign is for p r imary an te ro-media l , lesser 
antero- la teral , ro ta tory ins tab i l i t i e s . 

T h e c o m b i n e d lateral des ign (Fig. 7 . ) , the 
k n e e d isc is pos i t i oned on the lateral s ide 
wi th media l leg pads a b o v e and b e l o w the 
k n e e , lateral leg p a d b e l o w the k n e e , and a 
hype rex t ens ion s top incorpora ted in to the 
k n e e jo in t . Th i s c o m b i n a t i o n des ign is for 

Fig. 6. The design used for combined medial knee 
injuries. 

Fig. 7. The design used for combined lateral knee 
injuries. 



p r i m a r y a n t e r o l a t e r a l , lesser antero-medial rotatory instabilit ies. 

SUMMARY 
A t Upsta te Medical Center , Syracuse , 

N e w York, the L e n o x Hill Denotation O r 
thosis has been prescr ibed for athletic in
juries to the knee s ince 1972. Its use post -
injury a n d post -operat ive ly h a s been con
sistently pos i t ive . 

The L e n o x Hill advantages are: 
1. Individual des ign and cus tom fabri

cat ion insure int imate fit and proper appli
cat ion; 

2 . S i m p l e m e a s u r e m e n t p r o c e d u r e s 
w i th plaster mold a n d materials available 
to phys ic ian and orthotist; 

3. A m p l e des ign choices and the ability 
to des ign the orthosis to resist specific in
stabilities. 

Edward P. Van Hanswyk is Clinical Instructor, Department of Or
thopedic Surgery. College of Medicine, State University of New York at 
Upstate Medical Center, Syracuse, New York. 

Bruce E . Baker is Associate Professor, Department of Orthopedic 
Surgery, College of Medicine, State University of New York at Upstate 
Medical Center, Syracuse, N e w York 



Mobility Aids and Prostheses For a 
Child with Four Anomalous Limbs 

Karen Beck, R.P.T. 
J . Martin Carlson, M.S., C.P.O. 
Richard J . Johnson, M.D. 

A chi ld wi th a complex phys ica l d i sab i l 
i ty r equ i res t he i nvo lvemen t o f m a n y 
heal th care profess iona ls . T h i s r ev i ew o f 
the m a n a g e m e n t o f the pros the t ic and m o 
b i l i t y needs of an infant wi th four a n o m a 
lous l i m b s underscores the need for full 
coopera t ion a m o n g all those t eam m e m 
b e r s . 

SF w a s seven m o n t h s o ld w h e n first 

referred to Gi l le t te Ch i ld ren ' s Hospi ta l for 
an a s s e s s m e n t of h e r deve lopmenta l and 
o r thopaed ic needs . S h e c a m e from a gen
erally rural area ove r 4 0 0 mi les from the 
hospi ta l . Bo th o f he r uppe r ex t remi t i es 
w e r e absen t at the shou lder except for 
f leshy n u b b i n s approx imate ly one inch 
long. Bo th femora , b o t h f ibulae , a n d the 
lateral two rays of b o t h feet w e r e also a b -

Fig. 1. Patient SF at seven months of age. Both upper limbs were missing except for fleshy nubbins about one 
inch long. Both femora, fibulae and the lateral rays of both feet were also absent. 



sen t (Figs . l a and l b ) . Accord ing to he r 
med ica l chart , SF w a s de l ivered vagina l ly 
and h e r A P G A R S were ten at b o t h o n e m i 
nu te and five m i n u t e s . H e r m o t h e r h a d 
b e e n taking mon th ly prophylac t ic pen ic i l 
l in in jec t ions for rheumat i c fever. No 
neuro log ica l o r o ther medica l p r o b l e m s 
w e r e no ted . 

W h e n SF w a s n i n e m o n t h s o ld , a de
ve lopmen ta l a s se s smen t was done b y a 
t eam cons i s t i ng o f a speech - l anguage 
pa tho log is t , an audio logis t , an occupa
t ional therapis t , a phys ica l therapis t , a n d a 
gene t i c counse lo r . At that t ime , h e r social 
intel lectual and c o m m u n i c a t i o n skills w e r e 
cons ide red to b e wi th in no rma l l imi ts . S h e 
had g o o d head control and rolled wel l , bu t 
was unab le to sit i ndependen t ly . S h e at
t e m p t e d to man ipu la t e toys wi th h e r ton
gue , h e r toes and he r shoulders . Because o f 
h e r inab i l i ty to sit , she was p rov ided wi th 
low pos te r io r and lateral t runk suppor t b y a 
b lock o f carved E tha foam® 1 covered wi th 
Plas tazote® 2 . A n ove rhead ba r w a s at
t ached to the b a s e from w h i c h to s u s p e n d 
toys , w h i c h she could then explore w i t h 
h e r m o u t h (Fig. 2 ) . S h e u sed this suppor t at 
h o m e unt i l she acqu i red i n d e p e n d e n t 
s i t t ing ba l ance , at approx imate ly 12 -14 
m o n t h s o f age . N o upper ex t remi ty p ros 
theses w e r e fabr icated b e c a u s e they m a y 
h a v e h i n d e r e d he r m o b i l i t y and depr ived 
h e r o f sensory input . 

S F w a s seen again w h e n she w a s 16 
m o n t h s old. S h e man ipu la t ed toys wi th the 
toes of bo th feet , a l though she w a s m o r e 
dext rous wi th the r ight . S h e also had 
learned to grasp ob jec t s qu i t e successfully 
b e t w e e n he r c h i n and shou lde r on e i the r 
s ide . I na smuch as she h a d ach ieved s i t t ing 
ba l ance , she w a s cons ide red a good candi 
date for an uppe r ex t remi ty l i m b so she was 
fitted wi th a left shou lder d isar t icula t ion 
p ros thes i s w i th a f ixed e lbow and pass ive 
h a n d . T h e pas s ive h a n d was in t e rchange
able w i th a pass ive hook . It was p laced o n 
the left to faci l i tate he r us ing i t i n c o m b i 
na t ion wi th he r dextrous contralateral toes . 
A n occupa t iona l therapis t w o r k e d wi th S F 
in the u se o f he r n e w l i m b dai ly for a b o u t 
o n e w e e k and she b e g a n to use the p ros 
thes is to push and pull ob jec t s that w e r e 
pos i t i oned in the t e rmina l devices for her . 

Except for rol l ing, SF h a d no t deve loped 
i n d e p e n d e n t floor m o b i l i t y at the age o f 16 
m o n t h s . S h e m a d e unsuccessful a t tempts 
to scoot w h i l e s i t t ing b y pul l ing on the floor 
or carpet w i t h h e r toes . A spec ia l caster cart 
w a s fabr ica ted for he r , o n w h i c h she cou ld 
sit s u s p e n d e d several i n c h e s above the 
floor. T h e seat w a s ve ry na r row so that h e r 
feet were direct ly b e l o w h e r t runk, and 
could b e used effectively to propel a n d 
s teer h e r " c a r " (Fig. 3 ) . S h e b e c a m e amaz
ingly prof ic ient in maneuve r ing it , go ing 
rapidly , s topp ing short ly and turning it 
w i t h i n i ts o w n rad ius . T h e cart enab led h e r 
to b e i ndependen t ly m o b i l e o n the floor 
w h i l e k e e p i n g he r w i th in reach o f toys. It 
w a s still b e i n g used m a n y hour s a day 
w h e n S F w a s 29 m o n t h s old. 

W h e n S F w a s 23 m o n t h s old, she w a s 
again admit ted to the hospi ta l for prosthet
ic work . T h e pass ive terminal dev ices 
w e r e rep laced wi th a cab le -opera ted o n e . 
B e c a u s e o f a scarci ty o f phys ica l or occupa
t ional therapy se rv ices in he r c o m m u n i t y , 
t ra in ing in the u se o f the n e w l i m b in the 
hospi ta l w a s r e c o m m e n d e d , b u t it w a s i m 
poss ib l e to ar range for that . Therefore , she 
did no t m a k e o p t i m u m use o f this first 
cab le -opera ted uppe r l i m b . 

Fig. 2. A trunk support was designed to provide sit
ting balance at nine months of age. Toys were suspensed from the overhead bar so she could explore 
with her mouth. 



Fig. 3. At sixteen months of age a special caster cart 
was developed to allow independent mobility. 

Fig. 4. At twenty-nine months of age a left above 
elbow prosthesis was provided along with lower limb 
extension prostheses. 

W h e n seen aga in at the age o f 29 m o n t h s , 
S F h a d b e g u n to lift herse l f to s tand at a 
cha i r or table a n d ma in t a in that pos i t i on b y 
lean ing h e r t runk agains t the suppor t ing 
surface. S h e w a s f i t ted wi th short b i la tera l 
l ower ex t remi ty e x t e n s i o n p ros theses to 
p o v i d e s tab i l i ty for s tance , as s e e n in 
F igure 4 . S h e was seen in t he phys ica l 
therapy depa r tmen t for t ra in ing in the i r 
use . After approximate ly two w e e k s , she 
w a s ab le to wa lk five feet wi thou t external 
suppor t or ass i s t ive devices and s o m e 
t imes i n d e p e n d e n t l y c a m e to s tance from a 
s i t t ing pos i t ion . It was an t ic ipa ted that she 
w o u l d u s e t h e m pr imar i ly for i ndoor m o 
bi l i ty . 

At the s a m e t ime a left a b o v e - e l b o w 
pros thes i s w a s fitted (Fig. 4 ) . It h a d a pas
s ive cons tan t fr ict ion e l b o w a n d wr is t uni t 
a n d a funct ional mode l 12P t e rmina l de
v i ce . An occupa t iona l therapis t worked 
wi th h e r dai ly for three w e e k s , dur ing 
w h i c h S F lea rned to u se the p ros thes i s to 
man ipu la t e p e g s , fo rmboards , pul ls tr ing 

toys and nes t ing b o x e s wi th s o m e ass i s 
tance . S h e also b e g a n to learn to pos i t ion 
ob jec t s in the l i m b wi th the toes o f h e r r ight 
foot, a l though the t e rmina l device had to 
b e p repos i t i oned for her . 

Dur ing the s a m e hospi ta l admis s ion , an 
A - B e c F i reba l l® 3 p o w e r e d whee l cha i r w a s 
m a d e avai lable for several days ' trial. T h e 
cont ro l b o x w a s p o s i t i o n e d w i t h i n reach o f 
S F ' s r ight l ower ex t remi ty digi ts and it was 
" g e a r e d d o w n " to i t s s lowes t speed . After 
approx imate ly six 1 5 - m i n u t e s e s s ions o f 
phys ica l therapy , she mas te red m a n e u 
ver ing it . If funding is approved for pur
c h a s i n g such a cha i r for S F , adapta t ions 
wil l b e m a d e to seat h e r securely and at the 
p roper he igh t to reach the cont ro l st ick. 

S F ' s m o b i l i t y needs can b e m e t by com
b i n i n g the u se o f the specia l caster cart , the 
lower ex t remi ty p ros theses , a n d the p o w 
ered whee lcha i r . T h e r e is cons ide rab le 
po ten t ia l for S F to b e c o m e prof ic ient in the 
u se o f the lower ex t remi ty p ros theses . T h e y 
m a y b e c o m e h e r p r imary m e a n s of indoor , 



a n d even poss ib ly ou tdoor mob i l i t y . In 
later years , s h e herse l f will have to dec ide i f 
she wan t s to c o n t i n u e wi th t h e m . At he r 
y o u n g age , the cas ter cart p rovides he r 
w i th s p e e d and qu i ck access to toys and 
peers on the floor. It ha s l imi ted use out
doors b e c a u s e of the w e a r a n d tear o n he r 
feet and the relat ively h igh ene rgy n e e d e d 
to propel it . T h e p o w e r e d whee lcha i r , 
h o w e v e r , w o u l d al low S F to m o v e a round 
freely in t he c o m m u n i t y and p lace h e r h i g h 
e n o u g h to in teract w i th o ther pe r sons . It 
wou ld b e m o s t benef ic ia l for m o v e m e n t in 
schoo l w h e n she reaches that age . At th is 
t ime , t he goal is to p rov ide h e r e n o u g h 
m o b i l i t y to expe r i ence social ac t iv i t ies 
s imi la r to those o f o the r ch i ldren h e r age . 

A concen t ra t ed team effort w a s , and wil l 
c o n t i n u e to b e , essent ia l for m a n a g i n g S F ' s 
m o b i l i t y and p ros the t i c needs . C h o o s i n g 
appropr ia te i t ems and t ra in ing S F in the i r 
u se r equ i red inpu t from p h y s i c i a n s , p h y 
sical a n d occupa t iona l therap is t s , p ros -

the t i s t s , e n g i n e e r s , or thot i s t s , nurses , so 
cial worke r s and family m e m b e r s . S F ' s 
dai ly needs , deve lopmenta l ab i l i t i es and 
family c i r cums tances , as well as her o r 
thopaed ic s ta tus , inf luenced the dec i s ion 
mak ing . Crea t ive th ink ing and coopera t ive 
efforts e n a b l e d th i s ser ious ly phys ica l ly 
h a n d i c a p p e d chi ld to ach ieve s o m e degree 
o f age-appropr ia te mob i l i t y a n d indepen
dence . 
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Principles of Design For 
Lower Limb Orthotics 

Andre Bahler 

INTRODUCTION 
W h e n d e s i g n i n g an o r thos i s , ca re shou ld 

b e g iven to the p r inc ip l e that the still 
ex i s t ing m o t i o n s m u s t no t b e res t r ic ted 
m o r e than is necessa ry and that t he pa t ien t 
is secure . T h e pos i t i on o f the or tho t ic j o i n t 
axes wil l h a v e to b e c h o s e n in such a w a y 
tha t they m a t c h the b o d y axes as perfect ly 
as p o s s i b l e . A t each j o i n t w h i c h does not 
co inc ide w i t h the natura l j o i n t , n e w "shear 
s t r e s s e s " wi l l appea r w h i c h are cont ra ry to 
the natural m o t i o n a n d therefore l imit it. 

FRONTAL PLANE 
CONSIDERATIONS 

T h e co rne r s tone o f e v e r y lower l i m b or
thos i s i s , o f course , t h e foot sec t ion ; w h e n 
d e s i g n i n g th is par t i t i s o f vi tal i m p o r t a n c e 
that t he b a s i c s ta t ic l a w s a re respec ted a n d 
to m a k e full use o f all avai lable p o s 
s ib i l i t i e s . A h o u s e c a n n o t b e bui l t o n an 
uns t ab l e founda t ion . T h e foot sec t ion 
a lone , t h rough i ts s h a p e and th rough its 
s t ructure great ly d e t e r m i n e s the s ta t ics . In 
A n g l o - S a x o n coun t r i e s the foot par t i s 
often a t tached o n t o the ou t s ide o f the shoe . 
In Cent ra l Europe i t i s cus tomary to i n t e 
grate the foot par t i n t he shoe . B o t h so lu
t ions p re sen t advan tages and d i sadvan
tages . 

W h e n the or thos i s is a t t ached to the s h o e 
the effective p o s i t i o n i n g of the s top is 

espec ia l ly difficult a n d c o s m e s i s is c o m 
p r o m i s e d . T h e bu i l t - in sanda l r equ i res 
space -caus ing p r o b l e m s w i t h t h e s h o e 
s i ze . I n gene ra l , t he foot par t w h i c h is in 
d e p e n d e n t o f t he s h o e h a s the advan tage o f 
offer ing m o r e poss ib i l i t i e s and c learer 
p ropor t ions i n regards to the en t i re or
thos i s . 

Bas ica l ly , t he s a m e fabr ica t ion p r inc ip les 
app ly to b o t h d e s i g n s o f foot sec t ions . T h e 
p o i n t o f reference for t he fabr ica t ion o f an 
o r thos i s is a level flat surface. T h e s h o e a n d 
t h e foot suppor t h a v e to form a un i ty w i t h 
the level f loor, i . e . the suppor t in the shoe 
a n d the s h o e o n the f loor h a v e to h a v e a 
so l id b a s e , so the pa t ien t ga ins a feel ing o f 
s tab i l i ty . It i s of secondary impor t ance 
w h e t h e r the foot is in p rona t ion , sup ina 
t ion or a neut ra l pos i t ion . T h e neces sa ry 
b a l a n c e , w h a t e v e r its ex ten t , can b e ad
ju s t ed . In the e n d , the suppor t and the s h o e 
h a v e to conform to the floor. 

T h e leng th and cut o f the suppor t are 
ve ry impor tan t . A low lateral tr im g ives 
less ho ld on the ou t s ide . D e p e n d i n g on the 
s ta tus , the t ip o f the suppor t wi l l b e t r im
m e d s t ra ight or , i n order to avoid an out 
s ide tilt , a s l ight de tors ion cu t m a y b e used . 

CONTROL OF THE HEEL 
T h e pos i t ive mode l shou ld b e o f the 

natura l hee l w h e n the w e i g h t o f the b o d y is 
o n it . B e c a u s e the foot o f a pa t i en t is usual ly 
m o l d e d w i t h the w e i g h t off o f i t , the hee l 



m u s t b e s l ight ly flattened o n the p las ter 
pos i t ive mode l . T h e plas ter is added to the 
s ide to g ive the ca lcaneus e n o u g h room. In 
the case of a correc t ing hee l w e d g e , it is 
impor t an t that this should be in the shape 
of a flat surface a n d m u s t not b e left round . 
To leave a r o u n d n e s s w o u l d m e a n to in
val ida te the cor rec t ion , b e c a u s e the hee l 
w o u l d b e left uns t ab l e and could s l ide back 
in to the or ig ina l pos i t ion . 

ALIGNMENT OF 
THE FOOT SECTION 

A st ra tegic p o i n t in the cons t ruc t ion of 
the foot sec t ion is t he lateral pos i t i on ing of 
the suppor t i n re la t ionsh ip to the ank le . If it 
is pos s ib l e to correct the foot act ively or 
pass ive ly a n d to set it back in to the neutra l 
posi t ion then it is ind i spensab le that the 
p l u m b l ine o f the leg and o f t he or thos i s 
coincide wi th the p lumb line of the foot part 
(Fig. l ) . S i n c e th i s is not a lways poss ib le 
w h e n dea l ing w i t h a pe s varus , laterally 
a l ign the support . In the case o f a pes val
gus the suppor t r ema ins s t ra ight and 

b e l o w the ankle . S h o u l d the suppor t b e 
kep t too media l ly the pa t ien t wi l l a lways 
tilt towards the ou t s ide . 

T h i s correc t ional pos i t i on is a great he lp 
in ho ld ing the foot. T h e d i sp lacement o f 
t he suppor t toward the ou t s ide wil l have a 
greater correc t ional effect than any p rona
t ion w e d g e can. If t he se rules are appl ied 
carefully w h e n a l igning prona t ion and 
sup ina t ion , p ressure s y m p t o m s wil l b e 

a v o i d e d on the foot . W h e n p res su re 
s y m p t o m s appear on the ou t s ide or the in
s ide o f the ankle after f i t t ing the or thos i s , 
the p r inc ip le of t he s tructure ha s to b e 
c h e c k e d over . In the case of pes valgus a 
suppor t h a v i n g b e e n set too m u c h on the 
ou t s ide leads to an un in t en t iona l b e n d 
w h i c h inval ida tes every in ternal correc
t ion. 

T h e angle o f the toe out d e p e n d s o n 
s t and ing and wa lk ing a l ignmen t o f the pa
t ient . T h e j o in t s shou ld , i f at all pos s ib l e , 
l ie o n the sagit tal p lane ; n o mat te r w h a t the 
ou tward turning o f the foot i s , th is con
t r ibutes to a l e s sen ing of the ene rgy con-

Fig. 1. Left: Alignment of the foot section. If foot correction is possible, the foot and the foot section of 
the orthosis should be centered under the plumb line center of the leg. Center: A varus deformity 
cannot be accommodated or corrected if the foot section is centered under the leg; instead laterally 
align the foot section and add a wedge with a flat surface. 



Fig. 2. No matter what the amount of toe out is, the ankle joint should be aligned in the sagittal plane in 
order to decrease energy consumption and wear on the orthotic joints. 

sumpt ion dur ing wa lk ing a n d the w e a r o f 
the b race (F ig .2 ) . 

THE KNEE 
To correct a va lgus k n e e or a va rus k n e e , 

correc t ional forces a b o v e and b e l o w the 
k n e e mus t b e appl ied . T h e pos i t i on ing o f 
t he coun te r p ressures o n the h i p and b e l o w 
the k n e e is a lso ve ry impor t an t (Fig. 3 ) . 
Overcor rec t ion o f a va lgus k n e e or a varus 
k n e e limits the ex tens ion o f the leg. In the 
case o f valgus k n e e , an over -cor rec t ion re
sults in f lexion; a dec i s ion must b e m a d e 
b e t w e e n a full cor rec t ion and the f reedom 
of movemen t . T h e fol lowing could b e used 
as a rule of t h u m b : i f the pat ient is a ch i ld , 
c h o o s e cor rec t ion; i f h e is an adult , c h o o s e 
m o v e m e n t . 

THE HIP AND THIGH 
T h e m a i n pr inc ip le to b e re ta ined for the 

h ip and th igh is : avo id a n y free-play 
b e t w e e n the o r thos i s and the leg. In 
o the r words , do no t a l low the leg to m o v e 

i n s i d e the o r thos i s . T h i s i s abso lu te ly de
t r imenta l to t he secur i ty and the sure foot
ing o f the pa t ien t . 

T h e w e a k e r t he musc le s o f the h i p j o i n t , 
the t igh te r the o r thos i s m u s t b e fitted 
a b o v e the k n e e . W i t h a w e a k g lu teus medius, the u s e o f an a b o v e - k n e e encas ing is 
r e c o m m e n d e d . T h e result wi l l b e im
m e d i a t e in that t he pa t i en t wi l l walk wi th a 
surer s tep . If p i s t on ing is a l lowed, at each 
m o v e m e n t i t wi l l c ause great d iscomfor t 
a n d p o s s i b l y resul t i n an o p e n sore . Gi rd les 
m a y b e of va r i ed shape and cons t ruc t ion . 
Each girdle wil l h a v e to b e m a d e i nd iv idu 
ally to sui t t h e pa t ien t and the t rea tment . 

SAGITTAL PLANE 
CONSIDERATIONS 

T h e a b o v e - k n e e pros thes i s is a m e c h a n i 
cal subs t i tu te for the leg and the s a m e 
mechan i ca l p r inc ip les apply for k n e e ankle 
foot o r thoses . W h e n in a free erect pos i 
t ion , the torso is uphe ld b y the legs in such 
a w a y that the b o d y ' s cen te r o f gravi ty is in 
a s table ba l ance . A hea l thy pe r son does this 



Fig. 3. Left: Correctional force applied foe valgus knee correction. Center: Forces emanating from the 
foot section should be placed as laterally as possible to control Genu Varum. Right: A lateral flare 
added to the foot section will help to dimmish varus forces at the knee. 

Fig. 4. Statics of the standing position. Left: If the ankle is locked completely, there are essentially 
two physical bars present, designated by the dotted lines K-D and K-F. The center of gravity must 
rise if bar K is moved in either direction. Left: If only one direction of fall is blocked there are again 
two physical bars, K-D and K-E Bar K-E is unstable if a clockwise rotation occurs. This simulates 
the mechanics of a dorsiflexion stop ankle foot orthosis, which is adequate for knee stabilization 
with patients having slight to medium quadriceps paralysis and an intact iliopsoas and gluteus 



bo th act ively a n d pass ive ly . Ac t ive s tab i 
l iz ing is caused b y the musc le s ; the 
para lyzed pa t ien t e i ther canno t perform or 
can part ial ly perform this s tab i l iza t ion . 
T h e l igamen t s take care of the pass ive 
s tab i l iza t ion by p reven t ing a b e n d i n g of 
the j o in t in cer ta in d i rec t ions w h i c h l imits 
the k e e p i n g o f a firm s tance to only one 
pos i t i on , b u t saves ene rgy . O f all true 
m a m m a l s , m a n is the only one to possess 
such a safety dev ice and h e is therefore the 
on ly o n e to b e ab le to s tand erect such a 
long t ime . 

O n l y the pass ive s tabi l iza t ion funct ions 
can b e re inforced b y or thoses because the 
muscu la r sys tem is not intact ; this is w h e r e 
t h e h i n g e - j o i n t s w i t h t h e i r s t o p p i n g 
m e c h a n i s m c o m e in to play. 

THE STATICS OF THE 
STANDING POSITION 

A b o d y is in equ i l i b r ium w h e n the 
p l u m b l ine emerg ing from the cen te r o f 
gravi ty of the b o d y runs th rough the base 
of support . T h e equ i l i b r ium r ema ins if the 

cen te r of gravi ty ra i ses w h e n the b o d y 
changes pos i t ion ; i t is uns teady if the 
cen te r r e m a i n s in p lace , or lowers . 

If a b a r is ba l anced vert ical ly i t is uns ta
b le and wil l r e m a i n so if we igh t is appl ied 
to it. If an angular lever is added in the shape 
of a foot then the b a r is s tab i l i zed . Phys i 
cally speak ing , there is no t a b r a n c h i n g ba r 
bu t two s t ra ight o n e s , t he mechan i ca l axes , 
r u n n i n g from K to D and from K to F, re
spect ive ly . N o w if a h i n g e is p laced o n E , 
then there is aga in one s ingle bar , K - E , 
w h i c h i s in an uns t eady equ i l i b rum. Bu t if 
o n e d i rec t ion of fall i s b locked there is 
again in the p r e sence of two phys ica l ba r s , 
one in the b locked d i rec t ion K - D , the o ther 
in the u n b l o c k e d d i rec t ion K - E . T h i s leads 
us to the fol lowing conc lus ions : 

1. If one j o in t is b locked then the two 
adjacent l i m b s can b e cons ide red as o n e 
un i ty . T h e l i m b s form a r ig id lever w h o s e 
m e c h a n i c a l impor t ance l ies in the l ine con
nec t ing the two free ends . Th i s l ine cor res 
ponds to the shared m e c h a n i c a l longi tudi 
na l axis of bo th l i m b s w h i c h inc identa l ly 
does no t ma tch the ana tomica l longi tudina l 
axis . 

Fig. 5. Mechanics of a KAFO with a dorsiflexion stop and different knee joints. Left: Conventional 
KAFO knee alignment. This alignment should be used when little or no iliopsoas and gluteus 
maximus are present. The orthotic knee joint can be used when good hip control is present. The 
posterior position of the orthotic knee joint, combined with a lengthened foot support, can stabilize 
the knee without a lock. 



2. Fo r all s tat ic and d y n a m i c s tud ies only 
the mechan i ca l axes are o f impor t ance . 

App ly ing these conc lus ions to or thot ics 
a l lows the u se o f a l ight ankle foot o r thos i s 
w i th a b locked dors i f lexion stop on pa
t i en t s h a v i n g on ly s l igh t to m e d i u m 
para lys is of the quad r i ceps and an intact 
i l iopsoas and gluteus m a x i m u s . If a locked 
k n e e j o in t b e c o m e s necessa ry b e c a u s e o f 
t he degree o f para lys is , t he dorsif lexion 
s top m u s t b e reduced cons ide rab ly b e 
cause the k n e e and foot m o v e m e n t s shou ld 
no t b e b l o c k e d at t he s a m e t ime . 

T h e m e c h a n i c s of a K A F O w i t h dorsif
lex ion s top a n d offset k n e e j o in t s will n o w 
b e desc r ibed . T h e further back the k n e e 
j o i n t is p laced , the greater t he s tabi l i ty (Fig . 
5 ) . In o rder for t he al tered pos i t i on o f the 
k n e e j o in t of the or thos is to s h o w any re
sul ts , the o r thos i s ha s to b e fitted perfect ly; 
i f th is is no t the case , the upward s l id ing o f 
the or thos i s wil l cause frict ion and render 
t he effect nega t ive . 

T h e angle of the dors i f lexion s top has a 
very impor t an t s t re tch ing funct ion; ex 
pe r i ence has s h o w n that the angle , m a k i n g 
a l lowance for the hee l he igh t , should n e v e r 
exceed 90 degrees . S h o u l d the angle o f the 
dors i f lexion s top be m o r e than 90 degrees , 
the knee wil l b e hype rex t ended a n d the 
pa t ien t wi l l have t rouble rol l ing h i s foot 
proper ly . 

In order to increase s tab i l iza t ion o f the 
k n e e , do no t ex t end the angle o f the dors i 
f lexion s top bu t lengthen t he foot support . 
T h e exact s t ructure and the cho ice o f a dor
sif lexion s top have to b e de t e rmined and 
m o u n t e d o n the pa t ien t w h i l e h e is s tand
ing. H e shou ld s tand as s t ra ight as poss i 
b l e , w e a r i n g the o r thos i s and s h o e s , 
k e e p i n g h i s feet parallel and the toes 
a l igned; i n th i s pos i t i on the stop should b e 
f ixed wi thou t p lay and pressure . 

PREREQUISITES FOR THE 
APPROPRIATENESS OF 
SUCH AN ORTHOSIS 

• T h e affected leg shou ld s h o w n o con
tractures at the h ip and the knee - jo in t . T h e 

pa t ien t shou ld b e ab le to s tretch the 
knee - jo in t pass ive ly w i thou t p rob l ems . 

• T h e i iopsoas and the gluteus max
imus should not b e too weak . In any case , 
the pa t ien t mus t b e ab le to m o v e the 
k n e e jo in t b a c k and forth act ively and eas 
i ly wh i l e in a s t and ing pos i t ion . 

• T h e pa t ien t , espec ia l ly ch i ld ren , m u s t 
b e wi l l ing to get used to the or thos i s and 
pract ice a cer ta in wa lk ing d i sc ip l ine . 

T h e r e m a i n i n g musc l e tone of t he quad 
r iceps does no t p lay an impor tan t role , 
wh i l e a wel l -calcula ted dorsif lexion s top 
and the leng th o f the foot suppor t are of 
dec i s ive impor t ance . A s s u m i n g that the 
ad jus tment of the plantarf lexion stop i s 
c o m m o n k n o w l e d g e , i t should b e r e m e m 
b e r e d that the s top, in the case o f a drop 
foot , h inde r s t he s t re tching o f the k n e e 
and m a y even have a k n e e - b e n d i n g effect 
w h e n the hee l is ready to s t r ike the floor. 
Fo r this r eason o n e should op t for a soft 

Fig. 6. Knee joint used in Switzerland extends the 
knee and provides stability by using an offset align
ment. A spring extension mechanism and optional 
knee lock are incorporated into the design. 



plantarf lexion s top , a l though this is not a 
very es the t ic so lu t ion , s i nce a bu lk ie r 
ankle j o in t is r equ i red . 

S i n c e the pa t i en t wea r ing an or thos is 
wi th an offset k n e e j o i n t ha s s o m e t rouble 
m o v i n g h i s l ower leg forward, i t is often 
neces sa ry to inser t a spr ing ex tens ion 
m e c h a n i s m in to the k n e e j o i n t w h i c h m a y 
also b e hade to se rve to s tab i l ize t he knee . 

F o r a b o u t t w e n t y years a knee - lock has 
b e e n used in Swi tze r l and w h i c h bo th 
s t re tches the k n e e a n d m a y b e locked (Fig . 
6 ) . T h e pa t i en t feels m o r e secure and the 

jo in t faci l i tates the forward m o t i o n o f the 
lower leg. N o sys t em, e v e n unde r the m o s t 
f avorab le c o n d i t i o n s , can r e p l a c e the 
quadr i ceps . A l though b y m a k i n g small 
i m p r o v e m e n t s he re a n d there , the pa
t i en t ' s comfor t and appea rance can b e im
proved . 

Mr. Bahler is President of the Atelier for Modern Orthopedics in 
Zurich, Switzerland. He has served as President of INTERBOR for two 
terms, and is President of the Swiss Association, and Vice President of 
ISPO 



The Orthoglas Transparent 
Test Socket—An Old Idea, 
A New Technology 

Alvin C. Pike, C.P. 
Lynnette K. Black, R.T.(P) 

INTRODUCTION 
A comfor tab le funct ional fit of the socke t 

i n a p ros thes i s is the first, and m o s t im
por tant , aspec t o f p ros the t ic f i t t ing. A great 
a m o u n t o f i n g e n u i t y a n d effort have g o n e 
in to m e t h o d s to ensure an excel lent socket 
fit, inc lud ing specia l cas t ing p rocedures 
a n d dev i ce s , mod i f i ca t ion t e c h n i q u e s , 
socket mater ia ls and padd ing , and the u se 
o f test socke ts . Tes t socke t p rocedures , fre
quen t ly called " c h e c k s o c k e t s " h a v e b e e n 
u s e d a n d taught for over forty years , b u t 
w i t h o u t the advan tage o f t ransparency . 
Mater ia l s such as w a x , p las ter b a n d a g e and 
a va r ie ty of res ins have b e e n used . 

In h is p re sen ta t ion to the M i n n e s o t a 
Phys ia t r i c Assoc ia t ion in M a y , 1982, F rank 
Zond lo , M . D . , s ta ted that the benef i t s o f 
u s ing the T T S far o u t w e i g h e d the addi 
t iona l cost . If a lower ex t remi ty a m p u t e e is 
p reven ted from re turn ing to a normal , pro
duc t ive life due to an il l-fi t t ing socket , the 
cos t to soc ie ty can b e subs tan t ia l . A s an 
a b o v e k n e e a m p u t e e and a res iden t phys i 
c i an in Phys ica l M e d i c i n e and Rehab i l i t a 
t ion at the U n i v e r s i t y o f M i n n e s o t a , Dr . 
Zond lo has had first h a n d expe r i ence wi th 
T ranspa ren t Test Socke t s . H e be l i eves the 
T T S prov ides a m o r e ob jec t ive w a y o f de
t e r m i n i n g p roper socke t fit b y a l lowing the 
pros the t i s t to see w h a t is h a p p e n i n g ins ide 
the socket du r ing bo th stat ic we igh t bear 
ing a n d d y n a m i c a l ignment . 

USE OF 
TEST SOCKETS 

Pros the t i s t s th roughou t the count ry w h o 
have b e e n u s i n g T T S , have b e g u n to de
ve lop cri ter ia to " r e a d " the t i ssue w i t h i n 
the socket . P r i m a r y cr i ter ion so far is to 
ach ieve a s l ight , un i form b l a n c h i n g ove r 
the en t i re res idual l i m b . Excess ive pres 
sure m a y b e ind ica t ed b y a very wh i t e 
b l anch ing . It can b e re l ieved b y g iv ing the 
area m o r e space or b y inc reas ing the pres 
sure a round the area. Lack o f total contact is 
ind ica ted b y a r edd i sh t inge (e ry thema) 
a n d if excess ive , s o m e b lu ing (Fig . 1-7). 
Var ious mater ia ls (a lg inate , pour-a-pad , 
e tc . ) can b e in jec ted in to the socket and 
a l lowed to migra te dur ing w e i g h t bea r ing 
to fill vo ids a n d assure total contact . Pres 
sure sens i t ive areas can b e located b y 
p r o b i n g wi th a corset s tay or b y p r o b i n g 
th rough ho les dri l led in to the tes t socket . 

ADVANTAGES 
T h e advantages o f a n y type of test socke t 

are as fol lows: 
• Socke t fit can b e evaluated and m i n o r 

c h a n g e s b e m a d e w i t h o u t ru in ing the final 
socket . 

• Ma jo r c h a n g e s can b e no ted a n d m a d e 
o n the pos i t ive plas ter mode l . In s o m e 



cases , t he se can also b e m a d e on the test 
socket . 

• If the test socket is a t tached to the 
o ther c o m p o n e n t s o f the p ros thes i s , socke t 
fit can also b e eva lua ted dur ing wa lk ing . 

• S i n c e the test socke t will b e d i scarded 
a n y w a y , t he pros the t i s t is m o r e l ikely to 
m a k e ad jus tmen t s , s o m e t i m e s o n a trial 
a n d error b a s i s , to i m p r o v e the fit. 

DISADVANTAGES 
Al though test socke ts have m a n y ad

van tages , t h e y are no t u sed b y m a n y prac
t i t ioners w h o c o n s i d e r the fol lowing i t ems 
to b e d i sadvan tages to u s ing them: 

• S o c k e t fit does no t s e e m to b e a p rob 
l em wi th m o s t pa t i en t s , so test sockets are 
no t necessa ry . 

• Tes t socke ts are cos t ly in t ime and 
m o n e y , r equ i r ing an extra pa t ien t ap
p o i n t m e n t a n d the fabr ica t ion o f an addi
t ional socke t , often u s i n g expens ive ma te 
rials and r equ i r ing specia l e q u i p m e n t . 

• T h e effect of test sockets is d i m i n i s h e d 
w h e n pros the t ic socks are worn b y the pa
t ient , as actual sk in contac t canno t b e seen . 

Fig. 1. The Orthoglas Cone is an acrylic material that 
comes preformed in a cone shape for vacuum form
ing. 

Fig. 2. Special equipment designed for using the Orthoglas cone. Clockwise from the top: vacuum stand with 
Delrin Ring, oven stand for the Orthoglas Cone, inner and outer rings, and foot strap. 



• A test socke t is no t effective un less the 
pa t ien t wa lks w h i l e wea r ing it . M a n y test 
sockets are u sed statically and the effect of 
wa lk ing forces c a n n o t b e de te rmined . 

METHOD 
A n e w , s impl i f i ed t echno logy has b e e n 

deve loped for fabr ica t ing the t ransparent 
test socket . It is a the rmoplas t i c , acrylic 
ma te r i a l ca l l ed O R T H O G L A S * a n d i t 
c o m e s in the shape o f a cone ra ther than a 
flat shee t . C o m p a r e d to plast ic shee t mate 
rial , the c o n e shape is m o r e advantageous 
for v a c u u m forming pros the t ic sockets . 
T h e r e is n o t ime w a s t e d m e a s u r i n g and 
cut t ing shee t mate r ia l to s ize a n d there is 
less mater ia l was te . T h e cone re ta ins a 
more un i form wal l t h i ckness dur ing heat
ing and fo rming (Fig . 8 ) . 

T h e O R T H O G L A S C o n e has several 
t ime- sav ing proper t ies . It i s ready to use ; 
n o cur ing or drying is necessary . It can b e 
v a c u u m formed over a we t or dry plaster 
cast . O R T H O G L A S is thermoplas t ic so it 

*Available from Otto Bock Orthopedic Industries 

Fig. 3. Vacuum forming a transparent test socket. 

Figs. 4-A & 4-B. Using an Orthoglas TTS to evaluate the fit of an Above Knee suction socket. 



Fig. 5. The Orthoglas TTS is used for dynamic align
ment by bonding it to a pylon with acrylic putty. 

can b e hea t ed and r e shaped for m i n o r 
modi f i ca t ions . 

Spec i a l tools w e r e d e s i g n e d to ease the 
vacuum forming process . A n i n n e r r ing 
a n d an outer ring* w i t h hand les are p laced 
a round the b a s e of the O R T H O G L A S 
C o n e . T h e C o n e w i t h r ings i s p laced on a 
s tand in an a i r -c i rcula t ing oven at 190°C 
(375°F) for approx imate ly ten m i n u t e s . T h e 
plas ter mode l w i th a s tandard wa te r p i p e is 
p laced i n t o a v a c u u m p ipe wi th delr in disk 

w h i c h is connec t ed to the vacuum sys tem 
(Fig . 9 ) . 

After ten m i n u t e s , or w h e n the O R 
T H O G L A S C o n e is m i lky w h i t e and 
s l ight ly concave at the top , it is taken out of 
the oven and pul led over the plas ter mode l . 
T h e b a s e of the C o n e wil l conform to the 
delr in d i sk crea t ing a v a c u u m seal . V a c u u m 
is appl ied and after the C o n e has formed to 
the plaster m o d e l a n d cooled , i t can b e 
t r i m m e d a n d f in i shed us ing conven t iona l 
g r ind ing and po l i sh ing tools (Fig. 10) . 

O n c e all f i t t ing eva lua t ions and any 
n e e d e d correc t ions have b e e n m a d e to the 
t ransparen t test socke t dur ing b o t h stat ic 
w e i g h t bea r ing a n d d y n a m i c a l ignment , 
the def in i t ive p ros thes i s can b e made . 
A n o t h e r s igni f icant advan tage of O R 
T H O G L A S is that all acryl ic r e s in s , acrylic 
put t ies a n d po lyure thane foams wil l b o n d 
to it w i thou t spec ia l surface prepara t ion . 
Ins tead of l amina t ing an i n n e r socket , o n e 
can b e v a c u u m formed m u c h faster w i th an 
O R T H O G L A S C o n e . Proper ly re inforced 
wi th an ex te r ior l amina t i on o f ORTHOCRYL R e s i n , t he O R T H O G L A S C o n e can 
b e u sed as the i nne r socket in the defini
t ive p ros thes i s . 

Pa t i en t r e sponse s to T T S f i t t ings are very 
favorable , o p e n i n g be t te r l ines o f com
m u n i c a t i o n b e t w e e n the ampu tee and 
pros the t i s t . T h e ampu tee takes a m o r e ac
t ive role in the f i t t ing and has m o r e under
s tand ing of the complex i ty o f p ros the t i c fit 
as wel l as t he impor t ance o f accurate com
mun ica t ion . 

Al Pike and Lynnette Black are with Otto Bock Orthopedic Industry 
Inc. of America, in Minneapolis, Minnesota. 



Hip, Knee, Ankle Foot Orthosis: 
Lateral Bar Design With Spring 
Extension Assist Hip Joints 

James Brown, C.P.O.A. 
Gerald Tindall, C.P.O. 
Robert Nitschke, C.P. 
Peter Haake, M.D. 
Kenneth V. Jackman, M.D. 

INTRODUCTION 
T h e lateral ba r , h i p , k n e e and ankle foot 

o r thos i s ( H K A F O ) w a s deve loped for pa
t ien ts w h o n e e d an or thos i s b e y o n d the 
P a r a p o d i u m , deve loped b y W . M . Mot lock , 
at the O n t a r i o Cr ipp led Chi ld ren ' s Cen te r , 
Toron to , C a n a d a . T h i s o r thos i s ha s b e e n 
successful ly u sed for pa t ients w i t h m u s 
cular dys t rophy, sp ina b i f ida , cerebra l 
pa lsy a n d t raumat ic in jur ies resu l t ing in 
pa rapareses o r paraplegia . Var ia t ions in 
des ign and mater ia l s have m a d e i t pos s ib l e 
to fabr icate o r thoses for a b road age group 
o f pa t ien ts wi th neu romuscu la r involve
m e n t . In t he case o f sp ina b i f ida , t he pa
t ien t w h o gradua tes to the H K A F O from a 
Pa rapod ium wil l sacr if ice the free s tand ing 
feature o f the Pa rapod ium, bu t m a y gain 
the oppor tun i ty to ambu la t e w i th a rec ip
roca t ing or sw ing - type gai t (Fig. 1 ) . 

A s m a n y o f ou r pa t i en t s approach 
ado lescence , t hey express the des i re to b e 
c o m e i n d e p e n d e n t ; an or thos is that is cos 
met ica l ly accep tab le is o f great impor tance . 
Accep t ance o f the or thos i s is m a d e eas ie r 
b e c a u s e the o r thos i s can b e cove red , a n d 
the pa t ien t can funct ion w i t h n e w f reedom. 
In the t r ea tmen t o f m a n y pa t i en t s , t he n e e d 
to cont ro l k n e e , ankle and h i p contrac tures 

Fig. 1. Patients can use a reciprocating or swing-
through gait with the orthosis. 



Fig. 2. A body jacket or anterior shell is used when 
an exaggerated lumbar curve and a forward lean are 
present. 

Fig. 3. Conventional double upright designs are 
bulkier and have a higher incidence of breakage. 

to facil i tate future ambu la t ion is an ever-
present cha l lenge . T h i s o r thos i s , wi th a 
th ree -po in t force des ign , ma in t a in s a neu 
tral knee , ankle , and h ip , once contractures 
have been reduced by phys ica l therapy or 
surgery . W h e n h ips are so cont rac ted that 
an exaggera ted l u m b a r curve is v i s ib le and 
a forward lean is p resen t , a b o d y jacke t or 
an an te r io r thorac ic a b d o m i n a l shell or a 
pad m a y b e used to create a coun te r force 
(Fig. 2 ) . 

In t he past , doub le upr igh t o r thoses wi th 
knee pad des ign were m a d e o f a l u m i n u m 
(Fig. 3 ) . T h e s e o r thoses w e r e no t only 
bu lky , b u t funct ional ly they fell shor t o f 
a ccompl i sh ing i n d e p e n d e n c e for t he aver
age pat ient . The b reakage rate w a s very 
h igh , resul t ing in the device spend ing 
more t ime in the lab than on the pat ient . 

T h e b reakage p rob lem has b e e n reduced 
wi th the use o f s ta inless steel for s t rength 
and po lypropy lene for f lexibi l i ty . 

T h e b e n e f i c i a l f e a t u r e s o f t he 
Pa rapod ium were not present in the stan
dard doub le upr igh t with knee pads and 
pelvic band . T h e foremost accompl i shment 
in the design of the H K A F O was to main
tain the three-point force sys tem as in the 
Parapodium (Figs . 4 A , 4 B ) . T h e conven
tional doub le upr igh t wi th pelv ic b a n d of
fers very little in funct ional des ign . In the 
past, a h ip jo in t that unlocked easi ly and 
would re lease even w h e n the pat ient 
exerted force on i t b y leaning forward was 
not avai lable . T h e h ip jo in t d e s i g n e d for 
the H K A F O is fabr icated with a spr ing that 
can b e va r i ed in s ize and s t rength . It is 
poss ib le to vary the t ens ion of the spr ing to 
ach ieve mi ld or forceful hip ex tens ion as 
well as a de ter rent aga ins t contractures . 
Th i s h ip jo in t will also allow the young 
pat ient , w h o may b e f r ightened to release 
the h ip s wh i l e s t and ing , to lean back in the 
cha i r first and then release the h i p s . 



Fig. 4-A. The Parapodium uses a basic 3-point force 
system to stabilize the patient. 

Fig. 4-B. The lateral bar design fits under clothes and 
uses the same 3-point forces employed in the 
parapodium. 

DESCRIPTION OF 
COMPONENTS 

B e c a u s e o f the d ispar i ty in age and o ther 
charac ter i s t ics o f the pa t ien ts w h o are fit
ted wi th the lateral ba r o r thos i s , each com
ponen t of the or thos is is gauged in s t rength 
and s ize to the funct ional defici t o f the pa
t ient , and to h i s age , we igh t and he igh t . 
C o m p o n e n t s o f each jo in t ar t iculat ion, 
ankle , k n e e and h ip are carefully c h o s e n to 
u se the pa t i en t s ' res idual funct ions and to 
apply p r o p e r cor rec t ive o r suppor t ive 
forces w h e r e n e e d e d . For example , foot 
o r thoses such as the U C B or arch suppor t 
inser ts are often u sed to ach ieve the mos t 
su i table ankle foot a l ignment , a n d to dis
t r ibute w e i g h t over a larger suppor ted 
area. If pos s ib l e , t he ankle and foot shou ld 

ach ieve a neutral pos i t ion . In cases o f de
formity , the U C B wil l d i s t r ibu te correc t ing 
forces b y r educ ing the use o f correct ive 
straps (T straps) (Fig. 5 ) . Ank le jo int var ia
t i ons , l imi ted , free mo t ion , dual ac t ion or 
dors i f l ex ion ass i s t a re c h o s e n as pe r 
ana tomica l and funct ional need . 

T h e b a s i c o r thos i s from the shoe proxi
mal cons i s t s as fol lows: a cal iper plate wi th 
lateral 90° s ta in less steel (SS) ex tens ion spli t 
s t i rrup wi th S S drop lock, w h i c h sl ides 
over the 90° S S ex tens ion . T h i s ach ieves 
sol id f ixat ion to the cal iper a n d e l imina tes 
use of s traps to m a i n t a i n s t i rrups in cal iper . 

T h e ankle jo in t (SS) is c h o s e n as per 
funct ional deficit . The re is an over lap o f 
the ankle upr igh t and lower k n e e j o i n t , 
w h i c h is u s e d for g rowth ad jus tments (not 
n e e d e d in adul ts) . 



Fig. 5. The use of UCB shoe insert can oftem correct 
foot deformities without the need for corrective 
straps. 

Fig. 6. Anterior view. Note the pretibial band of 
polypropylene reinforced with stainless steel. 

KNEE JOINT DESIGN 
K n e e j o in t s m a y b e u s e d wi th o r w i thou t 

drop lock. T h e lock is not u sed w h e n ten
s ion of t he ankle j o in t and ex t ens ion assis t 
h ip j o in t wi l l ma in ta in the k n e e in 180° 
upon w e i g h t bea r ing ; this wil l a l low the 
pa t ien t to ambu la t e w i t h the free knee . A 
pre- t ib ia l b a n d is fabr ica ted o f po lypropyl 
e n e vary ing in t h i cknesses o f 9 0/1000", 1/8", 
3 / 1 6 " , and 1/4" (Fig. 6 ) . Plast ic is fo rmed over 
the an te r io r med ia l lateral p las ter spl int o f 
the k n e e . T h e l in ing is 1/8" or 1/4" Plas tazote 
o r Pel i te . T h i s b a n d is re inforced w i t h a 
s ta in less s teel b a n d an te r io r , s h a p e d to the 
p las t ic a n d a t tached to the lateral k n e e 
j o i n t s . T h e th igh k n e e j o in t sec t ion over 
laps wi th the h ip j o in t to form growth ad
j u s t m e n t . 

K n e e hype rex tens ion is p r even ted b y a 
popl i teal s trap (Fig . 7 ) . T h i s strap loosens 
w h e n the pa t ien t s i ts b e c a u s e o f its p lace
men t . W h e n the pa t ien t s t ands , the strap 
t igh tens for pos te r io r support dur ing am
bula t ion . T h e popl i tea l s trap is pos i t i oned 
the s a m e d i s tance a b o v e the mechan ica l 
k n e e j o i n t cen te r as t he distal a t t achment . 
A polyester 1" o r 1 1/2" strap crosses pos t 
er ior from lateral calf to med ia l p re- t ib ia l 
th rough a loop and b a c k pos te r io r to the 
knee support lateral upright, where it at
taches to the truss stud or Velcro® loop. T h e 
media l a t t achmen t shou ld b e pos te r ior to 
the ver t ical m i d l i n e o f the k n e e . T h i g h en
c losures a re no t n e e d e d . Foot , k n e e and 
pe lv ic b a n d are a l igned us ing a th ree -po in t 
force sys t em. T h e advan tages o f this strap 
are inc reased s i t t ing ba lance and comfor t 
due to the lack of pos te r io r th igh b a n d s , 
a n d the reduc t ion in n u m b e r o f adjust
m e n t s due to g rowth . T h e or thos is e l imi 
na t e s forces on a l ready taxed j o in t s in the 
s i t t ing pos i t i on (F ig . 8 ) . T h e advantages o f 
an or thos i s d e s i g n e d w i thou t th igh cuffs in 
cons ide ra t ion o f the i ncon t inen t pat ient 
are o b v i o u s . 

HIP JOINT DESIGN 
Over the years , two types of h ip joints 

h a v e b e e n u s e d in f a b r i c a t i n g t h e s e 
H K A F O s . T h e first was m a d e wi th a 
chamber . T h e amount of extension would b e 



Fig. 7. Note that there are no posterior bands on the 
legs. A wide popliteal strap prevents hyperextension 
and loosens during sitting. 

Fig. 8. The lack of thigh cuffs makes sitting more 
comfortable. 

Fig. 9. Lateral view showing the high location of the 
hip joint and the wide pelvic band. 

varied b y the use of a stainless steel spring of 
different tens ion or a rubber block. A rubber 
block is used w h e n the orthotist chooses to 
design the orthosis with a fixed h ip , in con
junct ion wi th anterior thoracic shell , or ster
nal pad, as in the case o f hip o r lumbar con
tracture. Although the h ip joint wi th rubber 
block is used w h e n a fixed h ip is desired, it 
also offers a cushion upon heel strike, which 
reduces breakage. 

In t roduc t ion o f t he ex t ens ion ass is t h ip 
j o in t g ives the pa t i en t a l ternat ive gait pat
te rns , sw ing through, swing to , or r ec ip 
rocat ing gai t . 

T h e s econd h ip j o in t was o f t h inne r de
s ign . Ex tens ion ass is t w a s accompl i shed 
us ing r u b b e r b a n d s . T h e s e b a n d s w e r e the 
s a m e as t h o s e u s e d o n pros the t ic uppe r 
ex t remi ty t e rmina l dev ices . Bo th h i p jo in t s 
are d e s i g n e d w i t h a s top after the j o i n t ha s 
f lexed 15°. T h e lock re lease levers are bas i 
cally the s a m e . T e n s i o n can b e var ied us ing 
addi t iona l b a n d s . T h e s e c o n d h ip j o in t s are 
d e s i g n e d w i t h a s top after the j o i n t has 
flexed 15°. T h e second h ip jo in t design m a y 
b e altered to a static, s imply b y riveting the 



Fig. 10. The hip joint is placed higher for heavier 
patients to allow for the spreading of tissue during 
sitting. 

Fig. 11. Close-up of hip joint and pelvic band during 
sitting. 

movable components (Fig. 9) . Sternal pad, 
body jacket or thoracic shell are supported 
laterally by SS extensions attached to the pel
vic band. Velcro(R) straps are used to maintain 
the system in position. 

T h e pe lv ic b a n d shou ld b e o f suff icient 
s ize to cove r the d i s tance b e t w e e n the 
p e r i n e u m to the p rox imal aspect o f the 
i l ium. T h e lateral b a n d is d iv ided into 
thirds . T h e ana tomica l h i p j o in t cen te r is 
p o s i t i o n e d o n t h e l o w e r t h i r d ; t h e 
mechan i ca l j o in t is loca ted on the uppe r 
th i rd . T h i s a l i gnmen t pos i t ions the b a n d 
ove r t he mid -aspec t o f the bu t tock . W i t h 
the mechanical h ip jo in t posi t ioned 1/3 su
per io r to ana tomica l h i p j o in t , the d is 
tance b e t w e e n the cen te rs inc reases w h e n 
the pa t ien t s i t s , t h e r e b y re l iev ing p ressure 
o n the an ter ior k n e e (Fig . 10) . 

T h e h ip jo in t is loca ted super io r to the 
n o r m w i t h the o b e s e pat ient . Th i s creates 
addi t ional space for ad ipose t i ssue to ex
p a n d w h e n the pa t i en t s i ts . Pe lv ic b a n d 
s ize and s t rength are de t e rmined b y the 
pa t i en t s ' he igh t a n d we igh t . T h e pe lv ic 
b a n d is f rabr icated from o n e o f four 
th i cknesses : 90/1000", 1/8", 3/16" o r 1/4" o f poly
p ropy lene . T h e s e b a n d s are fo rmed over 
soft a l u m i n u m m o l d s p r e shaped to in i t ia l 
m e a s u r e m e n t s . T h e b a n d is later p a d d e d 
wi th 1/8" or 1/4" o f Plas tazote o r Pel i te (Fig . 
11). 

SUMMARY 
T h e lateral b a r h i p , k n e e , ankle foot or

thos i s wi th spr ing ass is t h ip ex t ens ion has 
been successfully used for pat ients wi th 
muscu la r dys t rophy , sp ina b i f ida , ce re 
bral palsy and t raumat ic sp ina l cord l e s ions 
that resulted in paraplegia or parapares is . 
B reakage has been s ignif icant ly reduced 
because o f the use o f s ta inless steel and 
f lexible c o m p o n e n t s . T h e w e i g h t h a s b e e n 
reduced as c o m p a r e d to conven t iona l or
thoses . M a n y pa t ien t s w i t h res idua l h i p 
f lexion can ambu la t e w i th rec ipoca t ing 
gait. Cosmes is has been improved. The or
thos i s , as a therapeut ic dev i ce , ass is t s in 
the s tab i l iza t ion o f cont rac tures o f the 
k n e e , h ip and ankle . 

T h e pa t i en t shou ld b e g iven the oppor 
tun i ty to reach op t imal a m b u l a t i o n w i t h 
m i n i m a l or tho t ic appl ica t ion . W e cons ide r 
the lateral b a r o r thos i s to b e a m i n i m a l de
v ice for t hose pa t ien t s w h o n e e d bi la tera l 
H K A F O w i t h pelvic suppor t . 

James Brown, Gerald Tindall, and Robert Nitschke are all with 
Rochester Orthopedic Laboratories in Rochester, N e w York Peter 
Haake is the Senior Associate Orthopedist at Rochester's Strong Memo
rial Hospital. Ken Jackman is Assistant Professor of Orthopedics and 
Pediatrics at Strong Memorial Hospital. 



The Psychological Aspects of 
Amputation Surgery 

Steven H. Alpert 

FORWARD 
T h e goal of this art icle i s to p resen t the 

i s sues c o n c e r n i n g the psycholog ica l as 
pects o f ampu ta t i on surgery in as conc i se 
and o rgan ized a m a n n e r as pos s ib l e . T h e r e 
appears to b e no straightforward approach 
to dea l ing w i t h th is m o s t compl ica ted 
top ic . B road te rms and desc r ip t ions have 
b e e n u s e d so that t he major i ty o f the infor
ma t ion could b e appl ied to all popu la t ions . 
It i s impera t ive that o n e rea l ize that n o goal 
is una t t a inab le , a n d wi th that focus in 
m i n d , o n e can a t tempt to unde r s t and the 
psycho log ica l p r o b l e m s o f the a m p u t e e , i f 
o n e a s sumes the r e spons ib i l i ty to do so . 

INTRODUCTION 
" P s y c h o l o g y is often neg lec ted or 
g lossed over in m o s t w o r k s deal ing 
w i t h the rehab i l i t a t ion o f the am
pu tee . T h i s is unfor tunate b e c a u s e , in 
m y o p i n i o n , e m p h a s i s on this sub jec t 
is necessa ry . Trea t ing the psycho log i 
cal p r o b l e m s faced by the ampu tee 
often has m o r e s ign i f icance to h is life 
than the qual i ty o f the surgery or t he 
n a t u r e o f h i s p r o s t h e t i c d e v i c e . 
T r a i n i n g in the b road s e n s e imp l i e s , 
m o s t o f all, dea l ing wi th the pa t ient ' s 
e m o t i o n a l s tate. Because m o s t o f us 
feel at a loss w i t h these p r o b l e m s , w e 
t e n d to re legate t hem to t h e " b a c k 
b u r n e r " and deal w i th t h e m b y ig
n o r i n g t h e m . Unfor tunate ly , t he am
p u t e e canno t ignore t h e m . " 1 

T h e a m p u t e e is n o different than a n y 
o the r h u m a n b e i n g that is confronted w i t h 
a cr is is s i tua t ion , i n that h e mus t adapt 
ra ther than s u c c u m b to the h a n d i c a p p i n g 
cond i t ion . Diff icul t ies encoun te r ed are 
often due to mi spe rcep t i ons o f w h a t life for 
an ind iv idua l l abe led " a m p u t e e " is ac tu
ally l ike , a n d consequen t ly , great p rob lems 
in rehab i l i t a t ion result . T h e rehabi l i t a t ion 
p rocess is two-fold in nature , p rov id ing 
phys io log ica l a n d psycholog ica l restora
t ion. Ideal ly , t he rehabi l i t a t ion process 
should b e g i n preopera t ive ly . In success 
fully a ccompl i sh ing the rehabi l i t a t ion pro
c e s s , o n e mus t in i t ia l ly b e aware o f the 
b a s i c h u m a n needs in every ind iv idua l ' s 
l i fe , necessa ry to m a i n t a i n a p roper sys tem 
of e q u i l i b r i u m , for a no rma l da i ly ex i s 
t ence , i nc lud ing b o t h b io log ica l and en
v i ronmen ta l e l emen t s . 

O n c e one is aware o f these b a s i c h u m a n 
n e e d s , i t b e c o m e s apparen t that this sys 
t em o f ba lance b e c o m e s d is rupted as a re
sult o f ampu ta t ion surgery and , h e n c e , 
mus t be reestablished. Postoperatively, this 
m o s t effect ively b e g i n s b y i m p l e m e n t i n g 
the use of an i m m e d i a t e or early pos tsur 
gical f i t t ing of a t empora ry pros the t ic de
v i ce . T h i s p rocedure is no t prac t iced as a 
m e a n s o f evad ing the i s sue o f accep t ing 
the loss . In dea l ing wi th the goal of 
psycho log ica l rehab i l i t a t ion , the ampu tee 
se ldom accepts the loss , ra ther h e adapts 
to it. O n c e the pe r son effectively deals 
w i th the in ternal i s sues leading to suc
cessful adap ta t ion to life as an ampu tee , 
h e m a y then a t tempt to resolve the exter
nal i s sues o f t he amputa t ion i tself , and 



t hose i s sues invo lv ing o ther ind iv idua l s . 
Tak ing in to accoun t th is synops i s of life 
pr ior to a n d after ampu ta t ion , it b e c o m e s 
ev iden t that the p r o b l e m s c o n c e r n i n g the 
p s y c h o l o g i c a l a s p e c t s o f a m p u t a t i o n 
surgery canno t b e v i e w e d from a s ingle 
van tage po in t . 

H o w the ampu tee deals w i th the h a n d 
icapp ing cr is is s i tua t ion cons ide rab ly de
pends u p o n h o w h e accompl i shed resol
v ing s imi la r cr is is s i tua t ions p r io r to the 
amputa t ion .* Unive r sa l r eac t ions to am
puta t ion are charac te r ized b y self-pity, 
anx ie ty , shock , anger , frustrat ion, and 
pr imar i ly grief: 

" T h e p r o b l e m s expe r i enced b y the 
pa t ien t wil l clearly d e p e n d on the 
l i m b that is lost , t h e extent o f the am
puta t ion , and the pa t ien t ' s reac t ion to 
p rev ious expe r i ences of loss in h i s 
life. T h e d i sab i l i ty m a y , therefore , 
range from comple te i m m o b i l i t y to 
the n e e d ' to acqu i r e ' n e w skills and a 
n e w life style w i th an artificial l i m b . 
S o m e pa t i en t s s e e m able to cope wi th 
this ve ry wel l and the i r r ehab i l i t a t ion 
p rogresses ve ry smooth ly . H o w e v e r , 
there are s o m e pa t ien t s w h o wil l have 
to 'un learn ' m a n y th ings and for 
w h o m read jus tment is a long and 
painful p rocess w h i c h m a y n e v e r b e 
c o m p l e t e d . 2 

Reac t ions genera l ly are not universa l ly 
d isp layed in a n y chronolog ica l order a n d 
m u s t b e ind iv idua l ly accomoda ted . In ad
di t ion , h o w a pe rson e n v i s i o n s the hand
i capp ing cond i t ion g ives r i se to h i s defi
ni t ion of wha t the loss means internally, 
thus in f luenc ing the ind iv idua l ' s self con
cept . S i d n e y F i s h m a n , P h . D . feels that 
t he se pe rcep t ions are often qu i t e inaccu
rate a n d " i n m o s t cases , re la t ively un
real is t ic and d is tor ted self pe rcep t ions re
sult. T h i s is no t a surpr i s ing a s s e s s m e n t 

s ince the pa t ien t does no t normal ly have 
access to a n y cons ide rab le expe r i ence wi th 
ampu tee s . H e does no t k n o w w h a t to ex
pec t in l iv ing as an amputa ted pe r son , and 
in v i e w of t he ra ther s igni f icant t rauma 
assoc ia ted wi th h i s loss , h e tends to focus 
h i s anx ie t i e s on the amputa t ion a n d to 
cons ide r the amputa t ion a m o r e centra l 
factor i n h i s life than is r e a l i s t i c . " 3 T h e 
c o n s e q u e n c e s o f this m i spe r cep t i on are 
ev iden t pos tsurgical ly th rough lack o f 
mo t iva t ion , specif ical ly in the area o f re 
hab i l i t a t ion . 

THE REHABILITATION 
PROCESS 

Rehab i l i t a t ion for the a m p u t e e can b e 
de l inea ted as a two fold p rocess : (1) 
Phys io log ica l res tora t ion o f b o d y funct ion, 
v ia imp lemen ta t i on of p ros the t ic replace
m e n t ex t remi t i e s , and (2) Psychologica l re
s tora t ion o f emot iona l equ i l i b r ium. P rob 
l e m s related to the total rehabi l i t a t ion of 
the ampu tee actually evolve from a c o m b i 
na t i on o f b o t h the phys io log ica l a n d 
psycho log ica l losses i n c u m b e n t w i th am
puta t ion , such that , unt i l the t i m e w h e n 
adequa te res tora t ion for bo th lo s ses , to 
harves t e q u i l i b r i u m , is i m p l e m e n t e d b y 
the rehab i l i t a t ion t eam, the reacc l imat ion 
in to a normal and hea l thy lifestyle canno t 
occur for the a m p u t e e . 

PRE-OPERATIVE 
CONSIDERATIONS 

Opt ima l ly , it w o u l d b e bes t to in i t ia te 
t he p rocess o f psycho log ica l r ehab i l i t a t ion 
pr ior to ampu ta t ion surgery . A l though in 
e m e r g e n c y ampu ta t ions th is is no t poss i 
b l e , in m o s t ins tances th is pr inc ip le can 
b e i m p l e m e n t e d . L a w r e n c e F r i e d m a n , 
M . D . feels that " a frank d i scuss ion is fre
quen t ly avo ided b y bo th the su rgeon and 
the pa t ien t , and th is is de t r imenta l to b o t h . 
A real is t ic b r i e f d i scuss ion of the advan
tages and d i sadvan tages o f each cour se o f 
ac t ion shou ld b e an impor tan t part of the 
dec i s ion to a m p u t a t e . " 4 

B e g i n n i n g the rehab i l i t a t ion p rocess 
p reopera t ive ly al lows the pa t ien t t i m e to 

*from an etiological perspective, amputations are either acquired or 
congenital, and are generally classified as to site and level of absence An 
acquired amputation classifies the individual who had a normal em
bryonic development, but after birth, due to some extraneous cir
cumstance, loses a limb in part or in toto. The congenital amputation 
classifies the individual who, due to some genetic disorder during 
embryonic development, is born without a limb in part or in toto The 
scope of this thesis primarily deals with the noncongenital adult limb 
amputee, but principally, may be applied to all amputees (i.e. mastec
tomy, maxillo-facial, etc.) providing certain distinguishable considera
tions are outlined 



m e n t a l l y p r e p a r e for t h e a m p u t a t i o n 
surgery . H u m m states two essent ia l factors 
w h i c h m a y b e ga ined from preopera t ive 
t rea tment ; "F i r s t ly , phys ica l p repara t ion is 
s tar ted ear ly a n d the pre -procept ive i m 
pulses o f ba l ance o n two legs are ma in 
ta ined up to the ve ry last m o m e n t before 
ampu ta t ion ( this is m o s t vital for a speedy 
progress on a p ros thes i s ) and , secondly , i t 
i s an excel lent t ime for mak ing a start on the 
pa t i en t ' s men ta l rehab i l i t a t ion b y a l lowing 
h i m or h e r to m e e t and see o ther ampu t ee s 
at va r ious s tages o f t ra in ing; th is is l inked 
wi th a s imp le exp lana t ion o f the impor 
tance of exerc i se before amputa t ion and the 
reassurance that all is no t l o s t . " 5 

Behav io r ly , m o s t pa t i en t s t end to sup 
press the i r aggres s iveness toward the sur
geon as a m e a n s o f 'p lea ba rga in ing ' 
aga ins t amputa t ion . At th is po in t , q u e s 
t ions b y the pa t ien t should a lways b e en
couraged . It i s vi tal ly impor t an t that the 
pa t ien t under s t and that n o ampu ta t ion is 
per formed unt i l all pe r sons conce rned h a v e 
agreed that there is n o reasonab le al terna
t ive b u t to amputa te : 

" A m p u t a t i o n is no t to b e m e n t i o n e d 
to h i m ( the pa t ien t ) unt i l all doctors 
c o n c e r n e d w i t h the case are agreed 
that it is ind ica ted and o n e senses that 
the pa t ien t is menta l ly p repared . Each 
o f t he se cons ide ra t ions is an impor 
tant as t he other . W h e n they are b o t h 
o b t a i n e d , the keys tone o f the ap
p roach to the pa t i en t is to inject each 
remark wi th a pos i t i ve s ta tement or 
imp l i ca t ion that all efforts are be ing 
u n i t e d to g ive h i m painfree ambula 
t i o n . " 6 

T h e d e c i s i o n to ampu ta t e mus t be pre
sen t ed to the pa t i en t in the m o s t s impl i s t ic 
m a n n e r pos s ib l e . It i s impor tan t that the 
su rgeon in te rmi t t en t ly re inforce that he is 
m a k i n g every poss ib l e effort to avo id am
pu ta t ion surgery , bu t i f it i s unavo idab le , 
that h e reassure the pa t ien t ' s pos topera t ive 
level o f funct ion: 

" W h e n the pa t i en t and surgeon con
s ide r that amputa t ion is the mark 
po in t o f fai lure, funct ional failure is 
f requent ly assured . I f t he pa t ien t con

s iders ampu ta t i on as a lesser degree 
o f succes s , bu t still successful i n that 
it res tores h i m to a relat ively func
t ional , sat isfying life, then the pa t ien t 
a n d the su rgeon and o ther m e m b e r s 
o f the a m p u t e e c l in ic team have b e e n 
s u c c e s s f u l . " 7 

O n c e the dec i s ion to amputa te has b e e n 
d e t e r m i n e d by b o t h the surgeon a n d the 
pa t ien t , the surgery should b e carr ied out 
as readi ly as pos s ib l e . Delay in amputa t ion 
often fosters dep res s ion , su ic ida l u rges , 
and universa l ly a fear o f death. 

POST-OPERATIVE 
CONSIDERATIONS 

In approach ing the process o f psy
chologica l r ehab i l i t a t ion o f the a m p u 
tee , be fore further cons ide ra t ion is di
rec ted toward the pos topera t ive e l ement , 
o n e mus t h a v e a concre te pe rcep t ion o f the 
b a s i c h u m a n n e e d s that mus t b e sat is
fied in every individual ' s life in order to 
m a i n t a i n the neces sa ry sys tem o f ba lance 
for dai ly ex i s t ence . T h e s e h u m a n n e e d s in 
parallel w i t h the rehabi l i t a t ion p rocess , 
m a y also b e d iv ided in to two in ter re la ted 
ca tegor ies , and m a y b e classif ied as e i the r 
b io log ica l o r env i ronmen ta l in nature . 

T h o s e n e e d s w h i c h are l abe led b io log ica l 
are gene t ica l ly de t e rmined at b i r th , and are 
genera l ly v i e w e d as survival m e c h a n i s m s 
such as hunge r , th i rs t , avo idance o f pa in , 
a n d sexual grat i f icat ion. O n the o ther 
h a n d , the env i ronmen ta l needs are gener 
ally acqu i r ed th rough societal v i e w s such 
as the n e e d for a c h i e v e m e n t , respect , and 
s tatus: needs mus t b e incorpora ted in to 
o n e ' s dai ly r e g i m e . A l though o n e m a y as 
s u m e that these two areas are separa te , 
they are in terre la ted. In that failure to m e e t 
the n e e d s in o n e ca tegory can cause an im
ba lance in the oppos i t e and/or affected 
ca tegory . S i n c e the ampu tee is in fact 
h u m a n , it i s impera t ive that h e ma in ta in 
e q u i l i b r i u m in bo th ca tegor ies . W h e n 
focus ing on the a m p u t e e , it b e c o m e s evi 
den t that , as a resul t o f the amputa t ion 
surgery , an o b v i o u s imba l ance in each 
ca tegory resul t s , vary ing in degree from 



o n e ind iv idua l to the next . Because o f the 
phys io log ica l p e r m a n e n c e o f ampu ta t ion 
surgery , one mus t b e aware that res tor ing 
e q u i l i b r i u m is a s e e m i n g l y in su rmoun ta 
ble p roces s , bu t o n e w h i c h can b e suc
cessfully a c c o m p l i s h e d th rough mot iva 
t ion in a rehab i l i t a t ion program. 

K e e p i n g in m i n d that the b a s i c h u m a n 
needs o f the ampu tee have b e e n d i s rup ted 
as a result o f ampu ta t ion surgery , several 
pos topera t ive i s sues m a y n o w b e cons i 
dered . In order to ach i eve the mos t effec
t ive s tate o f e q u i l i b r i u m , p ros the t i c de
v ices mus t b e p rov ided in order to res tore 
a p p r o p r i a t e func t i on a n d a p p e a r a n c e . 
Pos topera t ive ly , u se o f r ig id d ress ings pro
tec ts the w o u n d s i te and m a y also serve 
as a socket for an i m m e d i a t e pos topera t ive 
pros thes i s .* Ernes t Burgess , M . D . states 
the fo l lowing advan tages to i m m e d i a t e and 
early p ros the t ic f i t t ings: 

" P h y s i c a l and psycholog ica l advan
tages are a t t r ibuted to this funct ional 
i m m e d i a t e p ros the t i c sys tem. T h e 
pa t ien t does not undergo a l imbless 
t ime interval . S o m e degree o f func
t ional res tora t ion b e g i n s i m m e d i 
ately. Es t ab l i shed p a t h w a y s o f neu 
romuscu la r cont ro l are less l ikely 
to fade wi th early l i m b use . Res idua l 
l i m b pa in is desc r ibed as b e i n g seen 
far less in the pa t ien t w h o has a r ig id 
d ress ing immed ia t e ly after surgery 
than w i t h the conven t iona l soft t i s sue 
m a n a g e m e n t . T h e t ime for the l i m b 
matura t ion and overall ampu tee re
hab i l i t a t ion , inc lud ing hospi ta l iza
t ion, is repor ted to b e cons ide rab ly 
shor ter w i th th is sys tem. T h e genera l 
phys ica l and men ta l s ta te o f t he pa
t ient is benef i t t ed b y early genera l 
phys ica l act ivi ty as wel l as p h y s i o 
logical l i m b f u n c t i o n . " 9 

S i d n e y F i s h m a n , P h . D . , further s t resses 
the psycholog ica l benef i t s o f an early 
p ros the t ic fi t t ing: 

" I m m e d i a t e and early p ros the t ic fit
t ing p rocedures h a v e major p s y c h o 
logical va lues in r educ ing the ex tent 

o f the actual a n d pe rce ived d i sab i l i ty 
and c o n s e q u e n t l y of the psycho log i 
cal t r auma assoc ia ted wi th it. Th i s is 
pos s ib l e s ince the pa t i en t is n e v e r (or 
for a ve ry shor t pe r iod) w i thou t a 
l i m b (a lbei t an artificial o n e ) . T h e 
i m m e d i a t e avai labi l i ty and w e a r o f a 
p ros thes i s m a y leg i t imate ly t end to 
reduce the ex tent o f the defens ive 
r e a c t i o n s r e q u i r e d . T h i s in tu rn 
tends to facil i tate the p rocess o f 
a c k n o w l e d g e m e n t a n d a d a p t a 
t i o n . " 1 0 

Burgess conc ludes and re inforces the v i e w s 
o n i m m e d i a t e pos topera t ive f i t t ings o f the 
prosthesis** b y s tat ing: 

" T h e rap id t rans i t ion from l i m b loss 
to func t ion b e s p e a k s h o p e . T h i s 
mot iva t ion can m a k e the difference 
b e t w e e n effective rehab i l i t a t ion a n d 
f a i l u r e . " 1 2 

Al though no t a lways successful , the 
ideal goal o f i m m e d i a t e pos topera t ive 
pros the t ic f i t t ings is to e n h a n c e the e m o 
t ional p s y c h e o f the a m p u t e e b y res tor ing 
funct ion , thus speed ing the recovery t ime . 
It is not , h o w e v e r , de s igned to evade the 
i s sue o f amputa t ion . It is impera t ive that 
the a m p u t e e work th rough this i s sue in 
order to rees tab l i sh a no rma l psycholog ica l 
out look. 

STAGES OF ADJUSTMENT 
L o s i n g an ex t remi ty is ve ry s imi la r to 

los ing a loved one . Dr . E l i sabe th Kuble r -
Ross in he r b o o k On Death and Dying 
e x p l a i n s seve ra l s t ages an i n d i v i d u a l 
wil l go th rough in a t t empt ing to work 
th rough the i r o w n dea th exp la in ing , " t h e 
harder t hey s t ruggle to avo id the inev i t ab le 
dea th , the more they try to deny i t , the 
more difficult it wi l l b e for t hem to reach 
th is f inal s tage o f accep tance . . . . " 1 3 

*the postoperative fitting is immediate if the prosthesis is applied 
before the sutures are removed, and early if it is applied after removal of 
the sutures but before the patient is ready for permanent fitting. 8 

**Berlamont (Berk Plage), in the services of professor Deberyre, started 
using this technique in 1958 In 1963 Weiss reported this method of 
myoplastic amputation and immediate postoperative fitting of the 
prosthesis (I.P.O.F.P.) at the Sixth International Prosthetic Course in 
Copenhagen. The same year he visited the University of California, San 
Francisco Medical School, and the U S Naval Hospital, Oakland Fol
lowing this visit an I.P.O.F.P. war started at the U.S. Naval Hospital, 
Oakland and a Veterans Administration Project to investigate 
I.P.O.F.P. was given to the Prosthetic Research Study Group in Seat
t l e ." 



Simi la r ly , L a w r e n c e F r i edman , M . D . states 
in The Psychological Aspects of Amputation 
Surgery that: 

" T h e f ines t reac t ion to the amputa 
t ion is more or less accep tance of the 
fact a n d regard ing it as s o m e t h i n g to 
b e o v e r c o m e . T h i s p rov ides the foun
dat ion for p ros the t ic use success and 
success in m e e t i n g l ife 's goals . If, 
h o w e v e r , the a m p u t e e uses the am
puta t ion as a m e a n s o f jus t i fy ing h is 
d e p e n d e n c y needs or as a m e a n s to 
avo id compe t i t i on , then the second
ary ga in der ived from these fee l ings 
assures that the pa t ien t a lways com
p l a i n s a b o u t t h e p r o s t h e s i s a n d 
b l a m e s all of h i s persona l i n a d e q u a c y 
a n d failures o n the lack of perfect 
func t ion ing p ros thes i s . . . . I feel that 
m o s t ampu tee s neve r totally accept 
the i r loss , b u t learn to deal w i th it , 
and this is t rue i r respec t ive o f the 
type of t r ea tment that they have re
c e i v e d . " 1 4 

W h e n dea l ing w i t h the psycholog ica l ad
j u s t m e n t of the ampu tee it i s impor tan t that 
the p roper perspec t ive b e m a i n t a i n e d as to 
w h a t the goal of the rehabi l i t a t ion p rocess 
actually is . It m a y b e pos tu la ted that mos t 
ampu tee s rarely accept the i r loss such that , 
the goal of a m p u t e e rehabi l i t a t ion should 
m o r e real is t ical ly b e adapta t ion o f the loss . 
F i n k i m p o s e s a theoret ical approach to the 
psycho log ica l rehab i l i t a t ion o f indiv iduals 
wi th a h a n d i c a p p i n g cond i t ions by de
sc r ib ing four sequen t i a l s tages of adjust
ment : (1) shock , (2) defens ive retreat , (3) 
a c k n o w l e d g m e n t , and (4) adapta t ion . 

Shock 
"Essen t i a l ly , shock is the pa t i en t ' s 
in i t ia l r e sponse to a threat to self-
preserva t ion , l eav ing the ind iv idua l 
emot iona l ly and intel lectual ly n u m b 
and man i fe s t ed b y d is rupt ion o f or
g a n i z e d th ink ing . T h e ind iv idua l has 
n o p lan of ac t ion and is essent ia l ly 
w i t h o u t psycho log ica l r esources . T h e 
real i ty of the s i tua t ion is too m u c h to 
hand le , resul t ing in overal l he lp less 
n e s s . " 1 5 

Lawrence F r i edman , M . D . ind ica tes that 
tel l ing " a pa t ien t that h e will no t b e he lp 
less and d e p e n d e n t i f h e par t ic ipates in a 
rehabi l i t a t ion p rogram is wha t is mos t im
p o r t a n t . " 1 6 P reope ra t ive d i s cus s ion o f 
shock does he lp the pa t ien t deal w i t h it 
pos topera t ive ly . It should b e no ted that 
dur ing this s tage suic idal impu l ses are 
prevalent and should b e hand led accord
ing ly . If the pa t ien t is jus t ta lking abou t 
su ic ide , take note of the i s sue b u t do no t 
over reac t , as it i s usual ly jus t an a t tent ion 
ge t t ing device b a s e d on self p i ty and de
spair , ind ica t ive o f a search for self wor th . 
If, h o w e v e r , the pa t ien t has a clear cut , 
p r emed i t a t ed m e t h o d o f carrying c u t the 
act, t hen it is sugges t ed that the pa t ien t b e 
r e m o v e d from the con t inued care wa rd and 
p laced in a psych ia t r i c care un i t so that 
c loser obse rva t ion can b e p rov ided . S h o c k 
is m o s t severe w h e n see ing the res idual 
l i m b for the first t ime , especial ly s ince 
phan tom* sensa t ion often prevai ls . S i m i 
larly, " s e e i n g the scar for the first t ime is 
a lways a t raumat ic e x p e r i e n c e . " 1 8 Bo th are 
c o n t i n u o u s r eminde r s of the d i s f igurement 
o f ampu ta t ion surgery . 

Defensive Retreat 
" A s the pa t i en t ' s resources b e g i n to 
m o b i l i z e , this p h a s e of the adjust
m e n t p rocess is p r o m p t e d b y anx ie ty 
reduc t ion , and ene rgy is therefore 
inves t ed in k e e p i n g c i r cums tances 
u n d e r control . T h e p h a s e is charac 
te r ized b y a c l ing ing to the past 
t h rough the use o f avo idance m e c h a 
n i s m s (fantasy, den ia l , mag ica l , and 
r ig id t h i n k i n g ) " 1 9 . 

O n e w a y in w h i c h the ampu tee den ies the 
a m p u t a t i o n i s v i a o v e r c o m p e n s a t i o n 
th rough excel l ing in recreat ional act ivi t ies 
or w o r k i n g excess ive ly hard . F r i edman re
fers to these pa t ien ts as b e i n g "p ro fes 
s iona l a m p u t e e s " a n d c o m m e n t s that 
" t h e s e peop le d e n y that a n y d isab i l i ty 
ex is t s . T h e y e n g a g e in sports and m a n y 
o the r ac t iv i t ies of the n o n a m p u t e e and , in 
fact, m a y s p e n d cons ide rab le t ime p rov ing 
h o w wel l t hey can funct ion as ampu tee s . 

*psychiatric theories tend to relate the phantom to wish fulfillment 
resulting from the denial of the loss of a part, and pain is explained as 
resulting from denial of effect associated with the loss 1 7 



T h e s e peop le d e m a n d t rea tment from 
others as n o n a m p u t e e s . " 2 0 

Acknowledgment 
" T h i s is a pe r iod of r e n e w e d psy
c h o l o g i c a l s t r e s s r e s u l t i n g f rom 
b r e a k d o w n o f the p r io r defenses b e 
cause o f lack o f r e in fo rcement o f 
these defense m e c h a n i s m s resul t ing 
from i n a d e q u a t e sa t is fact ions . Dur
ing th is per iod the pa t ien t usual ly 
r ecogn izes changes in h i s phys ica l 
self, thus p rovok ing a per iod o f 
s t ress charac te r ized b y depres s ion 
and mourn ing . A t the s a m e t i m e 
there are the b e g i n n i n g s of in te l lec
tual and emot iona l reorgan iza t ion 
w h i c h p roceeds in a u n i q u e a n d 
var iable pat tern for each p a t i e n t . " 2 1 

O n c e the pa t i en t des i res to i m p l e m e n t the 
u s e of a p ros thes i s , the d i sab i l i ty is re 
duced such that h e f inds i t eas ie r to adapt 
to the fact that a d i sab i l i ty exis t s . Fr ied
m a n feels that the pa t i en t is " l e s s shy and 
more gregar ious . T h e y react be t t e r to peo 
ple , e i the r i n or ou ts ide o f the therapeut ic 
s i tua t ion . T h e i r re la t ionsh ips wi th the i r 
famil ies i m p r o v e s ince they do no t feel 
t h e m s e l v e s as d e p e n d e n t a n d f rus 
t r a t e d . " 2 2 

Adaptation 
" T h e ex ten t to w h i c h the pa t i en t suc
ceeds in this reorgan iza t ion p rocess 
d e p e n d s on h is g rowth needs to de
ve lop a r e n e w e d self-respect , p ro
duct iv i ty , a ch i evemen t , and social 
accep tance . T h i s p h a s e of ad jus tment 
is op t imal ly charac ter ized b y the pa
t i en t ' s w i l l i ngness to take the n e c e s 
sary phys ica l and psycho log ica l r i sks 
no rma l ly a s soc ia t ed w i t h the re
hab i l i t a t ion p r o c e s s . " 2 3 

Simi la r ly , S i d n e y F i s h m a n conc ludes that 
" r ehab i l i t a t ion m a y b e sa id to b e success 
ful w h e n the amputa t ion and its related 
cons ide ra t ions are n o longer the central 
ad jus tment p r o b l e m for the indiv idual . A s 
the ab i l i ty to u se the p ros thes i s more au
tomat ica l ly , or subconsc ious ly inc reases , 
as the c l i en t ' s awarenes s of b e i n g phys i 
cally different b e c o m e s less th rea ten ing , 

and as the amputa t ion b e c o m e s a m i n i m a l 
source o f in ter ference in h i s /he r life ac
t iv i t ies , the e l emen t s o f successful re
hab i l i t a t ion have been a p p r o a c h e d . " 2 4 If 
the def in i t ive p ros thes i s cosmet ica l ly ap
pears to r e semble a no rma l ex t remi ty the 
ind iv idua l will feel normal , h o w e v e r , the 
pa t ien t mus t real ize that " t h e p rov i s ion of a 
p ros thes i s is bu t o n e s tep in a long j o u r n e y 
that s tar ted before amputa t ion , and wil l 
c o n t i n u e for a p ro longed per iod after the 
p ros thes i s is rece ived . T h e p ros thes i s is 
no t an e n d in itself, bu t a m e a n s to the end 
o f re tu rn ing the pa t ien t to h i s m a x i m u m 
a t ta inable p lace in s o c i e t y . " 2 5 O n c e the 
pa t ien t is ab le to effectively deal w i th the 
in ternal i s sues , successful ly adap t ing to 
life as an a m p u t e e , h e m a y then a t tempt to 
resolve i s sues involv ing o ther ind iv idua ls . 

S p e c k feels that the m a n n e r in w h i c h the 
hospi ta l staff deals w i th the conceptua l as
pect of d i s f igurement and surgical loss wil l 
have an effect on shap ing the "pa t i en t ' s 
reac t ion and that o f the family. It i s no t 
unusua l to f ind a pa t ien t w h o has d o n e 
wel l in the hospi ta l regress w h e n h e re
turns h o m e , b e c a u s e the family is no t 
psychologica l ly prepared to con t inue the 
rehab i l i t a t ion . T h e fami ly is an in tegra l 
part of the rehabi l i t a t ion team a n d should 
seek out educa t iona l oppor tun i t i e s to ef
fect ively take part in the p r o c e s s . " 2 6 In 
genera l , our soc ie ty tends to b e o b s e s s e d 
w i t h the ideal h u m a n form, such that any 
ind iv idua l w h o m a y devia te from this 
f lawless image ry , is labeled as 'd ifferent . ' 
B e c a u s e A m e r i c a n s are so caught up wi th 
this accep ted norm, they fail to real ize the 
o v e r w h e l m i n g emot iona l impac t of b e i n g 
confronted wi th the des t ruc t ion of b o d y 
i m a g e th rough amputa t ion . Not only does 
the ampu tee have to learn to ge t a long 
wi thou t the ex t remi ty and adapt to us ing 
s o m e type o f p ros thes i s , w h i c h n e v e r com
pares wi th the b o d y por t ion that i t re
p laces , bu t mus t also deal w i t h m a n y 
tangent ia l ly re la ted psychosoc ia l i s s u e s , 2 7 

such as sexual dysfunct ion. O n c e the am
pu tee has adapted to amputa t ion , the m a i n 
focus of rehab i l i t a t ion then is re in tegra t ion 
back in to as normal a life style as pos s ib l e 

It is ve ry impor tan t that the top ic of sex
ual i ty b e cons ide red . Ul t imate ly , w e are 



deal ing wi th a very sex-or ien ted soc ie ty , 
and s ince the amputee is ve ry m u c h a par t 
o f our soc ie ty , h e shares the s a m e r ights to 
th is h u m a n need . L i m b amputa t ion often 
p resen t s difficult ies b e t w e e n par tner re
l a t ionsh ips , resul t ing in the n e e d for sup
por t a n d reassurance from those ind iv idu
als w h o have unde rgone s imi la r surgery . 
P r o b l e m s encoun te red m a y result from dis
rup t ion in p rees t ab l i shed pa t te rns o f coi tal 
b e h a v i o r , in ter ference wi th ba l ance , and 
p h a n t o m pa in occur ing at o rgasm. V e r y 
li t t le has b e e n wr i t t en o n the sexual aspects 
o f r ehab i l i t a t ion , p r imar i ly b e c a u s e o f the 
unrea l i s t ic concep t o f ' asexual ag ing ' in our 
soc ie ty . Dur ing the rehabi l i t a t ion p rocess 
it is vi tal ly impor tan t to encourage sexual 
funct ion , to the degree the a m p u t e e feels 
comfor tab le . Concea l i ng the amputa t ion 
often p resen t s ser ious psychosexua l dif
f icul t ies , bas ica l ly due to the fact that , at 
s o m e po in t dur ing in t imacy , the amputa
t ion mus t b e r e v e a l e d . 2 8 

DISCUSSION 
T h e psycholog ica l aspects of amputa t ion 

surgery yie lds several major p rob l em areas 
that m u s t b e approached in a pe rcep t ive 
m a n n e r . A s an outs ider , o n e mus t intui
t ively real ize that life for the amputee has 
b e e n severe ly d i s rup ted in a mult i - faceted 
m a n n e r , in that he loses m u c h more than 
' jus t a l i m b ' as result of amputa t ion 
surgery , specif ical ly , the r ight to b e con
s idered a ' no rmal h u m a n b e i n g . ' " T h e 
psycho log ica l c o n s e q u e n c e s of hav ing an 
o b v i o u s d i sab i l i ty reflect not on ly the pa
t i en t ' s s e n s e o f loss and s h a m e , b u t also 
soc ie ty ' s evaluat ion o f wha t d isabi l i ty is 
and accep tance of d i sab led ind iv iduals . 
U n f o r t u n a t e l y , s o c i e t y s t i l l t o o of ten 
wrong ly cons ide r s the ampu tee a use less 
c r i p p l e . " 2 9 T h e a m p u t e e b e c o m e s a v ic t im 
o f social p re jud ice , a pub l i c spectacle of 
a w e , b e w i l d e r m e n t , and chas t i se . Mar 
r iage b e c o m e s a mi rage of h o p e for those 
a m p u t e e s w h o have no t ye t marr ied , and 
d ivorce b e c o m e s an inferno o f reali ty for 
those w h o have . S imi la r ly , b e i n g able to 
m a i n t a i n o n e ' s p rev ious voca t iona l inter
es t s , no t to m e n t i o n the obs tac le of b e i n g 
forced to m a k e a l ternat ive career cho ices 
are p reva len t i s sues conce rn ing the ind i 

v idua l w h o has u n d e r g o n e amputa t ion 
surgery . T h e s e are p rob l ems that mus t b e 
solved b y all of soc ie ty , not j u s t the am
putee a lone . L a w r e n c e F r i e d m a n upholds 
that " th i s is the cha l lenge to all o f us . H o w 
a m p u t e e s are t reated in the future reflects 
on our c iv i l iza t ion and on our concep t of 
rehabi l i t a t ion : our ac t ions today wil l b e 
t omor row ' s h i s t o r y . " 3 0 
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Triceps Pronation-Supination 
Orthosis 

Daniel P. Cole, C.O. 
Paula J . Clarkson, COTA/L 

INTRODUCTION 
T h e Tr iceps -Supina t ion Or thos is* was 

d e s i g n e d for a pa t i en t w i th f lexion con
tractures o f the r ight e l b o w and l imi ted 
p rona t ion and sup ina t ion seconda ry to a 
C 6 sp ina l cord injury (Fig . 1 ) . It is also 
des igned to dynamica l ly ex tend the e l b o w 
w h i l e still pe rmi t t i ng act ive e l b o w f lexion, 
p rona t ion , a n d sup ina t ion (F ig . 2 a n d 3 ) . 

D u r i n g rehabi l i t a t ive hosp i ta l iza t ion , 
e m p h a s i s w a s on inc reas ing r ight e l b o w 
ex t ens ion a n d funct ional u se . A ser ies of 
s ix i n h i b i t i v e serial casts* w a s appl ied to 
ob ta in gradual e l b o w ex tens ion . Ac t ive 
r ange inc reased approx imate ly 8 - 1 0 ° wi th 
each success ive cas t ing , bu t ga ins in this 
area w e r e no t ma in t a ined fo l lowing re 
mova l o f the cast . 

T h e pa t i en t ' s funct ional act ivi t ies w e r e 
impa i r ed due to a soft t i s sue cont rac ture of 
the r ight e l b o w , and ac t ive forearm prona
t ion a n d sup ina t ion w e r e nonfunct iona l . 
U p o n a d m i s s i o n , act ive r ight e l b o w exten
s ion m e a s u r e d m i n u s 70° wi th pas s ive ex
tens ion m e a s u r i n g m i n u s 35° . Spas t i c i ty 
w a s no ted w h e n act ive p rona t ion and 
sup ina t ion w e r e a t t empted . T h e left non-
d o m i n a n t u p p e r l i m b , b e i n g m o s t func-

t ional , h a d a g o o d t enodes i s grasp wi th 
pass ive range o f m o t i o n b e i n g w i t h i n nor
mal l imi t s . 

INDICATIONS 
T h e ut i l iza t ion o f a t r iceps p rona t ion-

sup ina t ion or thos i s should b e cons ide red 
for indiv iduals w i th e l b o w cont rac tures or 
spas t ic i ty a long wi th l imi ted act ive p rona
t ion a n d sup ina t ion . In add i t ion to sp ina l 
cord in jured ind iv idua ls , th is o r thos i s 
w o u l d b e benef ic ia l for pa t ien ts w i t h 
c losed h e a d in jur ies and Gui l l a in Bar re ' 
w i t h long te rm d isab i l i t i es . T h e o r thos i s is 
appl icab le for spas t ic i ty that r anges from 
m i l d to severe after o the r therapeut ic 
m e t h o d s have b e e n a t t empted to decrease 
spas t ic i ty . 

Ac t ive e l b o w ex tens ion o f m i n u s 45° and 
pas s ive p rona t ion and sup ina t ion are pre
requ i s i t e s for f i t t ing. T h e or thos i s wi l l ac
t ive ly ex t end the e l b o w to m i n u s 10° de
p e n d i n g upon the sever i ty of spas t ic i ty , 
a n d wil l pe rmi t full range in p rona t ion and 
sup ina t ion . 

T h e pa t i en t ' s persona l i ty and educa 
t iona l b a c k g r o u n d play a s igni f icant role in 
t ra in ing the ind iv idua l in or tho t ic u s e , re
gardless o f the success o f f i t t ing of the ac 
tual o r thos i s . T h e ind iv idua l w h o lacked 
mot iva t ion before h i s d i sab i l i ty shou ld no t 

*a series of plaster casting to release contractures or spasticity through 
neutral warmth with prolonged stretch in a submaxima! range 



b e expec t ed to b e d y n a m i c and mot iva ted 
after the onse t . 

ORTHOSIS DESIGN 
T h e t r iceps p r o n a t i o n — s u p i n a t i o n or

thos i s incorpora te ad jus tments regula t ing 

the a m o u n t o f t ens ion and force appl ied at 
the mechan i ca l e l b o w and radio-ulnar 
jo in t s . T h e s e ad jus tments enab le the orthotist o r therapis t to ba lance the or thos i s 
aga ins t the act ive o p p o s i n g muscu la ture . 

T h e adjustable ex tens ion ass is t e l b o w 

Fig. 1. Flexion contracture with limited pronation-supination. 

Fig. 2. Triceps Pronation-Supination Orthosis showing dynamic elbow extension and prona
tion. 



Fig. 3. Patient actively flexing the elbow and 
supinating the hand. 

Fig. 4. Dynamic elbow extension joint (cover removed). 

j o i n t (Fig . 4) was or ig inal ly des igned as a 
flexion ass i s t , bu t a modi f ica t ion to the 
coi led spr ing w a s m a d e to ob ta in the ex
t ens ion forces u s e d to s imula te the t r iceps . 
C l o c k w i s e - c o u n t e r c l o c k w i s e ro ta t ion o f 
the sp r ing ' s m o u n t i n g al lows ad jus tment 
o f t ens ion forces , e i the r increas ing the 
a m o u n t o f force b y rotat ing the spr ing 
c lockwi se , or dec reas ing it w i th coun
te rc lockwise rota t ion. A d e q u a t e e l b o w 

ex tens ion can b e ach ieved on ly w h e n 
funct ional pass ive range o f m o t i o n has 
b e e n es tab l i shed . 

T h e forearm is c o m p o s e d o f the radius 
and ulna and its ar t iculat ing surfaces 
w h i c h cons i s t s of the p rox imal radio-ulnar 
j o i n t and the distal radio-ulnar j o in t , bo th 
class i f ied as p ivo t j o i n t s . T h e p r imary 
m o v e m e n t pe rmi t t ed is rota t ion, and the 
j o in t is therefore monoax ia l . T h e p ivo t axis 
ex tends d iagonal ly from the p rox imal h e a d 
o f the radius to the distal head o f the u lna , 
the forearm rotates a round this axis , w h i c h 
results in sup ina t ion and prona t ion . 

Dur ing p rona t ion , the radius c rosses the 
u lna d iagonal ly (Fig. 5 ) . 

In order to s imula te sup ina t ion-pro
na t ion o f the h a n d wi th an o r thos i s , 
s imi la r charac ter is t ics mus t prevai l . R o d 
e n d bea r ings are u sed to m i m i c the rad io
ulnar jo in t s . Proximal ly , the rod end bear 
ings are r iveted to the forearm b a n d (Fig. 6) 
a n d distally to the po lypropy lene wr is t 
cuff (Fig. 7 ) . S ta in less steel l inkage rods 
s i m u l a t i n g t h e r a d i u s a n d u l n a a re 
th readed and rotate in the s leeve o f the 
p rox imal rod -end bea r ing . Th is ro ta t ion, 
coupled wi th the in t r ins ic p ivo t ac t ion o f 
t he bea r ing , enab les t he or thos is to imi ta te 
p rona t ion a n d sup ina t ion . Dis ta l ly , the 



Fig. 5. Orthosis shown simulating supination-pronation of the hand. 

Fig. 6. Rod end linkage attached to forearm band. Fig. 7. Distal rod end bearing attached to polypropylene 
wrist cuff. 

steel rods are statically a t tached to the rod 
e n d bea r ings . 

In order to dynamica l ly ass is t t he h a n d 
in to p rona t ion , a tors ion spr ing w a s incor
porated over the radial s ta inless s teel rod 
(Fig. 8). T h e tors ion spr ing is w o u n d in a 
coun te rc lockwise d i rec t ion for r ight h a n d 
p rona t ion , a n d c lockwise for left h a n d pro
nat ion . T h e tors ion spr ing p rov ided the 

neces sa ry force to pass ive ly advance the 
h a n d i n t o p r o n a t i o n . P rox ima l ly , the 
spr ing is a t tached to an outer ad jus tment 
s leeve . T h i s s leeve a l lows the or thot is t or 
therapis t to vary the a m o u n t o f force 
t ransmi t ted to p rona t ing the h a n d . An ad
di t ional spr ing can b e added to the ulnar 
s ta in less s teel l inkage rod i f m o r e force is 
r equ i red to prona te the h a n d . 



Fig. 8. Torsion spring assisting hand into pronation. Fig. 9. Triceps Pronation-Supination Orthosis increases 
patient's ability to self-propel a manual wheelchair. 

Functional Benefits 
T h e fo l lowing funct ional ac t iv i t ies can 

usual ly b e carr ied out w i t h the t r iceps 
p r o n a t i o n — s u p i n a t i o n o r t h o s i s a f t e r 
t ra in ing and pract ice . 

• I nc reased R a n g e o f M o t i o n . T h e or
thos i s dynamica l ly ex tends the e l b o w and 
pe rmi t s ac t ive e l b o w f lexion wh i l e ass is t 
ing wi th ac t ive p rona t i on—sup ina t i on . 

• Inc reases Ac t ive F u n c t i o n a l Fo rea rm 
R o t a t i o n . T h e or thos is ass is t s w i th wr i t i ng 
ski l ls , card p lay ing , and abi l i ty to p ick up 
ob jec t s . 

• W h e e l c h a i r M o b i l i t y . T h e or thos i s 
inc reases the abi l i ty to reach w h e e l r ims 
for self-propel l ing a manua l cha i r (Fig . 9) 
a n d p rov ides the r ange o f m o t i o n for 
r each ing the cont ro l o n an e lect r ic w h e e l 
chair . 

• F e e d i n g S k i l l s . Ut i l i z ing quad cuff 
u tens i l s , pa t i en t s can act ively a n d func
t ional ly feed t hemse lve s , p i ck up a cup , 
a n d cut food w i t h a rocker knife . 

• L i g h t H y g i e n e . T h e o r t h o s i s i n 
c reases the abi l i ty to c o m b hai r , b r u s h 
tee th and apply deodoran t . 
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Technical Note: 

Golf Club Holding Devices For 
Upper Limb Amputees 
Ram P. Bhala, M.D. 
Charles F. Schultz, C.P. 

ABSTRACT 
A dev ice for p laying golf b y an uppe r 

l i m b a m p u t e e wil l b e desc r ibed . M e d l i n e 
search as far b a c k as 1966 reveals that such a 
dev ice has n e v e r b e e n desc r ibed in t he 
b i o m e d i c a l l i terature . T h e dev ice is in ter 
c h a n g e a b l e w i t h a h o o k or h a n d , f t s i n to a 
s tandard p ros the t i c a rm a n d can b e u sed b y 
a r ight o r left a b o v e e l b o w or b e l o w e lbow 
a m p u t e e . T h e dev ice is i n e x p e n s i v e and 
can b e readi ly m a d e in a m a c h i n e shop . 

INTRODUCTION 
T h e g a m e of golf requi res the player to 

s w i n g a c lub downward ly through an arc in 
o rder to s t r ike a golf ball s i t t ing on a tee or 
ly ing on the g round . W h i l e it is poss ib le to 
successful ly sw ing a golf c lub us ing one 
h a n d , for the average person grea ter accu
racy and p o w e r are o b t a i n e d b y ho ld ing 
the c lub gr ip wi th bo th hands , a n d 
e m p l o y i n g bo th a rms in the back s t roke , 
t he d o w n o r p o w e r s t roke , and the 
fo l low-through. Fo r t he ab l e -bod ied aver
age p layer t h e m a k i n g o f a golf s w i n g w i t h 
bo th a rms a n d bo th h a n d s is a natural act 
that r equ i res prac t ice and excel lent coord i 
na t i on for cons i s t en t ly g o o d results . 

H o w e v e r , w h e r e a pe r son has lost o n e 
h a n d o r part o f the arm, unt i l n o w there ha s 
been n o pract ical dev ice repor ted in the 
pros the t ic l i terature to a l low the person a 
normal two-handed golf sw ing . S u c h am
putees , in s o m e in s t ances , m a y have de
ve loped cons ide rab le skill in s w i n g i n g a 
c lub wi th the i r one r ema in ing hand , but 

the i r inab i l i ty to offer the coord ina t ion and 
p o w e r o f a t w o - h a n d e d s t roke h a s left t hem 
h a n d i c a p p e d as o p p o s e d to an ab l e -bod i ed 
p layer . 

T h e r e is thus a n e e d for a p ros the t i c de
v ice that can b e used b y the average golfer , 
h a n d i c a p p e d b y the loss o f o n e hand o r 
par t o f the a rm, a dev ice that will a l low 
such a golfer to m a k e a re lat ively normal 
golf sw ing . T h e p ros the t i c dev ice de
sc r ibed he re a n d deve loped b y o n e of our 
a m p u t e e s is i n t e n d e d to satisfy the n e e d o f 
m a n y pa t i en t s wi th a rm amputa t ions . 

DESIGN DESCRIPTION 
T h e dev ice i s m a d e of b rass p i p e , s teel , 

a n d po lyu re thane r u b b e r , and has th ree 
m a i n par ts . (Fig . 1 a n d 2) 

A . The Distal Portion or the Head (Fig. 1-A 
and Fig. 3)—A p i e c e o f meta l p i p e , such 
as b r a s s , 2-1/4" x 1" wi th 1/8" th ick wall 
( A - l ) i s b razed on to a sol id p i e c e o f s teel 
(A-2) at an angle o f 10°. T h e o p e n i n g o f 
t h e meta l p i p e is t apered wi th a s teel 
p lug so that at i ts p rox imal end it i s 
s l ight ly larger in d iamete r t han at i t s 
d i s t a l e n d to a c c o m m o d a t e the tapered 
gr ip o f t he gol f c lub . O n e s ide o f the 
p i p e is cut open longi tudina l ly to al low 
an o p e n i n g 5 /8" in w id th for p l acemen t 
o f the golf c lub in to the dev ice . A t h u m b 
s c r e w (A-3) is ins ta l led th rough the 
h e a d to lock the golf c lub in place a n d 
p reven t i t from twis t ing w h i l e p laying 
golf. 



Fig. 1. Diagrammatic representation of the various components of the prosthetic device. 

Fig. 2. Assembled device with sponge rubber sleeve. 

B . The Middle Portion or the Wrist (Fig. 
1)—This h a s s emi - r ig id s t ructure a n d 
cons i s t s os two sol id steel rods ( B - l and 
B-2), e ach 2-1/4" x 3/8" inser ted t ight ly 
in s ide a po lyu re thane r u b b e r t ube 
(B-3), w h i c h is 2-1/4" l ong and h a s an 
ou t s ide d i ame te r o f 1" a n d i n s i d e 
d iamete r o f s l ight ly l ess than 3 /8". T h e 
s teel rods are he ld in p lace i n s ide the 
r u b b e r t u b e w i t h t w o me ta l c l amps , x 
a n d y , (Fig. 2). T h e r e is a 3 / 1 6 " gap b e 
tween the two steel rods at the center o f 
the po lyure thane r u b b e r t u b e to a l low 
the neces sa ry wr i s t m o v e m e n t dur ing 

b a c k s w i n g and fo l low-through w h i l e 
p lay ing golf. T h e distal rod ( B - l ) i s 
locked in place th rough a drill ho le in 
the steel h e a d (A -2 ) w i t h an Al len set-
sc rew ( A - 4 ) . T h e length o f the dev ice 
can b e adjusted to sui t the a m p u t e e b y 
s l id ing the s tee l h e a d up or d o w n over 
the distal s tee l rod and locking i t i n 
p lace w i t h the se t - sc rew. T h e p rox imal 
s tee l rod (B -2 ) i s th readed (1/2" x 20) at 
i ts uppe r e n d to a c c o m m o d a t e the 
p rox imal por t ion of t he dev ice cal led 
the wr is t inser t . 



Fig. 3. Prosthetic device locked in place in a below elbow prosthesis. 

C. The Proximal Portion or the Wrist Insert 
(Figure 1-C)—This is a s tandard inser t 
u sed b y pros the t i s t s for an F M qu ick-
c h a n g e wr i s t uni t . T h i s par t o f the de
v ice al lows the a m p u t e e i t s qu i ck at
t a c h m e n t and remova l from the pros
thes i s . 

In add i t ion to t he c o m p o n e n t s de
sc r ibed a b o v e , a p i ece of i nexpens ive 
s p o n g e r u b b e r tube (Fig . 1-D and Fig . 2) 
such as the o n e u sed for cover ing ai r 
cond i t i on ing p ipe s , measur ing 3-1/4" x 
1-1/2" ( in ternal d iamete r ) is used over 
the p rox imal por t ion o f the device a n d 
the distal por t ion o f the pros thes i s as 
s h o w n in F igure 3 and 4 to protect the 
s o u n d h a n d from injury dur ing back 
sw ing or fo l low-through. T h e upper 
sec t ion o f th is cover ing has an o p e n i n g 
for the q u i c k release tab instal led on the 
p ros thes i s . 

T h e p r o t o t y p e d e s c r i b e d a b o v e 
w e i g h s 15 -ounces a n d wi l l ho ld any 
s tandard s ize gol f c lub . It i s readi ly i n 
t e rchangeab le wi th a h o o k o r h a n d a n d 

is e a s y to instal l or r e m o v e from a n y 
s tandard p ros thes i s . T h e dev ice is in
e x p e n s i v e and can b e readi ly m a d e in a 
m a c h i n e shop . 

CONNECTING AND 
DISCONNECTING THE 
DEVICE FROM THE 
PROSTHESIS 

T h e a m p u t e e d i sconnec t s and r emoves 
the h o o k or h a n d from the p ros thes i s a n d 
inser ts the s p o n g e r u b b e r cover ing (D) 
ove r the dis ta l p ros thes i s a l lowing the 
q u i c k re lease tab o n h i s p ros thes i s to pro
j ec t t h rough the o p e n i n g in the r u b b e r cov
e r ing as s h o w n in F igure 3 . H e then inser ts 
t he golf dev ice in to the p ros thes i s unt i l the 
wr i s t inser t un i t locks in place . S i n c e the 
p ros the t i c cab le is not a t t ached to the de
v i c e , it i s left d i s connec t ed . T h e golf c lub i s 
then inse r ted in to the head o f t he dev ice 
th rough the long i tud ina l o p e n i n g (Figure 



Fig. 4. A below elbow amputee holding the golf club 
in locked position in the prosthetic device. 

1, A - l ) and the dev ice is s l id up the shaft o f 
the golf c lub on to the p roper grip pos i t i on 
and locked in place with the t humb screw. 
W h e n the golf c lub is properly held in 
place, the s p o n g e cover ing ove r the distal 
par t o f the pros thes i s not on ly a l lows a 
comfor tab le gr ip o f the club wi th the sound 
hand , bu t it protects the sound hand o f the 
ampu tee from injury dur ing swing (see 
Fig . 4 ) . T h i s is not a p r o b l e m for the left a rm 
a m p u t e e s , as the i r sound r ight h a n d gr ips 
the golf c lub at a pos i t ion distal to the 
p ros the t ic dev ice . O n e of the mos t impor
tant features o f th is dev ice is that its wris t 
uni t , w h i c h is m a d e o f po lyure thane rub
be r tub ing wi th two s teel rods in place and 
separa ted wi th a s l ight gap , is f lexible 
e n o u g h to a l low the requi red wr is t ac t ion 
dur ing sw ing o f the c lub , i . e . ex tens ion 
dur ing back swing and f lexion wi th s o m e 
rota t ion dur ing fol low-through. In order to 
r e m o v e the dev ice from the pros thes i s the 
a m p u t e e reverses the procedure . 

PROSTHETIC 
MODIFICATIONS 

M o s t ampu tees wil l no t requi re any spe
cial modi f ica t ion to the i r p ros thes i s to u s e 

the de sc r ibed p ros the t i c dev ice . H o w e v e r , 
there are t w o wr is t un i t s o n the marke t 
w h i c h requ i re specia l m e n t i o n : 

A. T h e F M q u i c k - c h a n g e wr is t un i t m u s t 
b e insta l led o n the p ros thes i s w i th the 
q u i c k - c h a n g e tab in an anterior ra ther 
than med ia l pos i t i on . T h i s is necessa ry 
because i f ins ta l led in a media l pos i t ion 
the p ressure from the s o u n d h a n d o n 
the q u i c k - c h a n g e tab could cause the 
tab to depress , t h e r e b y accidental ly 
un lock ing and re leas ing the dev ice 
dur ing the swing . 

B . T h e F .W. f lexion-fr ic t ion wris t un i t 
canno t b e u s e d w i t h the desc r ibed de
v ice b e c a u s e the cont ro l bu t ton mus t b e 
located o n the med ia l aspec t o f the wr is t 
uni t for p rope r opera t ion o f the wris t . 

SUMMARY 
A pros the t i c dev ice for p lay ing golf b y an 

u p p e r ex t remi ty a m p u t e e is desc r ibed . 
M e d l i n e search as far back as 1966 revealed 
that such a dev ice h a s n e v e r b e e n de
sc r ibed in the b i o m e d i c a l l i terature. T h e 
dev ice is readi ly in t e rchangeab le wi th a 
pros the t ic h o o k or hand and fits in to any 
s tandard pros the t ic a rm. It can be used b y a 
right o r left handed , a b o v e or be low e l b o w 
ampu tee to conf ident ly hold any s tandard 
s ize golf c lub m a d e o f any mater ia l . T h e 
dev ice is i n e x p e n s i v e , w e i g h s less than a 
pound and can be readi ly manufac tured in 
a m a c h i n e shop . O n e of the mos t impor tan t 
features o f th is device is that i ts wr is t un i t 
is f lexible e n o u g h to al low the neces sa ry 
wr i s t h o v e m e n t s r e q u i r e d to play golf. 
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Technical Note: 

Shoeing the Deformed Foot: 
A Method For Fabricating 
Molded Sandals 
Albert L. Howe, C.P.O. 

C u s t o m - m o l d e d footwear is essent ia l for 
the w e i g h t - b e a r i n g comfort o f pa t ien ts 
w i th seve re , non -ope rab l e foot defor
mi t i e s . S u c h footwear , h o w e v e r , i s expen 
s ive a n d t i m e - c o n s u m i n g to m a k e and 
e q u i p m e n t for i ts cons t ruc t ion is no t avail
ab le in the s tandard or thot ics labora tory . 
T h e n e e d for durab le , eas i ly fabr icated 
mo lded foo twear for the large n u m b e r o f 
ve t e r ans w i t h pos t - t r auma t i c a n d de
genera t ive foot deformi t ies p rompted us at 
the Vete rans Admin i s t r a t ion Hospi ta l in 
Nashv i l l e , T e n n e s s e e , to deve lop a molded 
sandal w h i c h can b e readily fabricated in 
a n y or thot ics laboratory . 

U s i n g commerc ia l ly avai lable foam foot 
i m p r e s s i o n b locks (Foam-ar t ) , a nega t ive 
mold o f the plantar surface o f the foot is 
m a d e . Th i s is done wi th the pat ient partial 
w e i g h t - b e a r i n g to a l l o w n e a r l y full 
sp read ing o f the forefoot a n d part ial flat
t en ing of the longi tud ina l arch . T h e toes 
are manua l ly p r e s s e d in to the foam to as
sure that the full l eng th o f the foot has b e e n 
impre s sed . A pos i t i ve plaster mo ld is t h e n 
cast . Mod i f i ca t i ons o f the pos i t ive cast in
c lude (1) ex t end ing the toe-plate approxi 
mate ly one -ha l f i nch to insure tha t the toes 
do not ex tend b e y o n d the an te r io r edge o f 
the sandal , (2) fil l ing in the toe sulcus , (3) 
level ing the we igh t -bea r ing areas of the 
hee l and ball to the s a m e plane and (4) 
cons t ruc t ing reliefs for a n y plantar pro
tuberances . 

A Pel i te a n d the rmal cork inso le is then 
fo rmed o n the pos i t ive mo ld u s i n g a vac
u u m appara tus . T h e Pel i te interfaces wi th 

the foot . Pel i te is used ra ther than lea ther 
for the foot con tac t surface b e c a u s e it i s 
m o r e w a s h a b l e , m o r e durab le , adheres 
be t t e r to the cork mid- so le a n d is eas ie r to 
form. 

S u c c e s s i v e t h i cknesses o f the rmal cork 
adhe red w i t h M a s t e r C e m e n t are appl ied to 
bu i ld up the sole a n d fill in the area u n d e r 
the long i tud ina l arch. T h e plantar surface 
and s ides o f the inso les are g round flat and 
the edges t r i m m e d a lmost flush wi th the 
Pel i te inso le . Laye red smoo th c repe can b e 
u sed to cons t ruc t a rocker bo t tom. Cr ink ly 
c repe p rov ides a non - sk id c u s h i o n y sole . 
H e a v y - w e i g h t e lkh ide m a k e s s t rong b u t 
f lexible s traps. S t rap des ign is a c c o m m o 
dated to the foot deformity . D o u b l e t rans
ve r se s t raps over t he meta tarsa ls a re com
fortable a n d e a s y to don (Fig. 1 ) . Fas t en ings 
o f o n e - i n c h Velcro®, l apped back o n i tself 
t h rough a k e e p e r r ing , a l lows easy strap 
re lease for ar thr i t ic pa t ien ts wi th little use 
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of the i r h a n d s a n d a l lows the fas ten ings to 
b e fully o p e n e d to a c c o m m o d a t e severely 
deformed feet (Fig. 2 ) . 

T h e c o m p l e t e d sandal is compara t ive ly 
l igh t -weigh t . T h e total time requ i red for 
fabr ica t ion is l ess than six hours . T h i s san
dal has b e e n used successful ly dur ing the 
pas t two years o n pa t ien t s w i t h r h e u m a 
to id ar thr i t is , severe sub luxa t ion o f the 

meta tarsa l heads , degenera t ive ar thr i t is , 
painful cal los i t ies and hal lux va lgus . All o f 
t he se pa t ien ts have worn the i r sandals for 
m o r e than two m o n t h s and repor t t hem to 
b e comfor tab le dur ing w e i g h t - b e a r i n g for 
ex t ended pe r iods . 

It i s h o p e d that th is work in the de
v e l o p m e n t o f s imp le molded footwear wi l l 
g ive impe tus to further effort in th i s area. 
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Reviews 
by Charles H. Pritham, C.P.O. 

Handbook of Externally Powered Prostheses 
for the Upper Extemity Amputation 
John P. Spaeth, M.S., and John S. Klotz, C.P.O., 
Charles C. Thomas, Publisher, 
2600 South First Street, Springfield, Illinois, 62717 
107 pages, four appendices, glossary, references, annotated 
bibliography, and index. $29.75, Spiral (paper). 1981. 

T h i s is a l audab le a t tempt to ga ther to
ge ther and s u m m a r i z e in o n e b o o k a great 
deal o f in format ion . T h e goal , as de sc r ibed 
b y the t i t le , i s to p resen t a manua l de
sc r ib ing genera l p r inc ip les and speci f ic 
detai ls o f in teres t to prac t i t ioners involved 
in t reat ing uppe r ex t remi ty amputees . It 
ske tch i ly r ev i ews the deve lopmenta l h i s 
tory a n d desc r ibes c o m p o n e n t s ava i lab le , 
concen t ra t ing m a i n l y o n those that h a v e 
h a d the grea tes t c l inical appl ica t ion in 
Nor th A m e r i c a . Spec i f ic cr i ter ia for pre
sc r ib ing for va r ious levels o f amputa t ion 
are p re sen ted a n d i l lustrated w i t h case 
h i s to r i e s . Pr inc ip les invo lved in t ra in ing 
and therapy are covered b y two occupa 
t ional therapis t s . Garv in Mar ty has con
t r ibu ted a m o s t in te res t ing chap te r ent i t led 
" B u s i n e s s P r o c e d u r e s . " In i t h e direct ly 
addresses m a n y o f t he i s sues involved w i t h 
cos t that are o f ten t imes ignored . H e re 
v i e w s the pract ical cons ide ra t ions to b e 
taken in to accoun t b y the pros the t i s t and in 
do ing so p rov ides o the r prac t i t ioners w i th 
s o m e in s igh t in to the p rob l ems . 

W h i l e t h i s b o o k con ta ins a g o o d deal o f 
in format ion o f pract ical va lue , par t icular ly 

in the append i ce s that list sources o f in
fo rma t ion , t r a in ing , a n d c o m p o n e n t s ; 
overall it is s o m e w h a t d i so rgan ized , repe
t i t ious , a n d w o u l d have bene f i t ed from 
be t te r ed i t ing . It w o u l d also s e e m that the 
au thors w e r e w o r k i n g wi th i ncomple t e 
reference mater ia l s . U s e of suc t ion socket 
a b o v e e l b o w sockets is sugges ted , b u t 
speci f ic reference to the art icle b y Pent -
land desc r ib ing such socke ts is not made . 
T h e c lass i f ica t ion sys tem o f Frantz and 
O 'Rah i l l y is desc r ibed wi th reference to an 
art icle from 1961 . N o reference is m a d e to 
later d i scuss ions desc r ib ing modi f i ca t ions 
on the c lass i f icat ion sys tem. W h i l e the 
work o f I B M is covered in s o m e detai l , the 
equa l ly in te res t ing w o r k in t he yea r s from 
1900 to 1945 is not m e n t i o n e d . 

In any even t , the au thor h e r e m a d e a 
p ra i s ewor thy effort in a s s e m b l i n g c l in i 
cally re levant mater ia l , i n a readi ly access i 
ble format , o f in teres t to c l in ic ians . Fo r 
s o m e o n e look ing for an overv iew o f t he 
top ic o r an in t roduc t ion to i t , th is b o o k 
shou ld p rove to b e o f in teres t . 



Common Orthopedic Problems In Children, 
Jacob F. Katz, M.D., Raven Press, 
1140 Avenue of the Americas, New York, New York, 10036. 
210 pages. Glossary, Bibliography, and Index. $22.50 

T h i s b o o k is p r imar i ly i n t e n d e d for 
p rac t ic ing ped ia t r i c ians and o thers in
volved in the rou t ine t rea tment of ch i ldren 
and is wr i t ten b y a professor o f c l inical 
o r thoped ics . S t ress is p laced on d iagnos i s , 
c l in ica l cour se , a n d natural h i s tory . Treat
m e n t is desc r ibed in ve ry general te rms 
wi th an avo idance o f detail . I t opens wi th 
an a n a t o m i c survey o f the body , desc r ib ing 
var ious cond i t i ons that affect a cer ta in 
s e g m e n t of the body ; a n d conc ludes wi th a 

d i scuss ion o f b road d i sease ca tegor ies . 
T h e b o o k migh t b e s t be cons ide red as a 

source b o o k for t hose confronted b y an 
unfami l ia r d iagnos i s in the notes or repor t 
o f an o r thoped ic consul tan t and respon
s ib le for d i scuss ing the d iagnos i s a n d i t s 
imp l i ca t ions wi th the conce rned parents . 
W h i l e pos s ib ly useful in such t e rms , the 
a b s e n c e of deta i led descr ip t ion o f treat
m e n t m e t h o d s is a d r awback from the 
pros the t i s t /o r tho t i s t ' s po in t of v i e w . 

Orthopedic Mechanics, Procedure and Devices 
Vols. 2 and 3. edited by D.N. Ghista and R. Roaf, 
Academic Press Inc. (London) Ltd., 
24-28 Oval Road, London NWL 7DX, England. 
1981: Vol. 2, $82.50, 308 pages. Vol. 3, $57.00, 207 pages. 

A s desc r ibed in t he forwards , these two b o n d non- invas ive ly . 
b o o k s in con junc t ion wi th vol . 1 are in
t ended to p rov ide o r thoped ic researchers 
a n d b i o m e c h a n i c s s tuden ts w i t h back
g round in format ion necessa ry for research 
and deve lopment . T h e edi tors specif ical ly 
state that the reader wi l l have cons ide rab le 
k n o w l e d g e o f m a t h e m a t i c s and eng inee r 
ing theory . A m o n g the va r ious topics con
s idered are: the m e c h a n i c s o f the sp ine ; 
sco l ios i s ; des ign cons ide ra t ions o f endo 
p ros theses , and m e a s u r i n g the s t rength o f 

F rom the p reced ing i t can b e conc luded 
that these two b o o k s are no t the average 
pros the t i s t /o r tho t i s t ' s cup o f tea. H o w 
ever , there are at least t w o art icles of pas
s ing interes t . O n e desc r ibes the des ign 
p h i l o s o p h y o f Torquehee l s , and the o the r 
desc r ibes the Salford (England) swive l 
walker , for pa rap leg ics . A third, o f less di
rect re levance b y Pedo t t i and Gh i s t a , d i s 
cusses gai t ana lys i s . 

Early Management of Acute Spinal Cord Injury 
(Seminars in Neurological Surgery). 
Edited by Charles H. Tator, M.D. 
462 Pages, $52.00.1982. 
Raven Press, 1140 Avenue of the Americas, 
New York, NY 10036. 

T h i s b o o k is an ou tg rowth o f a w o r k s h o p 
deal ing w i t h the sub jec t he ld in Toron to , 
C a n a d a in 1980. T h e major i ty o f the con 
t r ibu t ions are m e m b e r s o f the Acu te Sp ina l 
Cord In jury Uni t , Sur tnybrook Med ica l 

Cen te r , Toron to a n d the e m p h a s i s is on 
m a n a g e m e n t o f in jur ies o f the cervical 
s p i n e . I t i s t h e a v o w e d purpose o f the 
b o o k , as desc r ibed b y Dr. Tator , to p rov ide 
p h y s i c i a n s , nu r se s , a n d pa ramedica l per-



sonne l w i th re l iable up to date in format ion 
abou t the d iagnos i s and t rea tment o f indi 
viduals w i th cervical spinal cord injur ies 
dur ing the cri t ical early days. 

It d i scusses types o f injury, m e c h a n i s m 
of in jury , radiological d i agnos i s , neu -
r o p h y s i o l o g i c a l d i a g n o s i s , p r i n c i p l e s 
of t rea tment , uro logica l care, surgical man
a g e m e n t , and rehabi l i t a t ion . O f part icular 
in teres t to or thot is ts are the three chapters 
that d i scuss u se o f Halo f ixat ion dev ices . 
O n e chap te r r ev iews the Acu te Sp ina l Cord 
Injury Uni t ' s exper ience in us ing Halo fix
a t ion t rea tment to r educe and ma in t a in 
f r a c t u r e s / d i s l o c a t i o n s a s s o c i a t e d w i t h 
neuro log ica l deficit . It reports on me thods 
o f t rea tment , p r o b l e m s , and o u t c o m e . T h e 
nex t chap te r r ev i ew s the expe r i ences of an 
Acu te Sp ina l C o r d Injury Un i t in Bri t i sh 
C o l u m b i a in u t i l iz ing Halo-ves t o r thoses 
to treat p rob l ems o f the neck wi thou t 

neuro logica l deficit ; p r inc ipa l ly odon to id 
fractures, o ther fractures of the cervical 
sp ine , and metas ta t i c ca rc inoma of the cer
vical sp ine . T h e th i rd chapter , and o n e o f 
par t icular in teres t , desc r ibes m a n a g e m e n t 
of the Halo program at the Uni t in Toronto . 
It deals w i th the pract ica l mat ters of ap
p ly ing the o r thos i s , m a i n t e n a n c e o f an 
adequa te supply , and pa t i en t care of the 
appl ica t ion . It p laces part icular s t ress o n 
the role o f the " H a l o program coor
d i n a t o r , " t he i n d i v i d u a l at t he U n i t 
charged wi th m a i n t a i n i n g s tock, ass i s t ing 
in app ly ing the o r thos i s , and s u b s e q u e n t 
fol low up. M a n y or thot is ts today f ind 
themse lves fi l l ing this role and the infor
ma t ion p resen ted shou ld b e o f use to t hem 
in dea l ing wi th nurses and pa t ien ts . 

T h e b o o k as a w h o l e should b e o f use to 
or tho t i s t s in u n d e r s t a n d i n g the acute 
p h a s e o f spinal cord m a n a g e m e n t . 





Classified Ads 
In order to proper ly calculate the n u m b e r of words in (and the cos t of) a c lassif ied adver t i se 
m e n t accord ing to the m e t h o d u s e d b y AOPA, the adver t i ser shou ld do the fo l lowing. A d d 
up eve ry charac te r in the ad, inc lud ing c o m m a s , h y p h e n s , e tc . D iv ide the sum b y five (we 
cons ide r a word to cons i s t of five characters) to f ind the total n u m b e r of words . T h e n figure 
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State of Bahrain 
H e a d , P r o s t h e t i c / O r t h o t l c D e p t . 
Above mentioned post is required by Ministry of Health's Salmaniya 
Medical Center — 800 bed, general acute referral hospital, in order to 
upgrade the present services and to introduce new concepts and 
techniques in prosthetic/orthotic field. 
Successful candidate is expected to have a university degree or equivalent 
study covering functional anatomy, philosophy and principle of bio
mechanics plus 5 years broad based experience in fabricating prosthetic/ 
orthotic equipment in a recognized institution, two of which in adminis
trative capacity. 
Salary to the right candidate is paid in Bahrain Dinars, tax-free and 
negotiable depending on over-all suitability. Initial contract will be for two 
years, renewable by mutual agreement. Benefits cover free accommo
dation, 13th month gratuity, generous leaves, return fares to home country 
annually, etc. 
Interested candidates should forward full C.V. including details of qualifi
cations quoting code G 0645 9/Hh to: 

Mr. Ibrahim Hazim 
Chief, Recruitment & Placement • P.O. Box 1066 • Bahrain (Arabian Gulf) 

Certif ied, Board El ig ible , or Technic ian in 
Orthot ics and Pros the t i c s—Exper i enced in 
all phases o f fabr ica t ion and pat ient contact 
to b e an in tegral par t o f a g rowing f acil ity in 
N e w Y o r k / L o n g Island area. Salary and 
c o m m i s s i o n c o m m e n s u r a t e wi th work ex
p e r i e n c e , educa t iona l backg round , and 
total capab i l i t i e s . S e n d r e s u m e to A O P A 
B o x 2 8 3 0 1 , 717 Pend le ton S t . , Alexandr ia , 
V A 2 2 3 1 4 . 

Certif ied P r o s t h e t i s t / O r t h o t i s t — N e e d e d 
for Un ive r s i t y Hosp i t a l , O r e g o n Heal th 
S c i e n c e s Un ive r s i t y , Por t land , O r e g o n . 
Inpa t i en t a n d ou tpa t i en t care . E x p e r i e n c e 
in m e a s u r i n g , f i t t ing, and fabr ica t ing or-
tho t ic /pros the t ic app l i ances is r equ i r ed . 
Con tac t Ed N ie l son , Un ive r s i ty Hosp i t a l , 
O H S U , 3183 S W S a m Jackson Park R o a d , 
Por t land , O R 9 7 2 0 1 . (503) 2 2 5 - 8 4 6 0 . (An 
Equa l O p p o r t u n i t y Employe r ) . 
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Internat ional Opportun i ty 
Orthot is t Technic ian 

A un ique opportuni ty ex i s t s for a 
qual i f ied and expe r i enced Or tho t -
is t Technic ian at the K i n g Faisa l S p e 
cial is t Hosp i ta l and Resea rch C e n t r e 
in R i y a d h , S a u d i Arab i a . T h i s 2 5 0 b e d 
ter t iary referral faci l i ty , w i t h 150 b e d 
m i n i m a l care u n i t to o p e n in the fall o f 
1982, i s o n e o f the l ead ing medica l 
cen te rs in t he M i d d l e East . 

R e q u i r e m e n t s : Successful c o m p l e 
t ion o f a formal p rogram o f s tudy 
lead ing to cer t i f icat ion as an or thot is t 
t e c h n i c i a n . M u s t b e e l i g i b l e for 
m e m b e r s h i p in the In te rna t iona l A s 
soc ia t ion o f T e c h n i c i a n s in Or tho t i c s 
and Pros the t i cs . M i n i m u m o f 3 yea r s 
expe r i ence inc lud ing pedia t r ic b rac 
ing . 

Benef i t package inc ludes at t ract ive 
salary, 30 day annua l leave, free 
t ranspor ta t ion , fu rn i shed lodg ing , 
b o n u s pay a n d b o n u s leave. 

In te res ted cand ida tes shou ld for
wa rd r e sumes to: Ka th leen L a n g a n , 
P e r s o n n e l Consu l t an t , Hosp i ta l Co r 
po ra t i on o f A m e r i c a - I n t e r n a t i o n a l 
D i v i s i o n , P .O . B o x 5 5 0 , Nashvi l l e , T N 
3 7 2 0 2 . A n E q u a l O p p o r t u n i t y E m 
ployer . 

HCA 
International Division 

T h e Hospi ta l F o r Special S u r g e r y — N e w 
York C i ty ' s l ead ing o r thoped ic hosp i ta l 
current ly has o p e n i n g s for cert if ied a n d 
e x p e r i e n c e d or thot is ts and pros the t i s t s . 
P lease contac t A n n W h i t e , E m p l o y m e n t 
M a n a g e r at (212) 5 3 5 - 5 5 7 9 (col lect) . T H E 
H O S P I T A L F O R S P E C I A L S U R G E R Y , 535 
Eas t 70th St ree t , N e w York, N Y 1 0 0 2 1 . A n 
E q u a l O p p o r t u n i t y E m p l o y e r M / F . 

C P O to w o r k in progress ive pr ivate p r a c 
tice loca ted in N e w York ' s beaut i ful Hud
son Val ley . C o n v e n i e n t to m i d t o w n M a n 
ha t tan and ou tdoor ac t iv i t ies such as sk i 
i n g a n d f i s h i n g . S u b m i t r e s u m e to 
M i c h a e l Lef ton, M & M Pros the t ic A s s o . , 
Rt . 2 8 , K i n g s t o n , N Y 1 2 4 0 1 . 

P r o s t h e t i c s M a n a g e r 
U n i v e r s i t y o f M i c h i g a n H o s p i t a l s 

A n e w l y reo rgan ized major un ive r s i ty 
p ros the t i c labora tory w i t h se rv ice , educa
t ion and research c o m m i t m e n t s is seek ing 
a d y n a m i c cer t i f ied p ros the t i s t for the p o 
s i t ion o f P ros the t i c s M a n a g e r to work in 
co l labora t ion wi th a med ica l director . 
Bache lo r ' s degree a n d pros the t ic exper i 
ence r equ i red . M a n a g e m e n t , t each ing and 
research expe r i ence preferred. S e n d res
u m e to: J a m e s L e o n a r d , J r . , c/o Sarah Al-
br i t ton , M e d i c a l C a m p u s D e p a r t m e n t o f 
H u m a n R e s o u r c e s , Un ive r s i t y of M i c h i 
gan Hosp i t a l s , 300 N . Ingal ls N I 8 A 1 2 , A n n 
A r b o r , MI 4 8 1 0 9 . 

A N o n - D i s c r i m i n a t o r y , Aff i rmat ive 
A c t i o n E m p l o y e r 

C P O desired wi th g o o d educ . background 
and techn. skil ls . Offer ing part- a n d evtl . 
full o w n e r s h i p o f m o d e r n P & O Midwes t 
ern f ac i l i t y—med . to u p p e r s ize range. Al l 
r ep l ies in s t r ic tes t con f idence . Rep ly : 
A O P A B o x 18303 , 717 Pend le ton St ree t , 
A lexandr ia , VA 22314 . 

C P O desires posi t ion w i th oppor tun i ty for 
full o r part o w n e r s h i p in the future. I have 
an excel lent b a c k g r o u n d o f m a n a g e m e n t , 
educa t ion and expe r i ence in or tho t ics and 
pros the t ics . If in te res ted p lease rep ly to 
A O P A B o x 1 8 3 0 5 , 717 P e n d l e t o n S t . , 
Alexandr ia , VA 2 2 3 1 4 . 
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M a n a g e r n e e d e d for Midwes t O & P fa
c i l i ty—We are look ing for a d y n a m i c C P O 
or CP wi th or thot ic e l igibi l i ty to g row wi th 
o u r n e w facility. Y o u wil l b e r e s p o n s i b l e 
for dai ly ac t iv i t ies as wel l as c l in ic and pa
t ien t exposure . Sa lary a r rangements in
c lude a w i d e r ange of benef i t s as wel l as a 
pe rcen tage . S e n d comple te r e s u m e and 
salary h i s to ry to A O P A Box 108202 , 717 
Pend le ton S t . , Alexandr ia , VA 2 2 3 1 4 . 

I m m e d i a t e opening for C P O o r C O . Salary 
nego t i ab le . P lease forward r e sume to: Per
sonne l S e r v i c e s , H a y w a r d O r t h o p e d i c , 
22257 M i s s i o n Blvd . , H a y w a r d , C A 9 4 5 4 1 . 

Certif ied Pros the t i s t—Pros the t i c s man
ufacturer is l ook ing for an ind iv idua l to 
perform f i t t ings , t rain pros the t i s t s and 
conduc t p ros the t i cs research in the use of 
a n e w h i g h t echno logy upper -ex t remi ty 
p ros thes i s . Useful expe r i ence w o u l d in
clude myo-e lec t r i c p ros the t ics , electrical/ 
e l e c t r o n i c t r o u b l e - s h o o t i n g , t e a c h i n g 
and /o r sa les e x p e r i e n c e . C o n s i d e r a b l e 
travel r equ i r ed , i nc lud ing s o m e in terna
t ional travel. Add i t iona l poss ib i l i t e s are 
avai lable to the r ight ind iv idua l for: 1. s u b 
stant ial in te rac t ion wi th academic and re
search p rog rams at the Un ive r s i ty of Utah , 
and 2. e s t a b l i s h m e n t of a pr iva te pros thet 
ics prac t ice b a s e d in Sal t Lake Ci ty . Rep ly 
to Mr . Tom W i i t a , S. 300 Wes t , Sal t Lake 
C i t y , U T 8 4 1 0 1 . Te l . : 8 0 1 - 3 6 4 - 1 9 5 8 . 

Respons ib le , exper ience C P O to m a n a g e 
o n e o f the m o s t m o d e r n and p rogress ive 
faci l i t ies . Sa la ry at you r reques t . All b e n e 
fits. Reply : A O P A Box 128206 , 717 Pend le 
ton S t . , A lexandr i a , VA 2 2 3 1 4 . 

Opportun i ty for the right , enterpris ing 
C P O to even tua l ly o w n a comple te cer
t if ied P & O fac i l i t y—medium to uppe r 
s ize . Cent ra l U S A . Contro l l ing in teres t for 
sale. Conf iden t i a l repl ies to: A O P A Box 
1 8 3 0 4 , 717 Pend le ton S t . , Alexandr ia , V A 
22314 . 

C e r t i f i e d O r t h o t i s t o r T e c h n i c i a n — 
N e e d e d for e s t ab l i shed b u s i n e s s in Nor th 
ern K e n t u c k y a n d C i n c i n n a t i , O h i o area. 
Expe r i ence in all facets of the field. S e n d 
r e sume wi th salary r equ i r emen t s to: Ro th -
er t ' s Surg ica l App l i ance , 15 Garf ie ld P lace , 
C i n c i n n a t i , O H 4 5 2 0 2 , 5 1 3 - 4 2 1 - 3 8 5 6 . 

Or tho t i c s Ins t ruc tor 

Wan ted : Board Cer t i f ied or thot is t to in
struct twen ty -e igh t (28) w e e k Or tho t i c s 
Techn i c i an Program. Teach ing expe r i ence 
preferred. Fami l i a r i ty w i t h M i n n e s o t a 916 
Vo-Tech Ins t i tu te ins t ruc t ion package de
s i rab le . Ins t ructor wi l l u t i l ize l ea rn ing 
gu ides , co r r e spond ing audio-v isua l pre
sen ta t ions , and pe r sona l ins t ruc t ion . 

Salary: nego t i ab le . 
Dead l ine to apply: M a r c h 16 , 1983 
Apply : E E O Off icer 

Q u i n c y Ski l ls Cen te r 
11 H a y w a r d St . 
Q u i n c y , M a s s . 02171 

Direc t t e l ephone i n q u i r i e s to: Paul R i c c a , 
D i c k S tap les . 

(617) 3 2 8 - 7 3 0 0 
A n Equa l O p p o r t u n i t y Employe r 

Or tho t i c s M a n a g e r 
Un ive r s i ty o f M i c h i g a n Hosp i t a l s 

A newly reorgan ized major un ivers i ty or
thot ic labora tory w i t h se rv ice , educa t ion 
and research c o m m i t m e n t s is s eek ing a 
d y n a m i c cer t i f ied or thot is t for the pos i t i on 
o f Or tho t i c s M a n a g e r , to work in col lab
ora t ion wi th a med ica l director . Bache lo r ' s 
degree a n d or tho t ic exper i ence requ i red . 
M a n a g e m e n t , t each ing and research ex
pe r i ence preferred. S e n d r e s u m e to: J a m e s 
Leona rd , J r . , M . D . , M e d i c a l Di rec tor , O r 
thot ics & Pros the t i c s D iv i s ion , c /o Sa rah 
Albr i t ton , Med ica l C a m p u s D e p a r t m e n t o f 
H u m a n R e s o u r c e s , Un ive r s i t y o f M i c h i g a n 
Hosp i t a l s , 300 N . Ingal ls N I 8 A 1 2 , A n n 
A r b o r , M I 4 8 1 0 9 . 

A N o n - D i s c r i m i n a t o r y , Aff i rmat ive 
Ac t ion E m p l o y e r 
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J Our Two-Post Orthosis (J -22 ) provides 
indicated stabilization of the cervical 

and upper thoracic regions with optimum patient com
fort Prescribe it by name, "Florida B r a c e J-22," to be 
sure your patient receives the correct orthosis with the 
results you want. Most ethical dispensing orthotists 
throughout the country can supply and fit the J - 2 2 to 
your prescription in a matter M t , m m 

of hours. Florida Brace l̂ M*ItfB l̂ 
Corporation PO Box 1299, »w» m^M* 
Winter Park, Florida 3 2 7 8 9 . 

Corporation 



Orthotics and Prosthetics, the Journal of AOPA 
Announces: 

Discount Bulk Gift Subscription Rates 
for all AOPA-Member Firms 

• Sav ings o f up to 5 0 % off regular subsc r ip t ion pr ice 

• U s e your extra cop ie s to d i s s e m i n a t e in format ion to co l leagues , p h y s i c i a n s , and m e m b e r s 
of you r rehab i l i t a t ion t eam 

• O p t i o n to have A O P A mai l the extra gift cop ies to the rec ip ien t direct ly 

Discounts apply to orders of more than 5 ONLY 

T w o w a y s to s a v e — $ 1 0 . 0 0 each pe r annual subsc r ip t ion , plus sh ipp ing , to s end all cop ie s 
to y o u r firm. 

— $ 1 5 . 0 0 each pe r annua l subsc r ip t ion . A O P A wil l ma i l directly to the 
rec ip ien t ( s ) y o u des igna te . 

N a m e . A O P A M e m b e r Firm 

Addres s 
Zip Phone 

• P lease start m y subsc r ip t ion for (mus t b e m o r e than 5 for d i scoun t ) gift cop ies . 

• A . S e n d the order to m y address . Enc losed is m y check , for $ 1 0 . 0 0 p e r subscr ip t ion , 

m a d e payab le to A O P A . I under s t and I wil l b e b i l l ed for sh ipp ing . 

OR 

• B . S e n d the order to t he name( s ) a n d address(es) I 've l is ted (a t tached) . Enc losed is m y 
check , for $ 1 5 . 0 0 per subscr ipt ion, m a d e payable to A O P A . Please enc lose a card 
a n n o u n c i n g m y gift to the recipient . 

M a k e all checks payab le to A O P A . 

S e n d to: Orthotics and Prosthetics Bu lk S u b s c r i p t i o n s 
A O P A Nat iona l Headquar te r s 
717 Pend le ton St ree t 
Alexandr ia , VA 22314 
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cJunn-FiLLauER mEraical, i n c 

ARM 
ABDUCTION 

O R T H O S I S * 
i n two s i z e s 

NEW L I N I N G 

ARM ABDUCTION ORTHOSIS CATALOG NUMBER 
Large Small 

With PE-LITE and Vinyl Lining 4847 4846 
With VELFOAM II Lining 4838 4836 
VELFOAM II Lining Replacement Kits 4863 4862 

The Durr-Fillauer Arm Abduction Orthosis is now available in two sizes and with two different linings. In 
addition to the original lining of vinyl and PE-LITE it is now possible to order it with a lining of soft compressible 
VELFOAM II. The VELFOAM II lining is readily replaceable and prepackaged replacement kits are available. 

The orthosis can be easily adapted to the right or left arm and is adjustable for length in the forearm, arm, and 
thoracic sections. Joints at the elbow and shoulder permit flexion and rotation of the arm and forearm while 
holding the glenohumeraljoint in the prescribed position of abduction. Or, motion at the elbow may be locked at 
90° if desired. Chafes are mounted for an optional ipsilateral shoulder strap if its use is warranted. 

Indicated For: 
• Dislocations of/or operations on the glenohumeraljoint 
• Nerve injuries • Muscle injuries • Humeral fractures 

• O r i g i n a l Des ign by H e a t h Harvey, C O 

P • BOX 1678 
CHATTANOOGA TN 3 7 4 0 1 
2 7 1 0 AMNICOLA HIGHWAV 
CHATTANOOGA TN 3 7 4 0 6 CJURF»-FlU3UER iTIEDlCSl, ITIC 

Orthopedic Division 

PHONE 615 6 2 4 - 0 9 4 6 
1-B00-251 639B 

(TN) 1 8 0 0 - 5 7 2 7 6 5 0 
TELEX 5 5 8 4 2 2 

CABLE DFORTHO 



NX/hen considering the proper foot for your 
patient, Kingsley Mfg. Co. suggests that you 
think first of the advantages of dealing with our 
fine products and organization. Our innovative 
approach to maintaining foot designs for a 
changing market has gained us international 
acclaim for such unique products as feet with 
Natural Toes™, molded within the simulated 
confines of a shoe, and the Beachcomber foot, 
designed for barefoot sports and swimming. 

Kingsley offers the widest variety qf foot 
styles and sizes on the market—from a com
plete and stylish line of ladies feet with Natural 
Toes™, to a line of children's and juveniles' feet 
designed for function and appearance. 

The Kingsley Mfg. Co. construction and qual
ity assurance programs are the finest in the 
prosthetic foot production industry. Odorless, 
water-resistant Medathane™, the best inert 
casting material available, is used in all Kingsley 
feet. Keels are of fine-grained hard-rock maple, 
aluminum or stainless steel, depending upon 
the requirement. These materials and proces
sing produce feet of the highest quality. 

Another important consideration is the su
perior service available when dealing with 
Kingsley. As a result of our large inventory of all 
feet, and our electronic shipping facilities, we 
offer 24 hour turnaround on all shelf orders. 
Kingsley Mfg. Co. manages this because of the 
sound business belief that all orders require 
personalized handling—a basic philosophical 
tenet at Kingsley since its founding, over thirty 
years ago. 

Next time, specify Kingsley feet for your 
patient—you can be sure of the highest quality 
and service available, so both you and your pa
tient will be a step ahead. 

KINGSLEY MFG. CO. 
1984 PLACENTIA AVENUE 

POST OFFICE BOX CSN 5010 
COSTA MESA, CALIFORNIA 92626 
|7I4| 645-4401 • (800)854-3479 

CaWe Address: KINGFEET World's leading manufacturer of prosthetic feet with Natural Toes™. 



LERMAN 
MULTILIGAMENTUS 

KNEE CONTROL ORTHOSIS 

The Lerman Multi-Ligamentus™ Knee Control Orthosis 
controls knee motion and provides: medio-lateral 
stability, anterior-posterior stability, derotational-
rotational control and patellar tracking. 

jm Two completely pre
fabricated models are 
now available. 
The adjustable model 
may be used to control 

knee flexion and extension to any 
desired degree while the free knee 
model is used when knee joint 
motion need not be restricted. 
Available in four sizes, left and 
right, the Lerman Multi-Ligamentus" 

Knee Control Orthosis may be 
applied to most patients right 

off the shelf. It's easy to 
apply and remove, may be fit 
without precise measuring de
vices or techniques and is 

easily contoured to achieve an 
excellent fit without disturbing 

knee joint alignment. 

Adjustable Model Product Numbers: 
Small-Right—A16-6RS-M000 
Medium-Right—A16-6RM-D000 
Large - Right—A16-6RL-G000 
X-Large-Right— A16-6RX-L000 
Small - Left—A16-6LS-M000 
Medium - Lett—A16-6LM-D000 
Large - Left—A16-6LL-G000 
X-Large-Left— A16-6LX-L000 

Free Knee Model Product Numbers: 
Small - Right—A16-6RS-M001 
Medium-Right—A16-6RM-D001 
Large - Right—A16-6RL-G001 
X-Large-Right— A16-6RX-L001 
Small - Left— A16-6LS-M001 
Medium-Left—A16-6LM-D001 
Large - Left—A16-6LL-G001 
X-Large-Left— A16-6LX-L001 

United States Manufacturing Company 
180 North San Gabriel Blvd , P O Box 5030 
Pasadena, California 91107 U S A (213) 796-0477 
Cable: LIMBRACE, TWX No : 910-588-1973 



Left GP, Right FD, Left CPO 

QOOD PRODUCTS 
FAST DELIVERY 
CERTIFIED PROSTHETIST / ORTHOTIST 

For G P & FD, cal l . . . C 9 s u p p l y c o 
» V W 4 6 6 6 Manufacturing Rd. 

4 6 6 6 Manufacturing Rd. 
Cleveland. Ohio 44135 
Phone: a.c. 216 -267 -5775 
8 0 0 . 3 2 1 - 1 2 6 4 
Orthotic & Prosthetic Parts & Supplies 
P a u l E . L e i m k u e h l e r , C P pres ident 

Orthotics and Prosthetics 

Announces 

1983 A r t i c l e o f t h e Y e a r A w a r d s 

All winners receive recognition in the Almanac and Orthotics and Prosthetics 

Plus Special Awards at the 1983 National Assembly in Phoenix 

Top Award-Winner invited to present paper at 
Assembly 

2nd Annual Award Judged by Editor and Editorial Board of 

Orthotics and Prosthetics 



(UPLHIU © ® © C ^ l o 8 l T H E T I C 

% OF SHRINKAGE 
(LENGTH PLUS WIDTH) SUPER SOCK, 100% fine grade, natural virgin wool 

with the PLUS of, consistency, easier care, prolonged 
flexibility, and freedom from shrinkage and felting. 

Comparison- oi Super Sock & Old Style Sock 

THICKNESS/INCH 15 WASHES 389 
10 WASHES 427 

MEASURED THICKNESS 

@ 5 Ply, Super Sock 
© 5 Ply, Super Sock 

• ® 5 Ply. Old SlyleSock 
• ® 5 Ply, Old Style Sock 

Felting and shrinkage inherent in natural wool is significantly 
reduced in Ihe 100°'° Wool Super Sock 

Alter 30 
New Wash/Drie 

275" 285" 
275" 265" 
275" 368" 
275" 334" 

NUHSEH OF WASHES 

(T) OLD STYLE SOCK —MACHINE WASH WARM WATER GENTLE AGITATION AIR DRIED NO BLEACH 

( | ) 01D 5Tr.E SOCK - MACHINE WASH WHITE 10AD WARM WATCH NO BLEACH MACHINE DR* 

® DIFFERENT BRAND REGULAR SOCK - MACHINE WASH WHITE LOAD WARM WATER 
NP BLEACH MACHINE DRY 

© SUPER SOCK' - MACHINE WASH WHITE LOAD WARM WATER NO BLEACH MACHINE DRY 

(D SUPER SOCK* - MACHINE WASH WARM WATER NO BLEACH GENTLE AGITATION AIR DfliED 

I SUPER SOCK IS CONSISTENT 4 4 5 FLAT LINES 

Dil terent ter' .s o n i h e s a m e type of knitted p r o d u c l will g i v e 
s l ight ly different s t a t i s l i c a l r esu l ts but the t rend is c o n s t a n t 

F R O M THE BEGINNING 
Research on the Super (wool) Sock began in the summer of 1977 Nine 
months passed, with many socks produced, before a sock worthy of 
wearing resulted Laboratory tests preceded wear tests. 

Washability tests indicated Super Sock could be machine washed and 
machine dried 30 times with 5% or less shrinkage. When machine washed 
in Ivory and air dried, the shrinkage was less than 3%. Increase in thickness 
fluctuated at less than .025 inch. 

T h e Old Style socks shrank 17% when machine washed and dried 15 
times. They shrank 9% when machine washed in Ivory and air dried 15 
times. Thickness increase averaged .060 inch. This thickness increase is 
more than the thickness difference between a 3-Ply and a 5-Ply sock 

N o n e of the Old Style wool socks were wearable after 30 wash, dry cycles 
using either care method of 1 . machine wash, machine dry, or 2. machine 
wash with Ivory and air dry. 

If the average amputee purchased twelve socks and wore a clean sock 
after each wearing, he would need approximately 30 wash-wears, from 
each sock, to service him for one year. 

and some findings 
I n 1978 wear tests with a small group of individuals was underway. Partici
pants were a cross section, including office workers, farmers and profes
sionals. They wore the test socks. We laundered the socks and kept the 
data. At the end of 1981, some of these socks are still on test! Socks 
became more pliable in the wear situation than in the laboratory test 
situation. Wear tests with this small group of amputees preceded develop
ment of production techniques. Testing and development continued 
through 1979. 

By spring of 1980 Super Sock was being tested on a broader scope in the 
field. Several prosthetic facilities made Super Socks available to their 
amputee clients. These individuals were asked to evaluate the socks a year 
later 

B2% of the field test group preferred the Super (wool) Sock; 12% preferred 
the Old Style wool sock, 6% preferred the Orion/Lycra sock (also machine 
washable). 

O f those using the Super Socks, 85% washed them in the machine, half 
drying them in a dryer and half air drying them Even the 15% who 
continued to wash their socks by hand, and air dry, were quite generous in 
their praise 

MORE THAN 3 YEARS OF RESEARCH 
And a 100% Natural Virgin Wool Sock with the Super Plus was ready! 

Super Sock was introduced in September 1980 at the National Assembly of the American Orthotic and Prosthetic Association It is now available in 3-ply, 5-ply 
and 6-ply stock sizes and in all special sizes Consult your prosthetist for the sock best suited to your individual needs 

Call Toll Free: 1-800-821-3094 
K N I T - I ^ F T E , I N C . 

BOX 208 / KANSAS CITY, MO 64141 U.S.A. / PHONE: (816) 221-5200 
TWX: #9107710513 / CABLE CODE: KNIT-RITE 

An Exciting New Company Over 60 Years Old' • J 



American Orthotic and Prosthetic Association 
717 Pendleton Street 

Alexandria, VA 22314 


