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The biggest revolution in O&P today 
is not an O&P device. 
it's (Hp 
A soft tissue supplement that won't 
give in to pressure, shock or shear. 

All soft tissue supplements are not the same. 
PPT is a highly engineered, technologically superior 

medical grade supplement. It has twice the shock 
absorbing capability of foam or sponge rubber and is 
vastly superior to even the leading supplement used 
by O&P professionals today. 

Besides offering maximum energy absorbing 
capability, PPT is the first and only soft tissue supplement 
that won't "bottom out" permanently or hcvden, even 
after years of daily use PPT has remarkable memory 
which allows it to retain its shape even when sitting 
under a high pressured orthotic or prosthetic device lor 
extended periods of time. 

PPT cuts easily with scissors and can be shaped with 
a grinding wheel. It's washable It's odor free. And it's 
available in blue and natural, 

Milwaukee Jackets Cervalite Collars Spinal Braces. 
Whatever the O&P equipment, for spot cushioning or 
full lining, if it needs a soft tissue supplement, it needs 
PPT 

For more information and a sample of PPT clip the 
coupon below. 

I 
! ! _ Please send me a Iree sample kit ol PPT • 
I O Please send me more information about PPT® 
| p Please send me more information about Protessional 

Technology. Inc 

Name Title 

Address 

I City State Zip | 
I PPT Is not an over-the-counter product. 
] It is sold exclusively to health care professionals. | 

I For faster service dial 800-645-5520 j 
J PROFESSIONAL TECHNOLOGY, INC. ' 

21 East Industry Court • Deer Park, N.Y. 11729 
(516) 667-3462 (516) 242-5515 

A Member of The Longer Group. 
L J 



OTTO B O C K Modular Prostheses 

A glance at the OTTO BOCK Modular prostheses pictured above, 
immediately shows the differences in this system and the older crustacean type ... 

Cosmetic appearance. Note the clean, natural appearing outer contour 
with no distracting articulation separations. 

The foam covering over the internal structure 
gives a soft, pleasant and much more natural feel to the touch 

than the hard surface of the conventional type of limb. 
The internal design principle resembles that of a building block system. 

By using various combinations of Modular components, 
it is possible to fit all levels of lower extremity amputation according to the individual patient needs. 

Static and dynamic alignment in all planes is easily achieved 
through simple, precise and controlled adjustment of the adaptors. 

Successful application of the OTTO BOCK Modular prosthesis offers proof that restoration 
of the amputee's outer appearance is an essential contribution to his complete rehabilitation. 

ORTHOPEDIC INDUSTRY INC 
UNITED STATES OF AMERICA 

610 Indiana Avenue North 
MINNEAPOLIS, Minnesota 55422 



1U, IMPROVED 
MOBILITY 

^ M d R K e L L 

E X T R A C X D M F O R T S H O E S F O R 

C O N V A L E S C E N C E A N D R E H A B I L I T A T I O N 
Mobility can be vitally important in long term convalescent care. Patients who 
won't walk, because their feet hurt too much, may get worse, instead of better. 
Now MARKELL offers a new extra-roomy, super-soft comfort shoe, devel
oped to aid in maintaining the mobility of patients with sore, sensitive, swol
len or deformed feet . . . A shoe applicable to a wide range of geriatric, arth
ritic, diabetic, and neuropathic foot conditions. The MOBILITY SHOE by 
MARKELL offers many of the advantages of expensive molded footwear, 
at a fraction of the cost, and is available quickly from stock. It is an all-
purpose, uni-sex, indoor-outdoor shoe. Uppers are fine grained kid leather. 
Linings are high quality imported HB FOAM. This new closed cell poly
ethylene material will retain its shape and resilience for years, without crack
ing, crumbling or wrinkling. Non-absorbent, non-toxic, washable and acid re
sistant, HB FOAM has a smooth pleasant feel, and its insulating properties are 
helpful when circulation is impaired. 

NO. 901 STOCKED IN SIZES: 5, 6, 7, 8, 9, 10, 
11, 12, WIDTHS M, W & WW. NOW 3/8" DEEPER. 

QUICKLY MAILABLE FROM STOCK I 

Markell Shoe Company, Inc. Dept. 2B 
504 Saw Mill River Road, Yonkers, NY 10702 

Please send me your new catalog and literature 
on foot therapy. 

DOCTOR 

ADDRESS 

CITY STATE/ZIP 
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V E L S T R A P ® F a s t e n e r s . 

T h e I n s t a n t s t r a p f o r t o u g h j o b s 

VELSTRAP fas teners , t h e ready- to-use s t rap 
tha t goes on qu ick ly , ho lds secure ly . 
Reliable VELCRO® hook and loop fasteners in a ready-to-use 
strap with "cinch" ring. Easy to use: slip end of strap through 
ring, cinch it back on itself to fasten securely. The cinch ring 
acts like a pulley, almost doubling the closing force, and 
allowing strap to be pulled down tight when needed. Use as 
instant strap for splints and braces, or for holding therapy 
weights to wrists and ankles. May be used to bundle cables or 
restrain heavy equipment. Strong, lightweight, and completely 
adjustable, strap opens and closes thousands of times with 
little sign of wear. Adjusts quickly and easily, yet holds firmly. 
Washable, autoclavable. Available in 1", IV2", and 2" widths, 
lengths to 48 inches; beige color. 
Contact your supplier today 
IMPORTANT TO REMEMBER: All hook and loop 
fasteners look much alike. But they don't 
function that way. For dependability's 
sake, demand the best—VELCRO brand. 
You can't afford less. 

••f^M-i i l l 

Ready-to-use VELSTRAP 
fasteners apply instantly, 

provide necessary 
closing pressure with 

"cinch" ring. 

F A S T E N E R 
S M A L L E Y T T O f H 
220 Little Falls Road 
Cedar Grove, NJ 07009 
201/239-9014 , 
EXCLUSIVE DISTRIBUTORS OF VELCRO PRODUCTS FOR HEALTH CARE. 
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IT'S C O N S I S T E N T 

THE SAME FINE WOOL WITH A PLUS 
SUPER SOCK has been given a 'PLUS' that 
results in a prosthetic sock that retains the 
original properties of 100% wool and adds the 
plus features of more consistency, easier care, 
prolonged flexibility, less shrinkage, and less 
felting. 

SUPER SOCK BLOOMS WITH USE' 
Pressing has compacted the brand new SUPER 
SOCK. It becomes softer and fluffier with wear 
and washing. It remains more absorbent than 
blended socks throughout. 

SUPER SOCK IS 100% WOOL 
Modern technology has enabled KNIT-RITE to 
produce the 100% Natural Virgin Wool Sock. 
SUPER SOCK is knit from the same high quality 
wool as our OLD STYLE 100% Natural Virgin 
Wool Prosthetic Sock. In fact SUPER SOCKS 
are knit on the same machines. 

For More Details, Why Not Call or Write 
For The SUPER SOCK Brochure Today? 

S U P E R S O C K — ' I T L O V E S T O B E W A S H E D ! ' 

CALL TOLL FREE-1-800-821-3094 
IN MISSOURI — CALL 1-816-221-0206 

KNIT-RITE 
'AN EXCITING NEW COMPANY' 

OVER 59 YEARS OLD 

2020 GRAND AVENUE • P.O. BOX 208 
KANSAS CITY, MO 64141 

KNIT-RITE 
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T h e P a l u m b o D y n a m i c P a t e l l a r B r a c e 

Patent "4.296.744 

t h e only e f f e c t i v e b r a c e i n 
t h e c o n s e r v a t i v e t r e a t m e n t o f : 

PATELLAR SUBLUXATION 
CHONDROMALACIA 
TENDINITIS 

Live tBdIxt arms provide a 
consUinVmeilidlly displ.u my 
forte to the patella through a 
lull range of motion, thereby 
improving patellar tracking.t 

tThe Journal ot Sports Medicine, Vol. 9. 
No 1: "Dynamic Patellar Brace; A New 
Orthosis in the Management of 
Patellofemoral Disorders: A Preliminary 
Report" by P.M Palumbo, )r , M D 

© 1982 DynOrthotics 

w h e r e B a l a n c e 
i s C r i t i c a l 

prevents subluxation or 
dislocation 

valuable post-operatively, e.g. 
lateral retinacular release 

aids in diagnosis of patellar 
tracking problems 

reduces symptoms and incidence 
of chondromalacia and 

tendinitis 
mav promote definitive cure, 

especially in young patients 
valuable in acute subluxation 

or dislocation 
useful in patients in whom 
surgery is contraindicated 

simple to apply 
comfortable 

available i n 6 sizes, 
r ight and left knees 

To order call or write 

D y n O r t h o t i c s , i n c . 
P.O. Box 3147, Falls Church, Virginia 22043 

(800) 336-8470 or (703) 790-0200 



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 12 reprints. 
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Static Rotational Control Cervical 
Orthosis for the Treatment of 
Congenital Muscular Torticollis and 
Associated Plagiocephaly and 
Hemihypoplasia 
Barry Townsend, B.S., C.P.O. 

INTRODUCTION 
Numerous theories have been advanced to 

explain the etiology of Congenital Muscular 
Torticollis (CMT) , also known as Sternomastoid Fibrosis. Most prominent among 
these theories are molding and positioning of 
the fetus in late uterine life and injuries sus
tained to the sternomastoid muscle during 
birth. In late uterine life, if the fetal head is 
obliquely constrained for a prolonged t ime 
the sternomastoid muscle can be damaged 
through intermittent venous occlusion. 1 T h e 
incidence of obstetrical difficulties and trau
matic deliveries is too low to implicate birth 
injury as a cause for Sternomastoid Fibrosis. 6 

Three forms of Sternomastoid Fibrosis are 
encountered in pediatric practice; first, a so 
called sternomastoid " tumor," usually seen 
in infancy; second, diffuse fibrosis, without 
localized tumor, also seen in infants; and 
third, established torticollis seen in older 
children. Torticollis in older children due to 
Sternomastoid Fibrosis is most likely the out
come of fibrosis which began in utero. 6 

Histological features of Sternomastoid 
Fibrosis indicate degenerative changes of 
muscle fibers with deposition of fibrous con
nective tissue. The amount of fibrosis wi thin 

a certain muscle is highly individual and is 
directly correlated to the severity of the 
torticollis. Clinically, in 7 5 % of all cases in
volving sternomastoid tumor, the tumor dis
appears by six months of age. 6 

DIFFERENTIAL 
DIAGNOSES FOR 
TORTICOLLIS 

Postnatal torticollis may also result from 
other differential diagnoses. These are: 

1) Postural Torticollis: Probably due to 
persistence of the position of the fetus in 
utero. The sternomastoid muscles in this case 
are normal. 

2) Cervical Hemivertebrae: Produces tor
ticollis in which the limitation of rotation is 
not due to tightness of the sternomastoid 
muscle. Instead, the limited range of motion 
is produced by a skeletal vertebral anomaly. 

3) Delayed neuromuscular coordination 
may produce torticollis: This is especially 
true in infants between three and eight 
months of age. 

4) Cerebral Palsy: With unilateral or re
gional hypertonia, can cause persistent rota-



Fig. 1 — Sternomastoid muscle showing origin, in
sertion and action. 

Fig. 2. — This is a one and one-half month old infant 
suffering from left sternomastoid fibrosis. 

tion of the head to one side causing 
torticollis. 

5) Ocular Torticollis: Many different types 
are seen clinically. This type is not present in 
early infancy since compensatory postural 
adaptations normally do not appear before 
ocular fixation. 

REVIEW OF 
ANATOMY 

The sternomastoid muscle is the largest 
muscle in the neck (Fig. 1). It is thick and 
narrow at its central part but broader and 
thinner at either end. It originates at its distal 
end by two heads. The sternal head has its 
origin on the anterior surface of the manu
brium and the clavicular head on the upper 
surface of the medial one third of the clavicle. 
These heads blend below the middle of the 
neck to form a round thick muscle which 
inserts on the lateral surface of the mastoid 
process and superior nuchal line of the occip
ital bone. The function of the muscle, when 
it contracts individually, is to laterally flex 
the head in one direction and rotate it in 
the opposite direction, pointing the chin 
cranially. 

Figure 2 shows the effects of a shortened, 
fibrotic, left sternomastoid muscle in a one 
and one-half month old infant suffering 
from CMT. Torticollis is defined as being lat
eral inclination of the head to the affected 
side and rotation in the opposite direction. 

The main consequence of C M T in a zero to 
six month old infant is the decrease in neck 
rotational range of motion. This decrease in 
neck rotation has several secondary effects: 

• Wasting of ipsilateral trapezius: may be 
very marked. 

• Plagiocephaly: true facial asymmetry as 
seen from the vertex. 

• Hemihypoplasia: true facial asymmetry 
as seen from the front. 

• Spontaneous Involuntary Compensa
tion: postural adaptations for torticollis. 

DEFORMITIES 
Figure 3 is a posterior view of a five month 

old infant suffering from left Sternomas
toid Fibrosis. Please note the following 
conditions: 



• Wasting of upper fibers of left trapezius, 
since the upper fibers of the trapezius 
laterally flex the head in one direction 
and rotate the head in the opposite direc
tion. It works in unison with the sterno
mastoid muscle on that side. Inability to 
use the sternomastoid muscle results in 
disuse atrophy. 

• Asymmetry of neck folds. 
• A bald spot on the infant's right, flat

tened posterior parietal eminence. W h e n 
this infant was placed in the supine pos
ition, he was constantly bearing weight 
on this area of the head which caused 
the hair to be rubbed away. 

Figure 4a is a diagram of true plagio
cephaly as seen from the vertex. The plagiocephalic skull usually exhibits deformities 
such as a bulged posterior parietal eminence 
that is situated more posterior than normal. 
The ear on the side of the flattened frontal 
area is also situated more posteriorly. Refer
ring to Figure 4a, A plus B equals the width 
of the face as viewed from the front. The 
width of A, the flattened frontal area is usu
ally larger than B, the bulged side. The long 

axis (P) of the cranium is displaced from the 
sagital plane, to the right or left, depending 
on the affected side. It is therefore a quadri
lateral asymmetry which involves both right 
and left hemicrania and both frontal and oc
cipital regions. The flattened frontal area is 
always on the same side as the affected mus
cle. For example, this figure is for right Ster
nomastoid Fibrosis. 

Figure 4b shows a photograph of a left 
Sternomastoid Fibrosis: Note the associated 
asymmetries. 

Plagiocephaly can be congenital, deformational plagiocephaly, or it can be acquired 
after birth as the result of torticollis. In this 
latter case, the direction of rotation deter
mines the shape of the cranium. 

In the Oxford Child Health Survey 6 pla
giocephaly was found in five percent of in
fants between birth and one year of age. 
Twenty-one of these infants were reexam
ined ten years later and in 19 (90%) plagio
cephaly of some degree was still present. In 
an additional study of 35 infants by Peter 
Jones, plagiocephaly was found to persist in 
58% of the infants after a six and one-half 
year period. 6 

Deformational plagiocephaly will resolve 
spontaneously in most infants, especially in 
the absence of torticollis. However , in some 
cases these deformities may persist into 
adulthood as a mild to severe cosmetic dis
ability. 3 The removal of postnatal deforming 
forces such as torticollis will not always en
sure a return of craniofacial symmetry. In 
one long-term follow up study of children 
treated with surgery for torticollis, early 
muscle resection did not result in a higher 
percentage of patients with normal shaped 
heads. 8 

Dr. Peter Jones offers the following hy
pothesis as a possible explanation for ac
quired plagiocephaly. 6 In the first six months 
of an infant's life, before he can sit erect, the 
head is constantly in contact with some part 
of the environment . In an infant with CMT, 
there is little or no variation in the position of 
the head. For example, an infant with left 
Sternomastoid Fibrosis, who cannot rotate 
his head to the left comfortably, will bear his 
weight while in the prone position on the 
left frontal lobe and while in the supine po
sition on the diagonal right posterior parietal 

Fig. 3. —Posterior view of a five month old infant 
suffering from left sternomastoid fibrosis. 



Fig. 4a. — Diagram of true plagiocephaly as seen from 
the vertex. P: long axis of the cranium; PPE: posterior 
parietal eminence; E: site of external ear; A and B: 
width of face as viewed from the front. This diagram 
shows a normal shaped head in gray and a rhomboid 
shaped head in black. 

Fig. 4b—Photograph of infant showing opposite 
isomer. Note frontal and maxillary "horizons" with 
concordant asymmetry. 

Fig. 5 - Photographs of infant showing facial asymmetry associated with plagiocephaly. The 
middle face (B) is the normal. The right face (C) is a composite of two right halves and the left 
face (A) is a composite of two left halves. 



eminence. The head consequently assumes a 
rhomboid shape. Clinical observations sup
port Jones ' hypothesis because as the infant 
starts to sit up, the deforming forces, i.e., the 
effects of gravity, are removed and the head 
starts to assume a more spherical shape. 
Dr. Jones also proved that deformation by 
gravity was possible. He molded one kilo
gram (kg.) of molding putty into an elliptical 
sphere resembling the shape of the human 
cranium. A match was inserted as an anterior 
midline marker. He then heated the putty to 
22° C and placed the mass of putty on an 
unyielding horizontal surface so that the 
long axis of the mass inclined 45° . In 15 sec
onds, the exact shape of a plagiocephalic 
skull developed. 

The brain in the newborn weighs approx
imately .75 kg. and has even greater plas
ticity and compliance with gravitational 
force than putty. The cranium of the neonate 
is two to three millimeters thick and largely 
membranous. It is therefore possible that ac
quired plagiocephaly in infants with persis
tent rotation of the head to one side may be 
caused by directing the force of gravity in 
such a way that pressure is exerted by the 
brain on a specific segment of the cranium, 
imprinting upon it the shape of the pla
giocephaly from within. 

Walter, in other clinical observations in 
1929, reported an extraordinary experience 
with one of his patients with torticollis. In 
this patient post-operative retention of the 
head in an over-corrected position in a plas
ter cast of the head and neck region was un
duly prolonged for 17 weeks. As a result, the 
plagiocephaly and hemihypoplasia were 
found to have been transferred to the op
posite side when the plaster was removed. 

It has been suggested in the literature that 
if the child sleeps prone, facial asymmetry 
will increase and if he sleeps supine, cranial 
asymmetry becomes more pronounced. 3 Fig
ure 5 shows the facial asymmetry which is 
associated with plagiocephaly. Note the 
flattened left frontal lobe and bulged right 
frontal lobe and cheek. 

The next secondary effect of torticollis is 
hemihypoplasia. This term is defined as true 
facial asymmetry on the side of the affected 
muscle. The contour of the cheek is flatter, 

and the vertical height of the face is dimin
ished while the horizontal width is usually 
greater. Plagiocephaly contributes to the 
width and horizontal aspects whi le hemi
hypoplasia contributes to the vertical aspect. 
The height of the face is defined as being the 
distance between the supraorbital ridge and 
the maxillary alveolus, i.e., eyebrow to top 
teeth (Fig. 6). 

The mechanism by which sternomastoid 
torticollis produces hemihypoplasia has not 
been explained. Hemihypoplasia usually de
velops in patients whose torticollis persisted 
beyond the age of six months. The earliest 
age at which true facial hemihypoplasia was 
seen to develop was seven to eight months. 
There is not a close correlation between the 
severity of torticollis and the degree of hemi
hypoplasia. This condition does improve 
after surgery and no improvement in facial 
asymmetry is to be expected after the age of 
18-20 years. 

The last deformities seen in C M T are pos
tural adaptations or spontaneous involun
tary compensation for torticollis. Between 

Fig. 6 —A photograph of hemihypoplasia in a two 
year old infant suffering from left CMT. 



four and six months of age as the in fant 
begins to sit erect a lateral inc l inat ion of the 
head is seen. As the in fant develops there are 
two ways i n w h i c h spontaneous invo lun tary 
compensation for sternomastoid tort icol l is 
could occur: 

1) elevation of the affected shoulder and 
2) lateral shif t of the head towards the 

affected side (Fig. 7a and 7b). Both of these 
maneuvers are an attempt to relieve the ten
sion on the sternomastoid muscle. 

ORTHOSIS 
DESIGN 

A static rotat ional contro l cervical orthosis 
has been designed to stretch a f ibrot ic sterno
mastoid muscle (Fig. 8) . There are t w o sec
tions to the static rotat ional contro l cervical 
orthosis. The head section has asymmetr ical 
t r i m l ines w h i c h are dictated by the side the 
affected sternomastoid muscle is on and the 
thoracic section w h i c h is t r i m m e d i n a sym

metr ical fashion. The head section of the or
thosis has an anterior project ion on the side 
opposite the affected muscle. The projection 
funct ions to push on the xygomatic arch of 
the bulged side and not to push on the man
dible on that same side. The head section of 
the orthosis also incorporates a posterior 
project ion on the same side as the affected 
muscle. The anterior and posterior projec
t ions wo rk together to prevent the in fant 
f r om rotat ing his head i n the direct ion of the 
affected sternomastoid muscle. 

The head section and the thoracic section 
are inter locked i n v i r tua l l y any degree of ro
tat ion by a r i ng of 5/8" w ide Velcro (Figs. 9a 
and 9b) . This freedom of rotat ion al lows 
treatment to begin i n a neutral rotat ion 
posi t ion, and progressively stretches a t ight 
sternomastoid muscle by s lowly increasing 
rotat ion. I n add i t ion, w h i l e the ch i l d is l y i n g 
prone or supine he w i l l p ick u p weight bear
i ng on the bulged posterior parietal emi 
nence and the bulged anterior f ronta l lobe 
and face thereby a l l ow ing the effects of grav
i t y to successfully remold the plagiocephalic 
head in to a more norma l shape. 

Fig. 7a — Elevation of affected shoulder. 

Fig. 7b — Lateral shift of the head toward affected 
shoulder. 

Fig. 8—Static rotational control cervical orthosis. 



Fig. 9a —Posterior view of head section of orthosis 
showing slide interlock keepers and ring of Velcro. 

Fig. 9b —Anterior view, thoracic section. Shows ring 
of Velcro and Kip leather glued to the inside of the 
thoracic section. This leather functions to protect 
the patient's skin when the head section is rotated on 
the thoracic section. 

Fig. 10 —Anterior view cervical orthosis without reinforcing corrugations. 

Design Modifications 
Some changes were made to the original 

design to create the current orthosis. The first 
design incorporated three-sixteenths of an 
inch cotton rope to make reinforcing cor
rugations on the head anterior and posterior 
projections (Fig. 8) . The original theory was 
that the sternomastoid muscle would have to 
be forcibly stretched. However, after treat
ment of one infant it was found that this is 
not the case. A second orthosis was fabricated 
without corrugations and this modification 
made fabrication easier and did not hinder 
the effectiveness of the overall treatment 
(Fig. 10). 

Two modifications to the anterior projec
tion were made in the second design which 
makes treatment much more effective. Fig
ure 11 shows the removable anterior projec
tion with its slide interlock keepers and 
Velcro straps. The anterior projection is re
moved when the child lies in the prone po-



sition making him bear weight on the entire 
aspect of his face and frontal lobe. This, in 
theory, should cause the anterior craniofacial 
deformities to disappear more quickly. At 
this point, the orthosis has lost one of its 
counter rotation projections and if the infant 
can rotate out of the orthosis he will have to 
have his sleeper firmly pinned to this mat
tress to limit movement during sleep. 

Figure 12 shows the second design mod
ification of the anterior projection. This cervi-

cal orthosis was prescribed for a four year old 
male who has spasmodic torticollis of un
known etiology. The forces required to 
stretch a spasmodic sternomastoid muscle 
are much greater than the forces needed to 
stretch a fibrotic sternomastoid muscle. The 
anterior projection is reinforced with one-
eighth inch thick a luminum. The reinforced 
anterior projection can be contoured in such 
a fashion that the patient is assured of re
ceiving rotational corrective forces on the xygomatic arch only and not on the mandible 
of the same side. 

After the first static rotational control cer
vical orthosis had been in use it became 
readily apparent that a final modification 
was necessary to aid in the donning and 
doffing of the orthosis. The head and thoracic 
sections were cut into two equal halves in the 
mid-sagittal plane. Four piano hinges were 
then attached to the posterior aspect of the 
head and thoracic sections (Fig. 13). Slide in
terlock keepers and Velcro closures were at
tached to the anterior aspects of both head 
and thoracic sections (Fig. 12). 

Fig. 11 —Anterior lateral view showing removable 
anterior projection. 

Fig. 12 — Anterior view cervical orthosis showing re
inforced anterior projection, slide interlock keepers 
and Velcro straps. 

Fig. 13 —Posterior view of static rotational control 
cervical orthosis showing four piano hinges. 



NEGATIVE 
IMPRESSION 
PROCEDURE 

If possible, the infant should be sedated 
prior to casting. 

To obtain a cast impression for the cervical 
orthosis, a modified turtle neck shirt was fab
ricated and worn by the patient. A piece of 
one-quarter inch thick cotton felt, three-
quarters of an inch wide, was placed on the 
neck of the patient and stapled posteriorly. A 
cast removal strip was applied posteriorly. 
The proximal right and left anterior sections 
of the sock were then stapled together (Fig
ure 14). The shirt was made long enough so 
the distal anterior and posterior sections 
could be stapled together between the pa
tient 's legs. The following landmarks were 
then identified with a transfer pencil: right 
and left cars, clavicles, and right mandible. 

To obtain a negative impression, circum
ferential wraps of elastic plaster bandage 
were molded on the head and neck areas of 
the patient. An effort was made to keep the 
wraps distal in the anterior left section and 

more proximal in the posterior left and ante
rior right sections. Flexible plaster splints 
twelve inches long and three layers thick 
were applied from anterior to posterior to 
continue the mold distally to obtain an im
pression of the shoulder and thoracic areas. 
Care was taken to assure that the infant's 
head and neck were held in a neutral posi
tion (Fig. 15). Finally, Figure 16 shows the 
impression removed and plaster trim lines 
kept proximal in the anterior right and pos
terior left regions. 

POSITIVE MODEL 
MODIFICATIONS 

Remove the neck ring (cotton felt) from 
the negative impression. Fill the impression 
with plaster of paris. Place the pipe mandrel 
in the thoracic section of the model; it should 
not extend proximally into the neck region of Fig. 14 —Infant in modified turtle neck shirt. 

Fig. 15 — Infant in plaster. Every effort should be 
made to take the negative impression with the 
head and neck held in neutral position. 

Fig. 16 — Efforts should be made to keep the plas
ter wrap proximal in the areas where the anterior 
and posterior projections are to be located. 



Fig. 17a,b,c — Transverse plane is identified in mid-
neck region of positive model. 

Fig. 17b 

Fig. 17c Fig. 18 — The positive model is bisected in the transverse plane. 



Fig. 19a,b — Vertex view of transverse plane on 
thoracic section and (b) head section. 

Fig. 19b 

Fig. 20 — 1/8" of plaster is removed from transverse 
plane on both thoracic and head sections. 

the model. Smooth the positive model and 
add reliefs to the clavicular and mandibular 
and chin areas. A generous relief is needed in 
the mandibular area and slight build-ups are 
needed in the other areas. 

Modify the neck section of the positive 
model as round as possible and bring it to the 
average dimension between the patient's 
neck M-L and neck A-P measurements plus 
three-eights of an inch; this is the inside 
neck measurement. A wire of solder 
wrapped around the neck area gives an exact 
shape of the model. 

Remove additional plaster from the bulged 
posterior parietal eminence. In the mid-neck 
area of the model the transverse plane must 
be identified and marked with an indelible 
pencil (Fig. 17 a, b, c) . The transverse l ine 
previously drawn acts as a saw line and the 
neck section of the model is separated from 
the head section (Fig. 18). 

The exact centers of the neck areas are 
identified on the thoracic and head sections. 
A circular compass is used to scribe a circle 
of equal radius on both thoracic and head 
sections (Fig. 19 a and b). This line functions 
as a guide when modifying the positive 
model impressions into two equal circles. 
These are equal to the inside neck 
measurement. 

A transverse plane slice approximately 
one-eighth of an inch thick is removed from 
the thoracic and head sections of the model. 
Removing this plaster allows for the thick
ness of the Aliplast l ining and plastic cover 
(Fig. 20). 



Fig. 21 —Three or four layers of 1/4" thick Aliplast 
are successively glued around the anterior, posterior 
and lateral aspects of the positive model. 

Fig. 22 —This picture shows a circle of 3/4" wide, 
1/16" thick high density polyethelene with the inside 
neck diameter equaling the inside neck radius of the 
model. This plastic is glued to the vertex aspect of the 
thoracic and head sections. 

Fig. 23 —The model is now ready for vacuum forming. Fig. 24 —1/8" thick low density polyethelene is vacu
um formed over the model. 



Thoracic Section Fabrication 
Aliplast lining (1/8") is heated in the oven 

and pulled over the thoracic section of the 
model, after which the lining is built up with 
three or four layers of 1/4" Aliplast. These suc
cessive layers of Aliplast provide a build up 
which is approximately 3/4" larger in radius 
than the inside neck radius that was pre
viously drawn. This build-up is then ground 
parallel to the transverse plane and made as 
flat and as thin as possible (Fig. 21) . 

Cut out a circle of 3/4" wide and 1/16" thick 
high density polyethelene with the inside 
diameter equaling the inside neck meas
urement of the model (Fig. 22). Center this 
plastic and glue it with polyadhesive to the 
proximal aspect of the model. The function 
of this plastic ring is to keep the 3/4" Aliplast 
build-up from collapsing when the model is 
finally draped and vacuum formed. 

Whi te tube-gauze stockinette is stapled in 
the center of the neck region and then pulled 
over the model and secured to the mandrel 
which has been prepared for vacuum form
ing (Fig. 23). In the initial orthosis design 3/16" 
cotton rope was used as corrugation material; 
this step is not necessary. Next, 1/8" low den
sity polyethylene is vacuum formed over the 
model (Fig. 24) . 

Head Section Fabrication 
To accommodate a pipe mandrel , a 3/4" hole 

is drilled in the center of the vertex aspect of 
the head section. One-quarter inch thick Ali
plast is then heated in the oven, pulled over 
the model, and stapled into position. 

Build up three layers of 1/4" Aliplast around 
the neck region to equal a circle exactly 3/4" 
larger in radius than the actual inside neck 
model measurement. This build-up is then 
ground parallel to the transverse plane. The 
additional Aliplast material, which is located 
outside the 3/4" build-up is removed by using 
a felt cone (Figs. 25 and 26) . 

Cut out a circle of 3/4" wide, high den
sity polyethylene with the inside diameter 
equaling the inside neck measurement of the 
cast. This is glued with polyadhesive to the 
model. Tube gauze or whi te IPOS stockinette 
is then pulled over the model and secured to 
the pipe mandrel which has been prepared 

for vacuum forming. Vacuum form 1/8" high 
density polyethylene over the model. 

Trim Lines for Head and 
Thoracic Sections 

Locate the anterior projection of the prox
imal section so it will press on the xygomatic 
arch and avoid pressure on the ear. Trim the 

Fig. 25 —Three layers of 1/4" Aliplast are glued 
around the anterior, posterior and lateral aspects 
of the model. 

Fig. 26 — The excess material is ground flat and parallel to the transverse plane. 



lower portion of the anterior projection so as 
not to cramp the mandible on that side. 

Tr im the posterior projection as close to 
the ear as possible since the ear on that side 
of the orthosis is sometimes located more 
posteriorly, and, with correction, will move 
anteriorly. As the ear moves anteriorly, 
modifications to this area of the orthosis may 
be necessary to keep an intimate fit. The pos
terior trim line on the posterior projection 
swings distally just after the mid-sagittal line. 

Trim the thoracic section in a symmetrical 
fashion without inhibit ing any horizontal 
glenohumeral flexion. Leather (Kip or Elk) 
may be glued to the inside thoracic neck sec
tion. This functions to protect the infant's 
skin from being scratched when the head 
section is applied and rotated. 

CASE REPORT 
TJT is a male Caucasian. He was born 

heal thy via an uncomplicated vertex deliv
ery. W h e n TJT was about two weeks old the 
mother noted that he preferred to sleep in 
the prone position with his head rotated to 
the right. At five weeks the mother observed 
a lump in the left side of the baby's neck. At 
five and one-half weeks the pediatrician 
found a small, hard tumor in the left sterno
mastoid muscle. The tumor was one centi
meter in length and width and occupied only 
part of the muscle. Torticollis was present at 
this t ime with passive rotation to the left 
reduced to 40° (normal is 90° ) . Plagiocephaly 
was noted and stretching exercises were 
prescribed. 

At 11 weeks TJT was seen by an ortho
pedist and X-rays were taken to determine if 
a hemivertebrae condition existed; it did not. 
At this t ime there was n o marked increase in 
rotation to the left and plagiocephaly had 
increased. The parents were instructed to put 
the infant down to sleep on either side 
alternately, avoiding the supine and prone 
positions. 

The parents were also instructed to always 
approach the infant from his left side thus 
making h im rotate his head to the left, 
stretching the tight left sternomastoid mus
cle. The stretching exercises were continued. 

At 16 weeks, passive rotation to the left 
increased to approximately 4 5 ° - 5 0 ° , while 
the plagiocephaly was much the same. A 

prescription was given for a static rotational 
control cervical orthosis. 

At five months of age, the cervical orthosis 
was applied to TJT. At this t ime passive rota
tion to the left had increased to 50° while the 
plagiocephaly stayed much the same. 

Initially, the cervical orthosis was worn by 
the patient whi le supine and sleeping in a 
neutral rotation position. Wearing time was 
dictated by the patient 's tolerance for the or
thosis. As TJT's tolerance for the cervical or
thosis grew, his ability to accept stretching of 
the sternomastoid muscle also increased. 
Consequently, rotation to the left was in
creased daily. After wearing the orthosis for 
one week, TJT's passive rotation had in
creased to 6 5 ° - 7 0 ° . At the end of the first 
week of wear, TJT contracted a low grade 
intestinal flu which caused h im to vomit oc
casionally. As a result, the orthosis was re
moved for the duration of the sickness. 

As orthotic treatment progressed, TJT's ro
tation in the orthosis increased until he 
achieved almost full rotation while wearing 
the orthosis (Fig. 27) . At approximately seven 

Fig. 27 — Picture showing infant at six months of age 
(one month into brace treatment) fully rotated to
wards the affected side. 



Fig. 28a —Comparative photos before and after 
treatment with the static rotational control cervical 
orthosis. 

Fig. 28b-Left. Patient TJT at nine months of age, 
when orthotic treatment was terminated. Right, at 
two years of age only mild facial asymmetry is seen. 

Fig. 28c Fig. 28d 



months of age TJT began balding on his left 
bulged posterior parietal eminence, and at 
eight months he began to show signs of an 
ulcer on this spot. Rotation was consequently 
changed periodically, i.e., maximum rotation 
applied one night and decreased to 40° the 
next night. The bald spot and ulcer were an 
indication that the cervical orthosis was in
deed changing the weight bearing pattern on 
TJT's skull. This ulcer and bald spot could 
have been prevented if the removable ante
rior projection had been incorporated into 
his orthosis design and if he had been alter
nately placed in the supine and prone posi
tions every other night. 

At n ine months of age, TJT began to roll 
from the supine to prone position while 
wearing the orthosis. Since it was undesira
ble for the infant to lay on the anterior 
projection the orthosis was removed and 
treatment was completed. At this t ime, cra
nial symmetry was achieved. Mild facial 
asymmetry did persist as can be seen in com
parative photographs of the infant at two 
years of age (Figs. 28 a-b, c-d, and e-f). 

CONCLUSION 
In this initial study, treatment has been 

safe and effective. In a patient undergoing 
static rotational control treatment between 
five and n ine months of age, correction oc
curred within four months . In older infants, 
longer treatment periods should be antici
pated because the skull is becoming less cartilagenous in nature. 

It will not be known if the treated patient 
would have eventually spontaneously re
solved his plagiocephaly. However, after re
moving the orthosis which TJT had worn for 
four months , very little spontaneous resolu
tion has occurred. It is also believed that any 
remaining facial asymmetry could have been 
prevented by incorporating the removable 
projections into the original orthosis design. 

A suggestion for the future is static rota
tional control treatment for all infants 
suffering from severe plagiocephaly and also 
for those in w h o m more moderate deform
ities persist for several months without any 
apparent spontaneous improvement . The 
orthosis may also be used in conjunction 

Fig. 28e 

Fig. 28f 



with surgery to improve the plagiocephalic 
condition. 
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Comparing the Effectiveness of Elastic 
Bandages and Shrinker Socks for 
Lower Extremity Amputees 
Kathleen J. Manella, B.S., R.P.T. 

Delaying prosthetic fitting because of in
adequate shrinkage of the residual l imb is 
detrimental to and discouraging for the am
putee. The delay is especially frustrating 
when the patient displays the ability to wrap 
the l imb well and is conscientious about fol
lowing the treatment program. This study 
was designed to evaluate the comparative 
effectiveness of elastic bandaging and elastic 
shrinker socks in decreasing residual l imb 
volume. 

Early prosthetic application and the pre
vention of contractures are the foremost pri
orities in the rehabilitation of the amputee. 1 

In order to begin prosthetic rehabilitation, 
the residual l imb must be well healed 
and nonedematous. Adequate supportive 
bandaging during the postoperative period 
should 

1) act as a dressing. 
2) remain securely positioned despite 

movement of the l imb. 
3) hold tissue to control edema, and 
4) mold tissues to facilitate prosthetic 

fitting. 
Opt imum pressure gradients can be exerted 
that will control edema, support circulation, 
and minimize inflammatory reactions, all of 

which promote healing and are significant in 
the shaping of the residual l imb. 

Among civilians, the majority of lower 
extremity amputations are performed on 
elderly patients. Of these, 85 percent are sec
ondary to ischemia produced by vascular dis
ease. 1 The healing process in these patients is 
slow, and breakdown of the tissue further 
prolongs hospitalization and delays pros
thetic rehabilitation. 

Swell ing is common and, in a postoper
ative l imb, inevitable. However , the pres
ence of swelling and the failure of the 
swelling to subside unfavorably influence 
rehabilitation. Compression of tissues is de
sirable; one of the greatest problems is the 
unavailability of an efficient dressing that 
will support, compress, and protect the l imb. 

Four basic types of compressive bandaging 
have been investigated: 

1) soft dressings, 
2) pneumatic appliances, 
3) semirigid dressings, and 
4) rigid dressings. 

The elastic wrap bandage is a commonly 
used soft dressing. It is inexpensive and 
readily available. It has traditionally been 



used despite its inability to maintain contin
uous snugness and the d i f f icu l ty encoun
tered i n app ly ing the wrap . The usefulness 
of this type of dressing i n amputat ion man 
agement is controversial. The patient's app l i 
cation of such a bandage often leads to poor 
results and may have negative effects such as 
compromised venous f low and th romboem
bol ism. Other types of soft dressings have 
been studied. Dow ie investigated the plastic 
vinyl chloride bag as a primary dressing.2 

Sher recommended the shr inker sock as a 
secondary dressing. 3 

Various types of pneumat ic devices have 
been developed i n recent years. A pneumatic 
device permi ts adjustment of external ly ap
p l ied pressure as we l l as accessibility of the 
operative site for inspection. These devices 
have been recommended as an alternative 
dressing for cases i n w h i c h a r ig id dressing 
cannot be applied.3-5 

Semir ig id dressings include the use of a 
gel- impregnated dressing 6 and support ive 
bandaging described by Puddifoot and asso
ciates.7 The appl icat ion of a r ig id plaster 
dressing immediate ly after surgery is w ide ly 
supported as a method that hastens residual 
l i m b shrinkage and shapes the l i m b for pros
thetic f i t t ing . 

O f p r imary importance w h e n considering 
a compressive bandage is the amount of ex
ternal ly appl ied pressure possible w i t hou t 
compromis ing vascular supply. Husn i and 
associates f ound that max imal venous accel
erat ion and m i n i m a l i n f l ow obstruct ion were 
attained at pressures of 15 to 20 m m H g . 9 

Kosiak demonstrated marked susceptibi l i ty 
of tissue to relat ively l ow constant pressures 
for short periods of t ime. 1 0 He observed m i 
croscopic evidence of edema and cellular 
in f i l t ra t ion w h e n 50 m m H g was exerted over 
a two-hour per iod. Fur thermore, sustained 
pressures i n excess of 25 m m H g are poten
t ia l ly ha rmfu l . 1 1 

H u s n i and associates found that pressures 
of elastic bandages greater than 10 m m H g 
simulated a major venous occlusion, 
whereas, w i t h an air spl int , pressures up to 
20 m m H g could be safely appl ied. This result 
was at t r ibuted to the tourn iquet- l ike effect 
produced by the elastic bandage. 9 

Several studies have compared the 
effectiveness of various bandaging methods. 

Mooney and associates f ound that the great
est delay i n prosthetic f i t t ing occurred among 
amputees w h o used elastic bandages rather 
than r i g id plaster casts. 1 2 The fai lure rate 
( l imbs requ i r ing below-knee revision) for the 
elastic bandage g roup was 22 percent, com
pared w i t h 6 percent for the plaster cast 
group. Isherwood and associates1 1 at tempted 
to ascertain pressure dist r ibut ions beneath 
the elastic w rap , the bandage described by 
Puddifoot and associates,7 and the pneumat ic 
appl icat ion. The elastic w r a p exhibi ted the 
greatest range of pressures (23-72 m m H g ) as 
we l l as the major i ty of highest readings. Elas
tic bandaging, therefore, is unrel iable and 
potent ia l ly dangerous i n terms of pressure 
and pressure d is t r ibu t ion . 1 1 

M E T H O D S 
Subjects 

The subjects were 12 amputees w i t h 
below-knee residual l imbs. The f ive m e n and 
seven w o m e n ranged i n age f r om 12 to 88 
years. The mean age was 56 and the median 
was 63. Four basic criteria for acceptance 
were developed: 

1) a wel l-healed incis ion, 
2) a score of 9 on a 10-point scale of proper 

w rapp ing technique (Fig. 1), 
3) avai labi l i ty for week ly measurements 

for four consecutive weeks, and 
4) not more than 2.25 kg (5 lb) of we igh t 

change over the four-week test per iod. 
The 10-point rat ing scale of w rapp ing tech
n ique was developed by the cl inical staff 
therapists (Fig. 1). These 10 i tems were used 
to evaluate independence i n w r a p p i n g pro
cedures. D u r i n g each week of the test per iod 
each i t em that the subject could per fo rm i n 
dependent ly was checked off. A total score 
was obtained by adding the number of 
checks recorded. The subjects were we ighed 
at the beg inn ing and end of the test per iod to 
ascertain maintenance of a stable we igh t 
th roughout the four-week test per iod. 

O f the 12 l imbs, 10 (83%) had required am
putat ion because of ischemia caused by 
diabetes mel l i tus or vascular disease. This 
p ropor t ion of amputat ions resul t ing f r o m 



ischemic disease closely parallels the per
centage previously reported in the general 
population. 1 

The subjects were randomly assigned to 
two groups. One group used elastic bandages 
wrapped above the knee, the other group 
wore elastic shrinker socks* that extended 
above the knee. Instructions given to each 
subject were uniform and consistent. Each 
subject using the wrapping technique was 
instructed to begin the wrap at the lateral 
side of the l imb and proceed anteriorly to the 
medial, distal side of the l imb (Fig. 2). All 
i tems on the 10-point rating scale (Fig. 1) 
were emphasized. The instruction session 
was concluded when the subject consistently 
performed the steps of proper wrapping 
technique. The subjects using shrinker socks 
were instructed in their proper application. 
Total contact and proper suspension were 
emphasized. All subjects were instructed to 
reapply the dressing at least every four 
hours, and more often if necessary. 

Procedure 
An anthropometric technique designed to 

calculate segmental leg l imb vo lume 1 3 was 
used to determine residual l imb volume. The 
residual l imb was partitioned into truncated 
cones (Fig. 3 ) . The formula for volume of a 
truncated cone using circumference and 
height measurements is: 

For each truncated cone, C1 is the proximal 
circumference, C 2 is the distal circumference, 
and h is the height (Fig. 3 ) . 

The total length of the below-knee re
sidual l imb was determined with a modified 
straight-edge ruler using the medial tibial 
plateau and the end of the tissue as the prox
imal and distal landmarks, respectively. 
These landmarks are easily palpable and 
correspond to those used to determine 
l imb length for fabrication of a below-knee 
prosthesis. 8 

Circumferential measurements were re
corded with Jobst+ measuring tapes. The first 
tape was placed at the site of the medial tibial 
plateau. These tapes are spaced at a distance 
of 4 cm (1.6 in); therefore, the height of each 

Fig. 1 —Ten-point rating scale for evaluating inde
pendence in elastic bandage wrapping technique. 

Fig. 2 — Description and schematic depiction of ap
propriate wrapping procedures. 

Fig. 3 —Below-knee residual limb particloned into 
truncated cones. Each cone is measured circumferentially at its top (C1) and base (C2) and height is 
defined as the distance between these two points. 



t runcated cone was 4 cm. I f the height of the 
most distal cone was less than 4 cm, its height 
was then determined by subtract ing the sum 
of the heights of the prox imal cones f r om the 
total length of the l i m b . The tape for the 
distal circumference of this cone was placed 
as close to the end of the l i m b as possible. A l l 
measurements were taken wh i l e the subject 
was s i t t ing w i t h the knee relaxed and flexed 
to 90 degrees. 

RESULTS 
Table 1 presents the demographic descrip

t ion of both samples. Note that the shr inker 
g roup was older (al though not signif icant ly 
so) and had more vascular disease than d i d 
the bandage group. N o difference i n residual 
l i m b length was noted. 

By summing the volumes of each t r u n 
cated cone, a total vo lume for the l i m b was 
determined. Table 2 presents the average 
(± SEM) vo lume determinat ions (cm 3 ) for 
each wrapp ing method over the four-week 
test per iod. Note that there was an average 
increase ( f rom week 1 to week 4) of 16.5 c m 3 

(t = 0.32, NS) for the bandage method, 
whereas there was an average decrease bor
der ing on significance of 63.6 c m 3 (t = 1.67, 
p = .08) for the elastic shr inker sock method. 
Compar ing these t w o averages for the t w o 
methods revealed that the elastic shr inker 
method produced a signi f icant ly larger de
crease i n vo lume (t = 2.10, p = .03) after four 
weeks than d i d the bandage method. 

DISCUSSION 
This study indicated that the elastic 

shr inker sock method was signi f icant ly bet-

ter than the bandage method i n reducing re
sidual l i m b vo lume (Tab. 2). This result 
appears not to be attr ibutable to length of the 
residual l i m b , inasmuch as average l i m b 
lengths were equal i n the t w o groups 
(Tab. 1). This result could be at t r ibuted, h o w 
ever, to the increased percentage of ischemic 
disease i n the shr inker sock group, inasmuch 
as this type of disease may create a greater 
potent ia l for shrinkage. Assuming that 
younger patients m igh t respond better than 
older patients to w rapp ing , i t is indeed sur
pr is ing that no change was observed i n the 
bandage g roup despite the fact that i t was 
composed of the youngest subjects i n the 
sample. 

These statistical results con f i rm our c l in 
ical observations noted du r i ng treatment of 
these and other patients not reported here. I n 
general, w e had bel ieved that shr inkers were 
more effective; consequently we had substi
tuted t hem for bandaging i n many cases. 

T A B L E 1 
Demographic Description of Sample 

T A B L E 2 
Mean (± sem) Volume Determinations for Each Method Over the Four Week Test Period 



CONCLUSION 
W e recommend the use of an elastic 

shrinker sock as the method of choice in 
treating the below-knee amputee. In this 
study elastic bandaging was not effective in 
decreasing residual l imb volume and, there
fore, its use must be reevaluated, especially 
for patients with vascular disease. 

Ms. Manella was Supervisor of Orthopedics, Neurology, and Rehabilita
tion, Department of Physical Medicine and Rehabilitation, University of 
Illinois Hospital, Chicago, IL, when this study was done. She is now Super
visor of Education, Department of Therapies, Orthopedic Hospital, Los 
Angeles, CA 90060 (USA). 

Preserved as an original investigative study at the Fifty-fourth Annual 
Conference of the American Physical Therapy Association, Las Vegas, NV, 
June 1978. 

This article was submitted January 11, 1979, and accepted April 11, 1980 for 
publication in Physical Therapy. The article is reprinted from Physical Ther
apy (61:334-337, 1981) with the permission of the American Physical Therapy 
Association. 

•Truform, 3960 Rosslyn Dr., Cincinnati, OH 45209 
+ Jobst Institute, Inc., Box 654, Toledo, OH 43694. 

References 
1. McCollough N.C., The dysvascular amputee Orthop Clin North Am 

3:303-321, 1972 
2. Dowie D.A., Amputation stump management: A preliminary report on 

the use of shrink plastic film as a surgical dressing in amputation 
surgery. Med J. Aust 2(4), 127-129, 1975 

3. Sher M.H., The air splint: An alternative to the immediate post
operative prosthesis. Arch Surg 108:746-747, 1974 

4. Barraclough N.B., Coupland G.A.E., Reeve T.S., Air splints used as 
immediate post-operative prosthesis after long posterior flap below-
knee amputation. Med J Aust 2:764-767, 1972 

5. Kerstein M.D., Utilization of an air splint after below-knee amputation. 
Am J Phys Med 53:119-126,1974 

6. Sterescu L., Semirigid (Una) dressing of amputations. Arch Phys Med 
Rehabil 55(9);433-434,1974 

7. Puddifoot P.C., Weaver P C , Marshall S., A method of supportive 
bandaging for amputation stumps. Br J Surg 60:729-731, 1973 

8. Burgess E.M., Romano R.L., Zetti J.H., The management of lower ex
tremity amputations. Document TR10-6. Washington, DC, Veterans 
Administration, 1969 

9. Husni E.A., Ximenes J.O., Hamilton F.G., Pressure bandaging of the 
lower extremity. JAMA 206:2715-2718, 1968 

10. Kosiak M., Etiology of decubitus ulcers. Arch Phys Med Rehabil 
42:19-29, 1961 

11. Isherwood P.A., Robertson J.C., Rossi A., Pressure measurements be
neath below knee amputation stump bandages: Elastic bandaging, the 
Puddifoot dressing, and pneumatic bandaging technique compared 
Br J Surg 62:932-986, 1975 

12. Mooney V., Harvey J.P., McBride E., et al. Comparison of post-operative 
stump management: Plaster vs. soft dressing. J Bone Joint Surg [Am] 
53:241-249, 1971 

13. Katch U.L., Katch F.I., A simple anthropometric method for calculating 
segmental leg limb volume. Res Q 45(2):211-214, 1974 



The String Casting Technique 
for Below Elbow Amputations 
T i m o t h y B. S t a a t s , M . A . , C . P . 

INTRODUCTION 
The String Casting T e c h n i q u e + is a 

method of casting the below elbow amputee 
for a socket that provides good range of mo
tion, self suspension and very high trim 
lines. 

The principles of self suspension of below 
elbow sockets became largely acceptable 
with the introduction of the Muenster Cast
ing Technique. 1 The Muenster Technique in
volves a hand holding technique for casting 
that results in good suspension but normally 
has a limited range of motion (Fig. 1 and 2) . 
As the residual l imb is flexed, the anterior 
trim line, by design, impinges on the cubital 
fold area thereby preventing full flexion. 

Bil lock 2 described a self suspension casting 
technique which provides an excellent range 
of motion, supra-epicondylar suspension, and 
has an identifiable trim line which sweeps 
distally on the anterior surface of the socket 
(Fig. 3) . Billock maintains that research has 
shown high trim lines are not necessary be
cause the major weight distribution in the 
below elbow amputee occurs in the distal 1 1/2" 
of the residual l imb. The Billock technique 
does not attempt to encapsulate the residual 

l imb during casting and a classic bulging 
normally appears about the cubital fold. 

Fig. 1 —The Muenster casting technique utilized 
proper hand positioning to determine the anterior 
trim line. From the New York University manual. 



Fig. 2 —The Muenster technique determined the 
posterior trim line and olecranon relief by proper 
hand cupping and finger pressure proximal to the 
olecranon. 

Fig. 3 - Northwestern self suspending socket (Billock) features a low anterior trim line to allow use by mid-
forearm and longer amputations. 

T h e German casting t echn ique 3 involves 
the use of two types of plaster and cut pat
terns to create classical shapes and excellent 
results exhibiting good range of motion, high 
trim lines, self suspension and good stability. 
In the German technique the hands are held 
in a manner that greatly reduces flexion im
pingement, however both hands must re
main on the cast and extra steps of plaster 
casting are involved. 

In 1980 the String Casting Technique was 
developed at the U.C.L.A. Prosthetics-
Orthotics Laboratory as a simplification of 
the German casting technique. It clearly 
achieves the same result as the German tech
nique but is faster, easier to control and not 
quite so messy. The following is a description 
of the casting and mold modification 
technique. 

The principle of the String Casting Tech
nique is to wrap the plaster bandage on the 
below elbow amputation with the elbow 
held in full flexion. As the plaster sets a 
string or cord is held in the cubital fold to 
create a thin anterior trim line that will natu-



rally conform to the cubital shape as flexion 
occurs without impeding elbow flexion 
range of motion. 

The String Casting Technique simplifies 
the German technique but incorporates its 
cast modification principles. Advantages of 
high trim line in the below elbow amputee is 
for distribution of forces over the greatest 
surface area of the residual l imb, particularly 
during flexion activities with a very short 
amputation and during lifting procedures 
where the mid-forearm is used, and with my
oelectric prostheses where electrode place
ment is critical. 

NEGATIVE IMPRESSION 
PROCEDURE 
The String Casting Technique steps are as 
follows: 

1. Apply two layers of tube gauze over 
the below elbow residual l imb. Secure 
with tape or elastic webbing. 

2. Apply elastic plaster bandage with 
turns of plaster around the length of 
the amputation. Usually two layers are 
sufficient (Fig. 4) . 

3. Continue with circular coverings with 
the residual l imb in increasing flexion. 

4. Care is taken not to allow multiple lay
ers of plaster to accumulate in the area 
of the cubital fold. Excess plaster in 
this area will limit motion of the elbow 
flexion. 

5. Complete the plaster wrap with care
ful coverage of the residual l imb. 

6. Place a string or cord (1/8") across the 
cubital fold area (Fig. 5) , catching the 
leading edge of the plaster bandage in 
the cubital fold. Plaster should not ex
tend beyond the crease of skin in the 
cubital fold but should extend above 
the humeral epicondyles by about 1/2" 
to 3/4". 

7. The string is pulled into the crease of 
the cubital fold (Fig. 6) from a point 6" 
behind the elbow. The string must be 
pulled posteriorly and above the me
dial and lateral epicondyles of the hu
merus. The angle of the string must 
not cross these bony prominences oth
erwise impingement and unacceptable 
results will occur. If the string is held 
tightly around the circumference of 
the humerus rather than 4"-6" away, a 
constriction will occur on the cast and 
removal or reapplication will be diffi
cult. In a modification of the String 
Casting Technique developed at the 

Fig. 4 —Two layers of tube gauze are applied to the 
residual limb and elastic plaster is used to begin the 
impression. The plaster should extend to the cubital 
fold. 

Fig. 5 —A string, or cord, of 1/8" thickness is placed 
on the plaster at the leading edge of the cubital fold. 



Child Amputee Prosthetic Project at 
U.C.L.A., Baron & Moseley use a tech
nique that does constrict as a special 
requirement of the child amputee 
where no condyles are present. 

8. Fully flex the e lbow as the plaster sets. 
9. As the plaster sets, gent ly pull down

ward on the inner layer of tube gauze 
in the area of the olecranon fossa to 
create a horseshoe shape trim line in 

that area (Fig. 7) . Normally the poste
rior trim is about 1" proximal to the 
olecranon process or tip of the elbow. 
Care must be taken not to disturb the 
plaster wrap height above the humeral 
epicondyles. 

10. Reinforce the cast if necessary before 
removal. Careful removal technique is 
important so as not to distort or dis
turb the shapes that have been created. 

11. Before removal, some ranging is possi
ble to check range of motion. While no 
criteria is set as to acceptable limits of 
range of motion, it is suggested that 
variations of the casting technique be 
attempted to determine suitability for 
each individual's needs. Generally al
most full range of motion can be 
achieved. 

POSITIVE MODEL 
MODIFICATION 
The steps of model modification of the String 
Casting Technique wrap cast are essen
tially the same as for the German casting 
technique. 

1. The negative impression is filled with 
plaster in the normal manner using 
tape or plaster to build-up an excess of 
plaster above the margins of the cast 
itself. 

2. The Anterior Trim Line. The 
modification of the positive model will 
require that the anterior trim be re
duced to about 1/8" radius as the re
sidual l imb flexes in order to create the 
proper effect about the elbow. The 
small radius will naturally fold into 
the crease of the cubital fold (Fig. 8) . 

Fig. 6—The string is held together six inches behind 
the arm and pulled so that it does not impinge on the 
epicondyles. 

Fig. 7 —As the plaster sets, the elbow is fully flexed 
and the tube gauze is pulled down to form a 
horseshoe-shaped trim line 1" proximal to the 
olecranon. 

Fig. 8 — The anterior trim line is modified on the pos
itive model to leave a 1/8" radius, which will natu
rally fit into the cubital fold. 



Fig. 9 —A snug fit is insured by removing 1/8" to 
3/16" plaster from the positive model on the radial 
and ulnar aspects of the proximal trim line. 

Fig. 10 —A buildup of no more than 1/4" is added to 
the anterior surface to allow for the tissue to bulge 
when the elbow flexes. 

Fig. 11 - The posterior trim line is established during 
the casting procedure, but can be corrected or im
proved at this time. 

3. Small amounts of plaster are removed 
f r om the radial and u lnar sides of the 
prox imal marg in of the t r i m l ine. Nor 
mal ly 1/8" to 3/16" removal i n this area 
is adequate to insure a snug f i t (Fig. 9). 

4. A bu i ld -up is appl ied to the anterior 
surface of the cast just distal to the an
terior t r i m l ine. This w i l l create a cav
i ty for tissues to bulge in to w h e n the 
e lbow is flexed. The bu i ld -up should 
be no more than 1/4" and shaped as 
shown i n Fig. 10. 

5. No rma l l y the posterior t r i m l ine is es
tablished du r i ng the cast tak ing. H o w 
ever, the t r i m l ine may be adjusted at 
the t ime of modi f icat ion to create per
fect radius shapes and to raise or lower 
the t r i m (Fig. 11). 

6. For myoelectric applications, the elec
trode sites should be s l ight ly f lattened 
according to specifications established 
by the manufacturers of the compo
nents. A check socket is extremely use
f u l i n checking the range of mot ion of 
the modi f ied model . 

DONNING THE SOCKET 
The socket is t r i m m e d to f i t and pu l led on 

w i t h a pullsock or is s l ipped in to , using a 

smal l amount of sk in lubr icant. Excess ante
r ior tissue is gent ly maneuvered in to the 
cubi tal bel ly cavity of the socket. The e lbow 
should be able to f u l l y flex w i t hou t imp inge
ment on the olecranon, the epicondyles, or 
the cubi tal fo ld (Fig. 12). I n laminated sockets 
the epicondylar flares may be laminated 
us ing f lexible resin to assist the patient i n 
app ly ing the socket and to prov ide a pl iable 
and comfortable fit. 



Fig. 12 — Full elbow flexion is possible in the prosthe
sis without impingement in the cubital fold. 

Fig. 13 — Patient with dislocated total elbow prosthe
sis. An orthosis to stabilize the elbow was prescribed. 

Fig. 14 —The string casting technique used for the 
impression for an elbow orthosis. 

CONCLUSION 
The advantages of the String Casting Tech

nique are: 1) the ease in which a cast can be 
taken; 2) full range of motion and self sus
pension are provided by shapes and contours 
created in the cast and modification pro
cedures, and 3) a high trim line distributes 
forces over the entire residual l imb provid
ing excellent lifting, suspension and surface 

contact characteristics. The String Casting 
Technique has been used for below elbow 
arthroplasty orthoses. In figure 13 a patient at 
the U.C.L.A. Prosthetics-Orthotics laboratory 
exhibits gross e lbow instability due to a dis
located total elbow replacement. Utilizing 
the String Casting Technique an orthosis 
(Fig. 14) was fabricated to hold the elbow 
in position and allow full range of motion. 
Further information is being gathered on or
thotic designs and applications of the String 
Casting Technique. 

Acknowledgments 

Special thanks is extended to Mr Larry Mott, Director of Education at the 
Otto Bock Company of Minneapolis, Minnesota, Mr David Varnau, C.P. O. 
of the U.C.L.A. Prosthetic-Orthotic Laboratory and Barbara Brown for their 
assistance in the preparation of this paper. 

References 
1 Kay, Hector et al, A Fabrication Manual For The "Muenster Type" Below-

Elbow Prosthesis, New York University, April 1965 
2. Billock, J.N., "Northwestern University Supracondylar Suspension 

Technique For Below-Elbow Amputations" Orthotics and Prosthetics De
cember 1972 pp. 16-23 

3 German Casting Technique as taught at Otto Bock Myoelectric Seminar 
in Minneapolis, Minnesota 

Timothy B. Staats, M.A., C.P., Technical Director United States Manufac
turing Company. The Technique was taught at the United State Manufac
turing Company Myoelectric Seminars and is a modification of the German 
casting technique as taught by Otto Bock Orthopedic Industry, Inc. in 
Minneapolis, Minnesota 



Wheelchair Based Upper Limb 
Orthotics 
Peter H. Stern, M.D. 
George Vitarius, C.O. 
Janet Quint, O.T.R. 

Modular designed assistive devices for pa
tients with paralysis of the upper l imbs have 
shown continual improvement . Although 
the prototype production of a seven degree 
of freedom, powered arm orthosis 1 resulted 
in failure, spring load, mechanical modules 
with a variety of at tachment options are very 
effective in the management of patients with 
bilateral paralysis of arms and hands caused 
by lower motor unit dysfunction or mixed 
lesions of the spinal cord. 

The Burke Rehabilitation Center (BRC) 
upper l imb orthotic system consists of four 
modules. 

Shoulder-Arm Modules 
The shoulder-arm module consists of a 

spring loaded l inkage with its proximal ball 
bearing housing attached to a standard, ad
justable balanced forearm orthosis (BFO) 
bracket (Fig. 1). The distal ball bearing hous
ing contains a sleeve receptacle for forearm 
modules. Spring tension can be adjusted for 
arm weight to achieve the desired lift. This 
module is commercial ly available.* 

Forearm Modules 
These generally consist of standard BFO's 

with the following refinements: 
• An adjustable mechanism which allows 

for the determination of the optimal 
pivot point of the forearm swivel (Fig. 2) . 

• A multi-position e lbow dial as an im
proved method to stabilize the arm 
(Fig. 3) . 

Wrist Modules 
Wrist stabilizer splints attached to the fore

arm trough can be provided. These can be 
made for temporary use from low tempera
ture thermoplastics and from acrylic nylon 
(Nyoplex) for permanent use. 

Terminal Modules 
These range from simple to complex. At

tachments to the wrist support include a uni
versal pocket, which serves as a receptacle for 
meal t ime and grooming devices, a cup ter
minal for joy stick wheel control and a num
ber of other self-help devices. 



Fig. 1 —Four bar spring loaded linkage attached to wheelchair. 

Fig. 2 — Silver bar for the determination of optional pivot point. 

The use of t w o o r three j a w chuck pre
hension devices have been v i r tua l l y aban
doned i n favor of key g r ip orthoses w h i c h 
come either wr is t d r i ven or external ly pow
ered w i t h Bowden cable actuat ion 4 (Fig. 4) . 

PRESCRIPTION PRINCIPLES 
As i n other branches of medicine, a good 

prescr ipt ion requires a thorough diagnostic 
evaluat ion. This includes a kinesiological and 



funct ional assessment and sensory testing. 
A t the BRC this is done by an occupational 
therapist (O.T.) i n conjunct ion w i t h a phys
ical therapist (P.T.) and a nurse. The O.T. can 
" p u l l off the shel f" any or a l l of the modules 
described for an in i t ia l t r ia l . The patient w i l l 
then be brought up for a f u l l team pres
entat ion for the physic ian to finalize the 
prescr ipt ion. 

Indications 
The appl icat ion of the BRC upper l imb or

thotic system (ULOS) should be considered 
not on ly for patients w i t h bi lateral upper ex
t remi ty paralysis as a result of lower motor 
neuron disease such as Gu i l la in Barre syn
drome (GBS) and pol iomyel i t is , but also for 
m ixed lesions such as spinal cord in ju ry , 
mu l t i p le sclerosis and amyotrophic lateral 
sclerosis. Also, i n rare instances, patients suf
fer ing f r o m rheumato id ar thr i t is or p r imary 
muscle disease can benefit f r o m this system. 
M i l d to moderate spasticity is not a contrain
dicat ion though severe spasticity cannot be 
accommodated. Patients must have wheel 
chair s i t t ing tolerance w i t h the wheelchair 

back rest adjusted to at least 45 degrees. 
Ataxia and incoord inat ion can be a prob lem 
w h i c h can sometimes overcome by the app l i 
cation of a f r ic t ion device (damper) at the 
elbow sleeve. 

Specific Criteria 
Proximal muscle groups i n the shoulder 

and arms should grade at least poor for pectoralis major and poor m inus for the deltoids. 
Elbow flexors and extensors can grade zero, 
s imp ly because grav i ty can be used or the 
patient can use muscle subst i tut ion pro
v ided the various components are set w i t h 
accuracy. 

There is, of course, a great deal of var iat ion 
i n the selection of e lbow and wr is t modules 
and a " t r ia l and er ror " approach is st i l l 
needed. The same pertains to the hand 
where a good m inus strength i n wr is t exten
sion is required for the flexor h inge move
ment to actuate the BRC key-gr ip orthosis. 

Functional Benefits 
Patients w i t h f la i l arms and hands are usu

al ly even more helpless i n a wheelchair than 

Tig. 3 —Multi-position elbow dial. 



Fig. 4 —Externally powered, Bowden cable activated key-grip orthosis. 

i n bed where at least a bed-based env i ron
menta l contro l system can be useful. Fol
l o w i n g appl icat ion of ULOS, the fo l l ow ing 
activities can usual ly be carried out after 
va ry ing lengths of t ra in ing and adjustments: 

• Mob i l i t y . Joy stick control led motor ized 
wheelchair using a cup terminal . 

• Meal t ime activities. Us ing a universal 
cuff termina l patients can begin to eat by 
themselves g iven tray preparat ion. A lap 
board is to be prov ided. 

• Grooming. Aga in w i t h the help of the 
universal cuff a variety of self-help i tems 
such as shavers, toothbrushes and combs 
can be used. 

• Wr i t i ng /Commun ica t ions . A variety of 
self-help devices can be adapted for use 
w i t h a variety of te rmina l devices. 

DISCUSSION 
The Burke Rehabi l i tat ion Center devel

oped an ent i re ly external ly powered seven 
degree of freedom exoskeletal a rms/ leg / 
hand assist w h i c h fai led i n cl inical tr ials as 
d i d previous attempts by others. 5 , 6 Complex
i t y of design, component breakdown and 

h u m a n factors i n matters of control have 
made such ambit ious projects unusable. The 
described ULOS has f o u n d widespread ac
ceptance by patients and staff al ike at th is 
ins t i tu t ion. However , there is a need for com
puls ive at tent ion to details concerning the 
evaluat ion, appl icat ion and " f i ne t u n i n g " of 
al l of the components. This alone is a labor 
intensive process. 

Wh i le us ing ULOS, fu r ther ref inements 
and addit ions are evo lv ing. Wh i le these w i l l 
be the subject of discussion at a later t ime, we 
believe that ULOS n o w is mature enough to 
be ut i l ized by other rehabi l i tat ion ins t i tu 
t ions w h o serve patients i n the disease cate
gories ment ioned. A t the t ime of this w r i t i n g , 
we have fabricated four dozen of these de
vices w h i c h are most ly used in-house but at 
t imes are also g iven to the patient at the t ime 
of discharge. We observed an addi t ional ben
efit for patients w h o suffer f r om constrict ive 
capsulit is or just general jo in t stiffness i n the 
shoulder joints as a result of prolonged i m 
mob i l i t y i n bed and under cervical t ract ion. 
The ULOS system al lows self-ranging to sup
plement physical therapeutic activities. The 
pa in fu l discomfort of stiff joints is markedly 
reduced over t ime. 



SUMMARY AND 
CONCLUSIONS 

A relatively simple, mechanical upper 
l imb orthotic system (ULOS) is described 
which consists of four different modules sup
porting and assisting proximal and distal 
residual muscle power in patients with es
sentially flail arms and hands. The system is 
labor intensive in its initial application but 
should be cost effective particularly when 
commercial ly produced for widespread ap
plications in patients w h o suffer from spinal 
cord injury, Guillain Barre syndrome, post 
polio paralysis, multiple sclerosis, amyo
trophic lateral sclerosis or primary muscle 
diseases. 
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A Lightweight Laminated 
Below the Knee Prosthesis 
Jon P. Leimkuehler, C.P.O. 

INTRODUCTION 
Lightweight prosthetic designs become 

more important each year as people are sur
viving vascular disease and living longer 
lives. However , these people often are de
bilitated and lack the strength to handle a 
conventional prosthesis. 

Previous work on "ultralight" below knee 
prostheses by Moss Rehabilitation Hospital 
and Rancho Los Amigos Hospital involved 
the use of thermoforming and other uncon
ventional prosthetic materials and techniques. 
An "ultralight" below knee prosthesis came 
to be known as a design allowing the total 
prosthesis to weigh less than two and one 
half pounds. These designs did not gain wide 
use because of difficulty in fabrication and 
doubts regarding the durability and strength 
of the prosthesis. However , these designs did 
encourage prosthetists to become more con
scious of the weight of prostheses, and to 
develop l ightweight prostheses using more 
conventional materials and techniques. 

Presented here is a design using wood and 
a laminated PTB prosthesis with a Pelite in
sert that weighs about 2 1/8 pounds and has 
normal S A C H foot function (Fig. 1). This de

sign utilizes balsa wood and an external keel 
S A C H foot. 

FABRICATION 
Fabricate a Pelite insert in the normal fash

ion. The socket lamination should be kept as 
thin as possible. Set the socket in a balsa 
wood block with polyurethane foam (Fig. 2). 

Moisture in the moist wood attacks the 
foam and prevents it from proper curing. 
Whenever foam comes in contact with nor
mal bass wood, it gets gummy; however , 
wi th balsa wood this is not a problem. 

Bond a one inch thick piece of regular bass 
wood to the balsa wood block with resin for 
a stronger at tachment of the al ignment fix
ture. This wood plate will be removed when 
transferring the al ignment. Attach the socket 
to an al ignment fixture. A Symes foot* is 
used on the prosthesis. The foot is not 
bolted onto the shank. Instead, the external 
wood keel is glued and laminated into the 
prosthesis, el iminating the weight of the bolt 
and adapters. 

The top of the foot is cut and sanded flat 
until the top is horizontal and level with the 
shoe on (Fig. 3) . 



Fig. 1 —Completed lightweight PTB prosthesis. The 
prosthesis weighs 2 1/8 pounds when a balsa wood 
structure is used. 

Fig. 2 — The socket is set into a balsa wood block with 
polyurethane foam. The balsa does not have to be 
sealed with resin as polyurethane foam has excellent 
bonding properties with balsa wood. 



Fig. 3 - The Symes SACH foot (Otto Bock). Rear: Foot before it is 
leveled. Front: The top of the foot is leveled, allowing for the 
proper heel height. 

Fig. 4 - Static alignment. An end seal is bonded to the 
balsa for attachment of the alignment fixture. 

Fig. 5 — Following dynamic alignment, the alignment 
fixture is transferred for balsa wood. 



Fig. 6 —Final lamination. A layup of three layers of 
nylon stockinette is used. 

Fig. 7 — The lamination is beveled at the edges of the 
keel and leather is used to finish the foot. 

The foot should be modified to provide 
better function. It was originally designed to 
be used for a Symes prosthesis and has a 
very small heel cushion. A larger, thicker 
and longer cushion should be installed. Heel 
wedges are commercial ly available that 
are the proper size needed for good heel 
compression. 

A SACH foot plug is screwed securely to 
the foot and the al ignment fixture is attached 
(Fig. 4). Dynamically align the prosthesis in 
the usual manner . Transfer the prosthesis in 
a vertical transfer device. After the align
ment fixture is removed, a balsa wood block 
is glued to the top of the foot to make the 
ankle block. Then this is attached to the 
socket. Plastic resin should be used to glue 
the pieces together. Shaping is done in the 
normal fashion (Fig. 5). 

Three thin nylon stockinettes are used to 
finish laminating the prosthesis. The lami
nation extends over the instep and malleoli 
covering all exposed wood (Fig. 6). 

To finish the foot, the lamination is bev
eled by sanding around the edge of the sole, 
toe and heel wedge, and a leather cover and 
sole are used to cover the foot (Fig. 7) . 

DISCUSSION 
This prosthesis is l ightweight, cosmetic 

and uses conventional prosthetic fabrication 
techniques. 

By carefully choosing the appropriate pa
tient, you can make a very light, durable 
prosthesis. Balsa wood is recommended to be 
used for less active and lighter patients. 

For the more active person, using standard 
bass wood with a Symes foot and a thicker, 
stronger lamination can result in a light, 
strong, cosmetic prosthesis. This usually will 
weigh about 2 3/4 pounds including a Pelite 
insert. When regular bass wood is used, the 
prosthesis should be hollowed out to a thick
ness appropriate for the weight of the pa
tient, usually about 1/4" to 3 / 8 " thick. 

Proper application of this technique will 
result in a weight reduction of 50-100 per
cent on many patients. Decreased prosthesis 
weight will ease suspension problems, and 
has the obvious potential of decreased en
ergy expenditure during ambulation. 

*Otto Bock 1P5 symes foot 

Jon P. Leimkuehler, C.P.O. is of Leimkuehler, MC , Cleveland, Ohio 



An Extension Orthosis for the 
Management of Elbow Flexion 
Contractures 
Kenneth P. Kozole, B.S.M.E., M.O.T., O.T.R. 
Audrey M. Yasukawa, M.O.T., O.T.R. 

INTRODUCTION 
Individuals with flexion contractures of 

the elbow secondary to head injury or spinal 
cord injury often have serious impairment 
of function in the upper l imbs. In order to 
retrieve some measure of function, manage
ment of e lbow contractures must be individ
ually applied throughout the rehabilitation 
program. If there is persistent spasticity, a 
program of serial plaster casting, passive/ 
active range of motion, and positioning must 
be initiated and maintained to keep the ex
tremit ies free of con t rac tu res and to he lp the 
individual achieve appropriate balance in 
motor power. 

T h e clinical picture usually seen in com
atose head-injured individuals is a decor
ticate position with flexion contractures of the 
elbow. Whi le the individuals are still com
atose, e lbow contractures can be corrected 
or prevented by serial plaster casting, thus 
facilitating max imum use of the upper ex
tremities w h e n function returns. Head-
injured individuals treated one year or more 
post injury may also be managed with serial 
plaster casting. 

Pierce and Nickel 1 in discussing spinal 
cord injuries (SCI) state that "flexor patterns 

are more common than extensor patterns, 
appear earlier following an injury, and usu
ally become increasingly stronger during the 
first six to n ine months . " Without proper 
preventive measures, e lbow contractures 
may be severe for persons with spinal cord 
injury. 

For persons with ei ther spinal cord injury 
or head injury, the loss of e lbow extension 
m a y severely limit functional activities of 
daily living. W h e n appropriate, serial plaster 
casting has been applied to these individuals 
to correct the contractures, thus facilitating 
maximal functional use of the upper ex
tremities. Perry 2 states, "restoration of full 
e lbow extension is a strong challenge, as the 
flexor muscle mass is large, closely wrapped 
about the joint, and well endowed with 
fibrous tissue. For these reasons an intensive 
short term program with serial plaster-of-
Paris casts is often preferred to regain range 
of motion." 

SERIAL CASTING 
TECHNIQUE 

W h e n a program of serial plaster casting is 
initiated, the plaster cast is changed at least 



Fig. 1 — Elbow Extension Orthosis, medial view. 

weekly, and the degree of increase in passive 
range of motion noted. For some individuals, 
this casting will only maintain their current 
range of motion, and no changes are noticed 
after application of new casts. Where spas
ticity is persistent, the results of casting may 
not be beneficial in increasing range of mo
tion. Furthermore, in some cases, increased 
range of motion gained following a serial 
plaster casting program may not be 
maintained. 

For follow-up management , rigid circular 
plaster casts can be bivalved to form an ante
rior and posterior shell to prevent the loss 
of passive range of motion gained from 
serial plaster casting and to prevent further 
contracture. 

In our two years experience of using the 
plaster bivalve orthosis we found it to have 
the following disadvantages: 

• difficulty in proper fitting, 
• problems with pressure areas, 
• softening when wet, 
• cracking when used for extended 

periods, 
• difficulty in building wearing tolerance 

thus causing difficulty in maintenance of 
passive range of motion, 

• body odor retention, and 
• weight of the plaster orthosis. 

Hoffer et a l 3 described the use of plaster 
casts for head-injured children and reported 
that the more spastic and profoundly af
fected children had the greatest deformities. 
Additionally, they emphasized that plaster 
bivalve casts were not well tolerated by de
formed spastic l imbs before correction was 
obtained. 

DESCRIPTION 
A n elbow extension orthosis has been de

veloped as a supplement when desired ex
tension cannot be achieved through serial 
plaster casting alone and also serves as a 
maintenance orthosis to preserve gains made 
by casting (Fig. 1 and Fig. 2). The orthosis 
was designed and developed by Northwes
tern Universi ty Rehabilitation Engineering 
Program and the Occupational Therapy De
partment of the Rehabilitation Institute of 
Chicago. T h e e lbow extension orthosis is cus
tom fabricated and fit to each subject's in
volved l imb. Within a two year period this 
elbow extension orthosis has been used suc
cessfully with six subjects with a diagnosis of 
traumatic head-injury and one subject with a 
diagnosis of C5 quadriplegia. Each person 
made initial gains from serial plaster casting, 



noted by an increase in passive range of mo
tion. After a t ime, their range of motion plateaued using serial plaster casting. The 
method and materials used to fabricate the 
e lbow extension orthosis are found to be 
beneficial to the wearer. Adjustments can 
easily be made to the "Plastazote" (poly
ethylene foam) liner of the orthosis to pre
vent pressure problems and discomfort. The 
initial cost of materials and labor necessary 
for providing an elbow extension orthosis is 
greater than that of a plaster bivalved ortho
sis, however, initial cost of the e lbow exten
sion orthosis would be offest by the expense 
to refabricate several plaster bivalve orthoses. 

T h e major advantages of this new elbow 
extension orthosis include the following: 

• fabrication and fitting by the occupa
tional therapists or orthotist within the 
treatment setting, 

• maintenance of passive range of motion, 
• ease in proper fitting, 

• total weight is reduced by approximately 
one half when compared to a plaster bivalved cast of the same size, 

• sufficient padding to prevent skin 
breakdown, 

• ease of adjustability to accommodate arm 
volume changes, 

• adjustability by the occupational ther
apist permitting change in the degree of 
e lbow extension, 

• durability when worn for extended 
periods, 

• easy removabili ty, allowing the individ
ual to participate in a program of exer
cise with passive/active range of motion 
and to wear the orthosis as a night splint 
and, 

• easy care of the orthosis. 

The disadvantages of the Elbow Extension 
Orthosis include: 

• d i f f icul ty in fitting elbow flexion con
tractures of eighty degrees or more, 

Fig. 2 —Posterior view. 



Fig. 3—Measuring diagram. Circumferences: A) Wrist, B) Elbow, C) Arm. Lengths: D) Ulnar Styloid to Olecra
non, E) Olecranon to Axilla. 

• difficulty in fitting Plastazote liner on 
l imbs having severe wrist and hand 
contractures, 

• some users reported their arm felt 
noticeably warm when wearing the 
orthosis. 

The elbow extension orthosis is easily don
ned or doffed. This is a major advantage to 
the user and the people involved in the man
agement of their elbow flexion contractures 
as wearing tolerance must be monitored to 
prevent skin breakdown and high localized 
pressure areas. The instructions for donning 
the elbow extension orthosis are: 

• apply stockinette over length of arm, 
• don Plastazote liner and fasten Velcro 

closures, and 
• place Orthoplast shell over Plastazote 

liner and fasten Velcro closures. 

The user is given an extra stockinette so 
that one may be laundered whi le the other is 
worn. The Plastazote liner may also be 
washed using mild soap and warm water 
and it will still maintain its shape (caution: 
hot water may deform the Plastazote liner). 

FABRICATION 

Tools 
• oven 
• bandage scissors 
• tape measure 
• contouring iron 
• contouring fixture 
• leather punch—25 

mill imeter wide 
wide slot and 
punch pad 

• electric frying pan 
or hydrocollator 

• two blocks clean 
wood or formica 
covered pressboard 
(25mm thick X 
50 m m wide X 
20 m m long) 

• drill 
• 1/8" bit 
• hack saw 
• hammer 
• rivet 
• anvil 

Materials 
• 12.7 m m perforated 

Plastazote sheet 
• Permabond adhesive 
• cotton stockinette 
• elastic bandage 
• Velcro—25 m m wide 
• Velcro—50 m m wide 
• a luminum bar 

4.8 m m thick X 
25.4 m m wide 
(type 2 0 2 4 - T 4 alloy) 

• perforated Orthoplast 
sheet 

• medium length 
speedy rivets 

• talc powder 



Fig. 4 —Measurement layout for Plastazote liner. 

Fig. 5 —Form Plastazote tube. 

Plastazote Liner 
The first component of the Elbow Exten

sion Orthosis (EEO) fabricated is the Plasta
zote liner. The liner is form-fitted directly to 
the wearer—no plaster impression is 
required. 

1. Make the following measurements 
and add length as noted to compensate 
for Plastazote thickness. (Fig. 3). 

• Measure circumference at the styloid 
processes. Add 40 mill imeters to this 
dimension. 

• Measure circumference at the epi
condyles. Add 40 m m to this 
dimension. 

• Measure the largest circumference 
over biceps. Add 40 m m to this 
dimension. 

• Measure the distance between the 
ulnar styloid and medial epicondyle. 

• Measure the distance between the me
dial epicondyle and axilla. 

2. Layout the measurements on a 
12.7 m m thick piece of perforated 
Plastazote as shown (Fig. 4) . 



3. Cut out the Plastazote liner using 
sharp scissors or knife. 

4. Form a tube by applying "Permabond" 
or similar adhesive to the edges of the 
Plastazote that follow the axis of the 
arm (Fig. 5). This tube is to be warmed 
and slipped over the wearer 's arm. 

5. Cover the arm wi th two layers of cot
ton stockinette. The stockinette is left 
to extend 600 m m from the end of the 
hand to act as a guide in sliding the 
Plastazote tube over the arm. The cot
ton stockinette also helps protect the 
arm from hot spots in the liner and 
compensates for shrinkage of the Plas
tazote as it cools. (Fig. 6). 

6. Insert a layer of cotton stockinette into 
the Plastazote tube and pull it back 
over the liner to form a cuff at each 
end. This layer of stockinette will 
serve as a pulling point when the liner 
is slipped over the arm. The liner is 
placed in an 200° F oven until it is 
softened. 

7. Remove the liner from the oven and 
slip the extended end of the stock
inette through the tube. A "Handireacher" or tongs may help in thread
ing the stockinette through the tube 
(Fig. 7 ) . Fig. 6 — Prepare arm with two layers of cotton stock

inette to protect it from the heat of the Plastazote. 

Fig. 7 - Direct stockinette through liner tube of Plastazote which has been heated in a 200 degree oven. 



Fig. 8 —Liner in position on arm. Set elbow to maximum extension at this point and wrap it with an elastic 
bandage. 

Fig. 9 —Cut liner opening on medial side to ease 
donning. 

8. Pull the Plastazote tube on the arm by 
standing behind the patient. An assis
tant stands in front of the person and 
holds the l imb while pushing the liner 
on the arm (Fig. 8 ) . 

9. Pull the Plastazote liner to the axilla, 
then immediately wrap it circumferentially with an elastic bandage. Hold 
the arm at the desired angle of extension 
while the liner cools. 

10. Remove the elastic bandage when the 
l iner is cool and use bandage scissors 
to cut the liner along the longitudinal 
axis on the medial aspect of the ex
tremity. An opening on the medial 
side eases donning (Fig. 9 ) . 

11. Smooth the distal and proximal inside 
edges of the liner using a belt sander to 
form a skived edge. Do not skive the 
longitudinal seam. 

12. Bond three Velcro pile strips, 25 m m 
wide, with hook Velcro ends (50 m m 
long) sewn on, circumferentially to the 
Plastazote liner at the proximal and 



Fig. 10 —Attach Velcro closures after the distal and proximal edges have been skived on a sander. 

Fig. 11 — Determine dorsal bar angle and contour a relief for the olecranon. 

distal ends, and over the e lbow area 
(Fig. 10). The Plastazote l iner is n o w 
complete. M i n o r adjustments may be 
made w i t h a heat g u n , for re l iev ing 
pressure areas. 

The Dorsal Bar 

1. Use the Plastazote l iner as a guide to 
determine the correct angle of the dor
sal bar (Fig. 11). 



Fig. 12 —Components of Orthoplast cuffs. 

2. Contour an a luminum bar (type 
2 0 2 4 - T 4 alloy) 4.8 m m thick X 25.4 
m m wide X 381 m m long to form an 
angle for the desired amount of elbow 
extension. The bar is contoured over 
the olecranon to form a loop, or pres
sure relief. W h e n the bar is placed on 
the liner, it should not touch the ole
cranon area. A dorsal bar was chosen 
because experience shows that it pro
tects the wearer 's elbow when in this 
position. Fabrication and adjustments 
of the dorsal bar are made with a con
touring iron and a contouring fixture. 
The length of dorsal bar should not 
extend past the edges of the liner. 

Orthoplast Humeral and 
Forearm Cuffs 

1. The following materials are required 
(Fig. 12): 
• 4 pieces Velcro hook and pile, 50 m m 

wide X 114 m m long. 
• 2 pieces perforated Orthoplast sheet, 

114 m m wide; length to be 
determined. 

• 4 pieces, medium length "Speed 
Rivets ." 

2. Use circumferential measurements 
taken over the l iner to size the hu
meral and forearm cuffs. Measure the 
largest circumference on the liner over 
the respective areas and add 64 m m to 
each circumference to allow enough 
Orthoplast for the overlapping Velcro 
closure flap. 

3. Determine the position of the dorsal 
bar at tachment slots on the humeral 
Orthoplast cuff. Draw a line 76 m m 
from an end of the Orthoplast strip 
(Fig. 13). Measure 20 m m from each 
edge on the l ine just drawn, this is 
where the slots will be punched for 
positioning the dorsal bar on the hu
meral cuff. Repeat step 3 for attach
ment slots on the forearm cuff. 

4. Punch slots into the Orthoplast cuffs 
for the dorsal bar attachment. The Or
thoplast is heated until it is soft 
enough to be punched with a 25 m m 
wide slot; leather-punch over the 
marks drawn in step 3 for the slots. 
The Orthoplast can be heated in hot 



Fig. 13 —Measurements for slots for the dorsal bar attachment. 

Fig. 14-Fit dorsal bar to cuffs by slipping it through the slots, which have been heated, and pressing down on 
both sides. 



water using an electric frying pan, hydrocollator, or spot heat using a heat 
gun. 

5. Fit the dorsal bar to the cuffs. Heat 
the Orthoplast using hot water in a 
hydrocollator or large frying pan until 
softened. The dorsal bar is slipped 
through the cuff slots as shown 
(Fig. 14) and placed on a counter top 
dusted with talc powder to reduce 
sticking. Two pieces of clean wood 
pressboard (Formica covered press-
board from a countertop cut-out was 
used) are placed adjacent to the bar 
and pressed down to form an impres
sion of the bar into the Orthoplast. 
This impression will provide a smooth 
surface on the Plastazote liner where 
the cuffs are attached. Repeat this pro
cess for the forearm cuff. Make sure the 
dorsal bar is slipped into the slots with the 
closure edge on the lateral side of the bar. 
Dust the cuffs with talc powder for the 
next step. 

Form the humeral and forearm Ortho
plast cuffs to the Plastazote liner. 
Whi le the Orthoplast is still softened 
from the above step, place the dorsal 
bar with attached humeral and fore
arm cuffs in position on the liner. (An 
assistant may be needed for this step). 
Whi le holding the softened forearm 
cuff in position, firmly wrap an elastic 
bandage circumferentially around the 
cuff (Fig. 15). Continue to wrap the 
elastic bandage until both cuffs are 
covered. The Orthoplast may need to 
be reheated and rewrapped to im
prove the fit. A heat gun may be used 
for minor adjustments to the cuffs, 
such as t r imming the closure ends. 
Caution should be taken not to apply 
excessively hot Orthoplast cuffs to the 
Plastazote liner for long durations be
cause changes in the liner fit may 
occur. This problem may be prevented 
by immersing the entire orthosis into a 
sink of cool water. 

Fig. 15 —Wrap Orthoplast cuffs over liner and hold in place with an elastic bandage until it cools. 



Fig. 16-Rivet the dorsal bar to the Orthoplast cuffs and attach the Velcro closures. 

Fig. 17 —Trace position of cuffs onto liner. 



Fig. 18 —Completed components of elbow extension 
orthosis. 

7. Rivet the dorsal bar to the Orthoplast 
cuffs. A 4 m m diameter hole is drilled 
into the Orthoplast cuff directly over 
the midpoint where the dorsal bar is 
positioned underneath. A medium 
size "Speedy Rive t" is used to fasten 
the bar to each cuff. 

8. Attach Velcro closures to the Ortho
plast humeral and forearm cuffs. The 
Orthoplast should overlap itself by 
50 m m for placement of the Velcro. 
Velcro 50 m m wide is attached to the 
cuff closure with Permabond or simi
lar adhesive. It is recommended that 
the Velcro hook be positioned on the 
flap portion of the Orthoplast closure 
because i f the closure does not overlap 
precisely the hook will face upward 
and may snag clothes and bedding 
(Fig. 16). 

9. Reference lines are traced on the Plas
tazote liner around the Orthoplast 
cuffs and dorsal bar to aid in proper 
donning (Fig. 17). 

10. The completed orthosis includes: cot
ton stockinette, Plastazote liner, and 
Orthoplast cuffs with dorsal bar 
(Fig. 18). 

SUMMARY 
The elbow extension orthosis is designed 

to supplement serial plaster casting. The oc
cupational therapist can monitor the effects 
of casting throughout the individual's reha
bilitation. With the seven subjects involved 
in this program, the e lbow extension orthosis 
was applied when passive range of motion of 
the e lbow had reached a plateau, and no fur
ther correction could be obtained from cast
ing. Based on the clinical course and results 
of serial plaster casting, the occupational 
therapist could then appropriately t ime the 
application of the e lbow extension orthosis. 
The elbow extension orthosis had been ef
fective in maintaining range of motion, and 
with the decrease of spasticity a s imple ad
justment of the metal bar could be made to 
increase elbow extension. The subjects re
ported the elbow extension orthosis offered 
improved durability and more consistent fit 
compared to the plaster bivalved orthosis. 
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The Lerman Multi Ligamentus 
Knee Control Orthosis 
Max Lerman, C.O. 
Jack Schwartz, C.O. 
Max Schwartz, C.O. 

Developing an effective Ligamentus Knee 
control orthosis has been the goal of the or
thotic profession for decades. Numerous 
innovative knee control orthoses are in com
mon use today, all of which have their mer
its. The development of the Lerman multi 
l igamentus knee control orthosis was based 
on some of these existing designs with a few 
innovations. The Lerman orthosis was devel
oped to overcome some of the drawbacks of 
previous knee orthoses, which include: 

• Lack of total knee control. 
• Difficulty of donning and doffing. 
• Discomfort and pressure over the tibial 

crest. 
• Complexity of fabrication. 
• Distal migration. 
• The need for very precise measuring 

techniques. 
• T h e difficulty of changing contours of 

the uprights without disturbing the 
al ignment of the knee joints. 

T h e Lerman multi l igamentus knee ortho
sis took seven years to develop, and was 
modified and tested on over 250 patients. The 
results from the present design are excellent; 
n o rejections and an insignificant number of 
adjustments or modifications have been seen. 

The orthosis is designed to provide the fol
lowing functions: 

Medio-Lateral Stability 
Medio-lateral stability is achieved by plas

tic posterior femoral and tibial bands which 
are attached to medial and lateral uprights 
with knee joints. These are long enough to 
provide adequate leverage. In addition, the 
unique floating medial and lateral condyle 
pads provide total contact through the com
plete range of motion to stabilize the knee. 
(Fig. 1) 

Anterior-Posterior Stability 
The anterior and posterior motion of the 

tibia in relationship to the femur is con
trolled by the floating condyle pads, by 
virtue of their universal hinging system at
tachment combined with total contact at the 
femoral and tibial condyles. (Fig. 2) . 

Derotation and 
Rotational Control 

Derotational control is established by the 
encircling total contact gum rubber straps. 



Fig. I Fig. 2 

Fig. 3 Fig. 4 



These straps originate at the center-inside as
pect of both the femoral and t ib ia l bands 
(Fig. 3 ) . The direct ion of the pu l l is opposite 
to one another, resul t ing i n a torqu ing effect 
designed to derotate the knee joint . The d i 
rect ion of these straps may be changed as 
determined by the nature of the treatment 
(Fig. 4). For example, to protect the anterior 
cruciate l igament, external rotat ion of the 
t ib ia should be restricted; the direct ion of 
the t ib ia l strap p u l l w o u l d be lateral to me
d ia l , and the pu l l of the femoral strap is i n 
the opposite di rect ion. The opposite strap 
arrangement is prov ided w h e n in ternal rota
t i on of the t ibia is to be control led. To dero
tate i n both directions an extra derotat ion 
strap may be added, however the extra strap 
is not needed i f both the femoral and t ib ial 
strap go i n the same direct ion; the direct ion 
of the strap p u l l is determined by the com
fort of the patient i n this case. 

Patellar Tracking and 
Distal Migration 

Patellar t racking is prov ided by the 
float ing condyle pads. These pads contro l the 

lateral and media l displacement of the pa
tella th rough the fu l l range of mot ion . The 
prox imal and distal elastic patella straps pre
vent the distal migrat ion of the orthosis and 
secure the condyle pads to the knee (Fig. 5) . 

Post-op Use 
For post-operative l igament repair th is or

thosis comes w i t h a standard polycentr ic 
h inge. W h e n l im i ted mot ion is desired 
(Fig. 6) the Lerman dia l control knee h inge is 
used. This dial h inge provides extension and 
f lexion control i n any range (Fig. 1). 

Measuring Techniques 
A standard casting procedure is required 

for this custom made orthosis mak ing sure 
that al l landmarks are delineated and the 
center of the knee axis is established. A po ly
centric knee h inge is used because i t comes 
closest to s imulat ing the mot ion of the knee 
and provides more strength and torque sta
b i l i t y than plastic hinges. The hinges also 
serve as an anchor for the f loat ing condyle 

Fig. 5 Fig. 6 



pad system (Fig. 3) . T h e femoral and tibial 
bands are constructed out of polypropylene 
which affords some flexibility, thus slight 
malal ignment of the knee h inge can be toler
ated. Further adjustments to the uprights to 
provide better fit can be made with less trou
ble than a knee orthosis with metal con
necting bands. T h e bands are purposely 
placed posterior to prevent pressure on the 
tibia. The floating condyle pads are made of 

high density polyethylene, which is mal
leable. The strapping material is standard 
gum rubber with Velcro and elastic ortho
pedic webbing. All parts which are in contact 
wi th the skin are padded with a closed cell 
vinyl foam. Th i s or thos is is commerc ia l ly 
available, but can also be custom fabricated.* 

• Available from the U S. Manufacturing Company, Pasadena, California 

Max Lerman, C.O., Jack Schwartz, C.O., and Max Schwartz, C.O. are of 
Lerman and Son, Inc., Beverly Hills, California. 



Application of the Varus T-Strap 
Principle to the 
Polypropylene Ankle Foot Orthosis 
Robert S. Lin, C.O. 

INTRODUCTION 
The ankle mortise with the severe yet 

flexible varus or valgus deformity presents a 
challenging case for orthotic management . 
The trend towards the use of thermoplastics 
in lower extremity orthotics can enhance this 
problem through the elimination of the 
varus or valgus correction strap (T strap). 
W h e n a patient presents a dynamic ankle 
that has a profound tendency towards the 
varus or valgus attitude upon weight bear
ing, pressure on either malleolus is inevi
table. For many patients, padding and 
relieving the medial or lateral aspect of the 
orthosis is sufficient in preventing pressure 
related problems. It is the active, well ambu
lating patient with the strong lateral 
displacement at the subtalar joint that often 
exhibits chronic pain at the malleolar site. A 
patient in this category was the motivation 
for the development of the concept of the 
internal varus correction door. 

CASE REVIEW 
E. G. is a 37 year old male with Friedrick's 

Ataxia and Charcot-Marie-Tooth disease. 
Numerous surgical procedures were per
formed bilaterally and the patient was 
presented to the orthotics department for 
post-operative provision of bilateral Ankle 
Foot Orthoses (AFO's) . The patient 's right leg 
was more severely involved than the left, 
exhibit ing a more unstable and dynamic 
malalignment. This resulted in severe pres
sure on the lateral malleolus upon weight 
bearing. The first orthosis provided had been 
relieved and padded at and around the pres
sure area with only short term alleviation of 
pain. T h e critical factor was maintaining cor
rect al ignment at the ankle without causing 
breakdown or pain at the lateral malleolus. 
T h e patient refused the option of the con
ventional double upright metal A F O with 
varus correction strap due to the advantages 
that thermoplastics offered (i.e. shoe inter-



Fig. 1 —Posterior view of the Varus control pad. A 
slot is made in the posterior section of the orthosis to 
allow a strap attached to the Varus control pad to exit. 

changeabili ty, cosmesis, l ightweight, etc.). 
Eventually a new right A F O was fabricated 
incorporating the internal varus correc
tion door and conventional thermoplastic 
principles. 

FABRICATION 
Positive Model Modifications 

The mold is taken high and incorporates a 
medial tibial flare. Care must be taken to ac
curately mark all bony prominences, es
pecially the malleolus and the slope of the 
medial tibial flare. The positive model is then 
modified similar to those specifications for 
the N Y U equinovarus solid ankle orthosis. 
One-eighth of an inch of plaster is removed 
from the positive model at the following 
areas: the medial/ t ibial flare, distal third of 
the shaft of the fibula, medial aspect of the os 
calcis distal to the medial malleolus. The 
amount of plaster removed can vary depend
ing upon the presence or absence of subcuta
neous fat at those above mentioned sites. 

Varus Control Pad 
Once all the plaster work is completed, a 

small padded, 3/16" polyethylene square is 
heated and conformed to the cast beginning 
two centimeters proximal to the proximal 
border of the malleolus and extending ap
proximately 1/4 of the way up the shaft of the 
fibula. The size and shape of the square 
determines the surface area with which the 
corrective force is applied. This can, very 
effectively, reduce the chance of skin break
down. Padding of the square further de
creases the pressure. The principal corrective 
force is directed to the distal third of the 
fibular shaft and is adjustable by way of two 
Velcro straps. The padded door is then tem
porarily glued to the positive model and the 
mold is prepared for vacuum molding the 
polypropylene AFO. After molding, the door 
is separated and hinged via a strap exiting 
through a small slot cut in the posterior as
pect of the orthosis (see Fig. 1). A Velcro strap 
is attached to the anterior aspect of the door 
and padded to prevent strap pressure on the 
tibial crest. 

Proximal trimlines extend over the medial 
tibial flare, thus providing the proximal-most 
force of the 3 point force system. The hinged 
door provides an adjustable second force 
with the medial aspect of the calcaneous act
ing as the third vector (Fig. 2). A single diag
onal strap adequately stabilizes the orthosis 
on the leg with assistance from the shoe. 



Two variations have been used with other 
patients with a similar clinical picture. In one 
case a 1/8" polypropylene door was used in 
place of the 3/16" one. This decision was based 
on the relative weight of the patient and the 
level of activity anticipated. 

In the other case a thinner padding, (1/8" 
instead of 1/4" Plastazote) was used at the site 
of the lateral malleolus with subsequent suc
cess. Such options are available to the orthotist depending on the characteristics that 
each individual case presents. 

Fig. 2 —The three point pressure system controls 
Varus forces. A high medial flair at the proximal trim 
line increases the level arm and decreases skin pres
sure. The Varus pad in the center acts as the fulcrum. 
The distal medial orthosis and the shoe provide the 
third force. 

Fig. 3 —The strap extending from the Varus control 
pad is padded where it crosses the tibia. 



Fig. 4 —The orthosis is worn with normal bluchor 
style shoes. 

SUMMARY 
Application of the internal varus correc

tion door in this case study has proven suc
cessful to date. The underlying principles are 
precedented and widely applied in the con
ventional T-strap arrangement used with 
double upright AFO's . This new concept al
lows stable al ignment of the ankle mortise 
with the aforementioned advantages of ther
moplastic bracing and the virtual elimina
tion of undue malleolar pressure. 

Robert S Lin, C.O. is of Newington's Children's Hospital, Newington, 
Connecticut. 



HYBRID CARBON COMPOSITE 
• I N S E R T S ' S H E E T S 

For inserts in vacuum formed plastic shells where rigidity and strength are needed. 
The recent introduction of exotic fibres for the 
production of thin, light weight and high strength 
laminated forms suggested the development of 
a moldable sheet material from which special 
designed inserts could be used in reinforcing 
plastic orthotic items. Now orthotists and pros-
thetists have a cost and labor effective alternate 
to the tedious task of hand making metal rein

forcements. 
Two thicknesses of com
posite sheet material are 
available for special cut
outs when the standard 
inserts are not suitable. 

Carbon inserts, precut in four 
sizes, provide a convenience for 
the fabrication of rigid ankle 
AFO's. Only two steps are required 
for incorporation into a thermo-
forming process. First, heat the 
insert for several minutes until it 
is pliable, then using insulated 
gloves form it to the cast. Second 
attach the inserts to the cast with 
the adhesive mounts provided. 

AFO with Composite Inserts 

When the inserts are located 
on the lateral mid-line and 
are well encapsulated in the 
plastic wall the AFO will 
have maximum rigidity and 
thus prevent undesirable 
motion in the ankle. 

6188 - CARBON COMPOSITE SHEET 
12 X 12, 2 PLY 

6190 - CARBON COMPOSITE SHEET 
12 X 24, 2 PLY 

6189 - CARBON COMPOSITE SHEET 
12 X 12, 3 PLY 

6191 - CARBON COMPOSITE SHEET 
12 X 24, 3 PLY 

c J u R P - F i u a u E R mEDical , inc. 
ORTHOPEDIC DIVISION 

P O BOX 167S • CHATTANOOGA. TENNESSEE 37401 
1 800-251-6398 (IN TN 1-8OO-572-7650 oi 615-624-0946) 



New Publications 

Orthopedic Shoe Technology for the Orthopedic 
Shoe Technician 
Clyde A. Edwards, Precision Printing Co., Muncie, Indiana 47305, 
246 pages. 1981. 
Available from: National Registry for Orthopedic 

Shoe Technology, P.O. Box 870, 
Muncie, Indiana. $62.50. 

This book is intended to be used as a text 
by orthopedic shoe technicians in the course 
of meeting the needs of patients with foot 
problems. As such, it covers evaluation of the 
patient 's shoes and feet as well as techniques 
for the modification of shoes and the fabri
cation of foot orthoses and shoes. This last 
point is of particular interest as there is very 
little in the way of published information 
describing the fabrication of shoes. 

Whi le there are a number of editorial over
sights of a minor nature, the book in general 
is well thought out and the material is well 
presented and illustrated with clear line 
drawings. It should be pointed out that the 

philosophy espoused is essentially that of 
pedorthotics and podiatry; some trained in 
the slightly different philosophy of ortho
pedics may have reservations. It also should 
be borne in mind that the book presupposes 
the availability of shoe working equipment 
and the knowledge of how to use it; such 
knowledge and equipment is no where near 
as common in the world of orthotics as it 
migh t be . N o n e t h e l e s s , this b o o k should 
prove to b e an in teres t ing and useful addi
t ion to the profess ional l ibrary of those con
ce rned with the t r ea tment of foot p rob lems . 

Charles H. Pritham, C.P.O. 

Moire Fringe Topography And Spinal Deformity, 
edited by M. S. Moreland et. al. Pergamon Press, 
Inc. Maxwell House, Fairview Park. Elmsford, 
New York, 10523, 1981, 305 pages, index. $45.00. 

Moire Fringe Topography is a technique 
that can be used to reveal the contour 
lines of a three-dimensional body in a two-
dimensional photograph. The result is much 
the same as a large scale o rdnance map. Fur
thermore, it is possible to convert the infor
mation on the photograph to a digital form 
that can be assimilated and manipulated by a 
computer. In the immediate context of this 
book, the goal is to use the technique in large 
scale screening of school children for idio
pathic scoliosis and further to use it as a fol
low up tool to assess efficacy of treatment. In 

a broader sense, considerable interest has 
been generated during the past decade in the 
use of Moire Fringe Topography and similar 
techniques in the production of cosmetic res
torations, sockets, orthoses, and shoe lasts; 
while avoiding what are perceived by some 
as the inadequacies of such traditional tech
niques as casting, tracing, and measuring. 

This book is the product of an inter
national symposium and consists of 34 
scientific papers presented by authors from 
Japan, Europe, and North America. As such, 
it provides an excellent review of the state of 
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the art and documents the potential of the 
technique. It also illustrates the difficulty in 
converting what is at its simplest a rather 
intriguing parlor trick to a meaningful meas
urement tool. The goal is to establish a stand
ardized technique that gives reliable and 
reproducible results that can then be ac
cepted unequivocably by others. Such in
deed was the topic of the symposium and 
considerable discussion is devoted to it in the 
papers and in the transcripts of the panel 
discussions. 

This book will undoubtedly not appeal to 
all in the profession of prosthetics and or
thotics but will be of interest to that smaller 
group concerned with scoliosis and the ap
plication of advanced technology to age old 
problems. In general, the quality of the illus
trations, writing, and editing is quite good 
and the book should be readily understood 
by most readers. 

Charles H. Pritham, C.P.O. 
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Course Announcement 
"The Second Annual ADVANCED 

Course on Lower Extremity Prosthetics" 
Presented by 

The Department of Physical Medicine & Rehabilitation 
of the Nassau County Medical Center 

September 8, 9, 10, 1982 

LECTURES 
What Below Knee Suspension For What Patient? 
Nonquadrilateral Above Knee Sockets 
The Adult Problem Stump—Revise or Fit? 
The Conservative Treatment of Osseous Overgrowth 
Special Problems of Amputation During the Growing Period 
Are Prostheses and Training of the Hip Disarticulation Patient Adequate? 
Above Knee Gait Deviations and their Correction 
Sensory Implications of Lower Extremity Amputation 
Femoral Defects (PFFD)—Total Rehabilitation 
American Methods for Treating the Child Lower Limb Amputee 
Amputation in Art Before Columbus 
The Patient's Decision to Accept or Reject the Limb 
Is Cosmesis Important for the Lower Extremity Amputee? 
A Woman's Reactions to Prosthetic Design 
Tibial Defects and their Rehabilitation 
Fibular Defects and their Rehabilitation 
Bone and Joint Problems 
Skin, Muscle & Nerve Problems 
Geriatric Legs 
Legs for Heavy Work 
Newer Feet and Ankles (S A . F . E . , Mauch, Haberman, etc.) 
Sport Prosthese 
Sexual Implications of Leg Amputation 
Mourning by Amputees 
The Multiple Amputee—Total Rehabilitation—"The Adult" 
The Multiple Amputee—Total Rehabilitation—"The Child" 

SPEAKERS 
Victor Cummings, M.D., Prof, of Rehab. Med., Albert 

Einstein College 
James T. Demopoulos, M.D., Dir., Dept. of Rehabil

itation, Hospital for Joint Diseases-Orthopedic In
stitute, Prof, of Rehabilitation Medicine, Mt. Sinai 
School of Medicine 

Malcolm Dixon, R.P.T. 
Mary Dorsch, CPO 
Donald H. Eisenberg, Executive Director, Nassau 

County Medical Center 
John Eschen, CPO 
Lawrence W. Friedmann, M.D., Chairman, Dept. of 

Physical Med. & Rehab., NCMC also Professor of 
Rehabilitation Medicine, SUNY at Stony Brook, 
Health Sciences 

Liesl Friedmann, OTR, Institute of Rehabilitation 
Medicine, NY University 

Selene Jaramillo, M.D., Institute of Rehabilitation 
Medicine, NY University 

Elizabeth Kolin, Ph.D., Clinical Psychologist, Nassau 
County Medical Center 

H. Richard Lehneis, CPO, Ph.D., Dir., Prosthetics & 
Orthotics, Institute of Rehabilitation Medicine, 
New York University School of Medicine 

Prof. Dr. Med. Ernst Marquardt, M.D., University of 
Heidelberg, Germany 

Clifton S. Mereday, RPT 
Alvin Pike, CPO 
Francis T. Purcell, County Executive, Nassau County 
Gustav Rubin, M.D., Orthopedic Surgeon & Consul

tant, Veterans Administration Rehabilitation Engi
neering Center 

Daniel Shapiro, M.D., Asst. to Chairman, Dept. of 
Physical Medicine & Rehabilitation, Nassau County 
Medical Center. 
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F o r Sale—Three Georgia Prosthetic and Or
thotic facilities. Well established with out
standing growth potential. Terms of sale 
negotiable. Owners wanting to relocate. 
Reply to A O P A Box 48201, 717 Pendleton 
Street, Alexandria, V A 22314. 

Position Opening 
Certified Orthotist—Staff position in dy
namic, well established orthotics department 
located at a medical rehabilitation hospital. 
Department offers over forty years of dedi
cated, high quality services to this midwest 
community . Wide range of orthotic services 
are provided at the rehabilitation center, 
local acute-care hospitals, outpatient clinics 
and communi ty outreach programs. Appli
cants must be certified in orthotics, possess a 
Bachelor's Degree and demonstrate self-
starting ability. Position includes direct pa
tient management and education, as well as 
association with physicians and professional 
staff. Department participates in the edu
cation process of orthotic residents. Position 
offers excellent working conditions, equip
ment and professional development. Salary 
commensurate with experience—good per
sonnel benefit package. Send complete 
resume with references to: Greg Fryling, Di
rector of Orthotics, Mary Free Bed Hospital 
and Rehabilitation Center, 235 Wealthy 
Southeast, Grand Rapids, MI 49503 
(616) 242-0315 . An Equal Opportunity 
Employer. 

C O . wi th Prosthet ic Exper ience or C .P.O. 
needed in Oregon, send cover letter, resume 
and salary requirements to, Barnhart Pros
thetic 1445 Williamette # 5 , Eugene, O R 
97401. 

Certified Orthot is t—Excel lent opportunity 
for certified or board eligible orthotist to 
work in a new, progressive hospital, work
ing chiefly in pediatrics. Research and de
velopment in Or tho t ic devices; a constant 
need allowing an opportuni ty for advance
ment . Salary negotiable. Submi t resume to 
Or tho t ic Depar tment , Texas Scott ish Ri te 
Hospital for Crippled Children, 2222 W e l -
born Street, Dallas, Texas 75219 . 

C O a n d / o r CP—Benef i ts include health, 
dental, life insurance, retirement, paid vaca
t ion and major holidays. Salary open. R e 
plies confidential. Please reply to A O P A Box 
3 8 2 0 9 , 7 1 7 Pendleton Street, Alexandria, V A 
22314 . 

V e r y modern East Coast facil i ty offers top 
position for qualified C O . Exc. salary & ad
vancement opportunity. A O P A Box 38208 , 
717 Pendleton Street, Alexandria, V A 22314 . 

For Sale: Established Or tho t ic Practice with 
Durable Medica l Equipment Sales in O h i o . 
2 1 6 - 6 7 3 - 4 8 4 3 . 
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AAOP Northwest Seminar 
is Taking Shape 

Under t h e agress ive leadership of Co-Cha i rmen Char les W. Childs, CPO and 
John J . K in tz , CPO, t h e A A O P N o r t h w e s t Seminar is looking like a real 
W I N N E R ! 

The seminar wil l take place a t t he comfo r tab le and scenic Red Lion M o t o r Inn in 
Por t l and , Oregon on July 3 0 - 3 1 , 1 9 8 2 . 

The t heme of t he seminar is New Innovat ions in P r o s t h e t i c s and O r t h o t i c s . The 
facu l t y is composed of heavy h i t t e r s in t h e f ie ld of medicine, o r t h o t i c s , p ros 
t h e t i c s and physical the rapy . 

Social Activities 
In addi t ion t o a super sc ien t i f i c p r o g r a m , a r r a n g e m e n t s have been made t o 
provide social oppor tun i t i es f o r t h o s e a t t end ing . Fr iday evening t h e r e will be a 
"no h o s t " cockta i l pa r t y providing p lenty of oppor tun i t y t o renew old acquain
t a n c e s and t o make new ones. Plans have been made f o r t h e ladies t o v is i t t h e 
Pendle ton Mil ls on Friday. The ladies wil l also f ind g rea t p leasure in b rows ing 
among t he 1 1 0 shops loca ted in c lose-by J a n t z e n Beach Cen te r . Then, t oo , t he 
new mall in d o w n t o w n Por t land is only m inu tes away. 

Whi le n o t ye t f i r m , an a t t e m p t is being made t o organize a f ish ing t r i p e i ther as a 
" p r e " or " p o s t " seminar ac t i v i t y . Finally, plans have been made f o r an e legant 
"no h o s t " B u f f e t Luncheon a t noon on Sa tu rday . 

Portland and Environs 
Plan t o spend an ex t ra day or t w o in Por t land and v is i t h is tor ica l Old Town which 
has been r e s t o r e d and inhabi ted by i n te res t i ng spec ia l ty shops and r e s t a u 
r a n t s , Wash ing ton Park and Por t land Zoo , Oregon M u s e u m of Science and 
Indust ry , Japanese Gardens and t he In te rna t iona l Rose Tes t Gardens. The 
Por t l and A r t M u s e u m , Oregon H i s to r i ca l Soc i e t y and Civic Aud i t o r i um a re in 
t h e c e n t r a l d o w n t o w n a rea . The Paci f ic Ocean t o t h e w e s t and year - round 
ski ing on M t . Hood t o t h e e a s t a re j u s t an hour ' s d i s tance . 

Sign up now for what promises to be 
an oustanding experience in 

education, relaxation and pleasure! 



R e g i s t r a t i o n F o r m 

L a s t name F i r s t M . I . T i t l e 

S t r e e t A d d r e s s C i t y S t a t e Z i p 

R e g i s t r a t i o n I n f o r m a t i o n and Fees 
$ 1 0 0 . 0 0 Advance Reg is t ra t i on Fee $ 1 2 . 5 0 Advance Payment f o r Fr i -N i te 
$ 1 2 5 . 0 0 Qn-S i te Reg is t ra t i on Fee Cockta i l P a r t y 
$ 6 5 . 0 0 Single Day Reg is t ra t i on Fee $ 1 5 . 0 0 On-S i te Payment f o r Fr i -N i te 
$ 3 5 . 0 0 S t u d e n t Reg is t ra t i on Fee Cockta i l Pa r t y 

$ 1 0 . 0 0 Advance Payment f o r S a t - N o o n 
B u f f e t Luncheon 

$ 1 1 . 0 0 Qn-S i te Payment f o r S a t - N o o n 
B u f f e t Luncheon 

Make your check payable t o " A A O P " and mail t o g e t h e r w i t h t h i s f o r m to : 
Amer i can Academy of O r t h o t i s t s & P r o s t h e t i s t s 
7 1 7 Pendletorv S t r e e t 
A lexandr ia , Vi rg in ia 2 2 3 1 4 

H o t e l R e g i s t r a t i o n F o r m 

Arr i va l da te D e p a r t u r e da te _ 

L a s t N a m e F i r s t M . I . T i t l e 

S t r e e t A d d r e s s C i t y S t a t e Z ip 

Please rese rve roomCs] f o r personCs) Single $ 5 0 . 0 0 
Double $ 5 0 . 0 0 
(Plus 6 % Tax) 

A t t e n d i n g A m e r i c a n Academy of O r t h o t i s t s and P r o s t h e t i s t s Seminar July 3 0 - 3 1 , 1 9 8 2 . 

M A I L THIS F O R M TO: 
Red Lion M o t o r Inn 
9 0 9 N. Hayden Island Dr ive 
Por t l and , Oregon 9 7 2 1 7 
Phone: C503) 2 8 3 - 4 4 6 6 



Our Two-Post Orthosis (J-22) provides 
ind icated stabi l izat ion of the cerv ical 

and u p p j r thoracic regions with opt imum patient com
fort. Prescribe it by name, "Florida Brace J-22," to be 
sure your patient receives the correct orthosis with the 
results you want . Most eth ical d i spens ing orthot ists 
throughout the country can supply and fit the J-22 to 
your prescription in a matter - K a ^ — 
of hours. Florida Brace 
Corporation RO. Box 1299, 
Winter Park, Florida 32789. 

Florida Brace 
C o r p o r a t i o n 



Cushion Depth For Extra Comfort 
These shoes are specially designed and engineered 
with vertical depth added to accept various types of 
appliances, including the Drew Cushion Depth Inlay.* 

• removable Cushion Depth 

STROLL 
• Long wearing, shock absorbent, 

cushion crepe out sole. 
• Genuine tan deerskin leather. 

• Long inside counters. 
Drew makes a variety 

of Cushion Depth 
Insoles in 

several 
materials. 

insole 
• genuine deerskin padded 

collars 
• made in a variety of 

genuine deerskin and 
Mather colors 

• excellent for sensitive and 
insensitive feet 

Please send for our Free 
In-Stock Catalogue showing 
many styles of Cushion Depth 
footwear. 

SALLY 
• Rollar 

Bottom 
eliminates heel 
shock because it is 
made out of cushion crepe. 

• Reduces step shock because it rolls from 
heel stride to toe off. • Long inside counters. 

Drew Shoe Corporation 6 1 4 / 6 5 3 - 4 2 7 1 
2 5 2 Quarry Road Lancaster, Oh 4 3 1 3 0 

PRODUCTS 
for fast delivery call. 

S U P P L Y C O . 
4 6 6 6 M a n u f a c t u r i n g R d 
C l e v e l a n d . O h i o 4 4 1 3 5 
P h o n e : a . c . 2 1 6 . 2 6 7 - 5 7 7 5 
8 0 0 . 3 2 1 - 1 2 6 4 
O r t h o t i c & P r o s t h e t i c P a r t s & S u p p l i e s 

P a u l E L e i m k u e h l e r , C P p r e s i d e n t 

A d j u s t a b l e C r u t c h e s 



T h e L e r m a n M u l t i - L i g a m e n t u s 
O r t h o s i s c o n t r o l s k n e e m o t i o n w i th 
m e t a l p o l y c e n t r i c j o in ts tha t c l o s e l y 
s i m u l a t e m o t i o n of t he a n a t o m i c a l 
k n e e T h e k n e e jo in ts a re c o m p l e t e l y 
a d j u s t a b l e a n d m a y be u s e d to inhib i t 
k n e e f l e x i o n or e x t e n s i o n to a n y 
d e s i r e d d e g r e e . 

Medio-Lateral Stability 
M e d i o - L a t e r a l s tab i l i t y is p r o v i d e d by 

p las t i c pos te r i o r f e m o r a l a n d t ib ia l 
b a n d s w h i c h a r e a t t a c h e d to t he m e t a l 
k n e e j o i n t s w i th e n o u g h s e p a r a t i o n to 
p r o v i d e a d e s i r e d a m o u n t of l e v e r a g e 
Anterior-Posterior Stability 

A n t e r i o r - P o s t e r i o r s tab i l i ty is 

c o n t r o l l e d by to ta l c o n t a c t f l oa t i ng 
c o n d y l e p a d s w h i c h a l so c o n t r o l t h e 
la te ra l a n d m e d i a l d i s p l a c e m e n t of t h e 
pa te l l a t h r o u g h a fu l l r a n g e of k n e e 
m o t i o n . S u p r a a n d infer ior e l a s t i c 
pa te l l a s t r aps , w h i c h s e c u r e t h e 
c o n d y l e p a d s t o t h e k n e e jo in ts , 
p r e v e n t d is ta l m i g r a t i o n of t h e o r t h o s i s . 
Derotational and Rotational Control 

D e r o t a t i o n a l a n d ro ta t i ona l c o n t r o l is 
p r o v i d e d by to ta l c o n t a c t g u m r u b b e r 
s t r a p s w h i c h e n c i r c l e t h e t h i g h a n d calf. 
T h e s t r a p s c r e a t e a pul l f o r c e or t o r q u e 
in o p p o s i t e d i r e c t i o n s w h i c h w o r k s to 
d e r o t a t e t h e k n e e jo in t Pul l f o r c e 
d i r e c t i o n s m a y b e c h a n g e d to c o n t r o l 

United States Manufacturing Company 
180 North San Gabriel Blvd , P O Box 5030, 

Pasadena. California 91107 USA (213) 796-0477 
Cable: LIMBRACE. TWX No : 910-588-1973 

t ib ia l r o ta t i on , e i the r m e d i a l to la tera l 
or la tera l to m e d i a l 
Total Knee Control 

T o t a l k n e e c o n t r o l is t he u l t ima te 
e f f ec t of t he L e r m a n M u l t i - L i g a m e n t u s 
K n e e C o n t r o l O r t h o s i s . I t 's a l so e a s y 
to fit, a p p l y or r e m o v e a n d m a y be 
a d j u s t e d to a l l ow a n y d e s i r e d a m o u n t 
of k n e e f l e x i o n a n d e x t e n s i o n . 
Product Numbers: 
S m a l l — R igh t - A16-6RS-M000 
S m a l l — Lef t — A16-6LS-M000 
M e d i u m — Righ t — A16-6RM-D000 
M e d i u m — Lef t — A16-6LM-D000 
L a r g e — Righ t — A16-6RL-G000 
L a r g e — Lef t — A16-6LL-G000 
Size Calf Cir. Thigh Cir. 
Small 1 2 " - 1 4 " 15" - 17" 
Medium 15" - 17" 18" - 2 0 " 
Large 18" - 2 0 " 2 1 " - 2 3 " 

Patent Pending 



The new S-1250 . . . 
A Remarkable New Finisher For The Orthopedic Craftsman 

a t -

T h i s f u l l - f u n c t i o n f i n i s h e r r e q u i r e s o n l y f i v e f e e t 
of w a l l s p a c e ! I n c l u d e d a r e t w o 5 ' s a n d i n g 
b e l t s — 1 - 9 / 1 6 " a n d 4 " — p l u s a B s a n d i n g 
w h e e l , h e e l b r e a s t e r , a n d e v e n a n a u m k e a g . 
A f u l l r a n g e of o p t i o n a l a t t a c h m e n t s f i t t h e 
b a y o n e t e n d o n t h e le f t s i d e of t h e s a n d i n g 

• n —fiD 

s h a f t , m a n y w i t h 8 " e x t e n s i o n s t o 
e n a b l e t h e c r a f t s m a n t o w o r k o n a l l s i d e s of 

h i s a p p l i a n c e o r f o o t w e a r . T w o b r u s h e s a n d t w o 
b u r n i s h e r s a r e m o u n t e d o n a s e p a r a t e , s l o w -
t u r n i n g s h a f t . F u l l p o r t i n g f o r m a x i m u m d u s t 
c o n t r o l — e v e n in t h e b r u s h a r e a s . 

srtot MArmntflr 

SHOE f\ 
MACHINERY 

COMPANY 
•a-T-~ itHii vi-jMv • Mil I f f l F ' i 13141225*255 CaUWI 

13500 Scarlet Oak Blvd. - St. Louis, MO 63122 
| [ ] Please send more information on the S-1250 finisher 
| [ ] Please send complete Sutton Landis catalog 

| Name 

Company., 

Address _ 

| City, State, Zip 

4 Telephone 



The Shoe Fits... 

Free Flex'" Heel Height Adjustor 

A m a j o r f r u s t r a t i o n t o m a n y l o w e r l i m b a m 
p u t e e s is t h e l i m i t a t i o n o f s h o e s t y l e s t h e y c a n 
u s e b e c a u s e o f t h e f i x e d h e e l h e i g h t s o f p r o s 
t h e t i c f e e t . 

W h i l e n u m e r o u s f o o t s t y l e s a r e a v a i l a b l e , w i t h 
a w i d e r a n g e o f h e e l h e i g h t s , t h e m a n y d i f 
f e r e n c e s o f s h o e s t y l e s r e q u i r e a d i f f e r e n t f o o t f o r 
e a c h s h o e h e e l h e i g h t . 

N o w , t h e a m p u t e e c a n , w i t h t h e F r e e Flex™ 
h e e l h e i g h t a d j u s t o r , o f t e n u s e s h o e s t h r o u g h o u t 
a 1-1 /2" h e e l h e i g h t r a n g e , w i t h o u t c h a n g 
i n g f e e t ! 

T h e F r e e Flex™ h e e l h e i g h t a d j u s t o r , m a n u f a c 
t u r e d b y O r t h o p e d i c S y s t e m s , I nc . , a n d d i s t r i b 
u t e d b y K i n g s l e y M f g . C o . , a l l o w s u p t o 1-1 /2" o f 
h e e l l i f t v a r i a t i o n . T h e F r e e Rex™ m e c h a n i s m c a n 
b e f i t t e d t o a l l s a c h f e e t . 

C o n s i d e r t h e F r e e Flex™ h e e l h e i g h t a d j u s t o r 
n e x t t i m e y o u r c l i e n t w a n t s a v a r i e t y o f s h o e 
s t y l e s . T h e n y o u c a n a d v i s e — i f t h e s h o e f i t s , 
g o a h e a d a n d w e a r i t ! F r e e Flex™ w i l l m a k e 
i t p o s s i b l e . 

C a t a l o g O S I 5 3 8 1 

POSTC 
IV COSTA MES/ 

C \ \ ^ |7I4) 6 4 5 -
2. Cat 

KINGSLEY MFG. CO. 
1984 PLACENTIA AVENUE 

OFFICE BOX CSN 5010 
MESA, CALIFORNIA 9 2 6 2 6 

4401 • 1800) 8 5 4 - 3 4 7 9 
Cable Address: KINGFEET 

NXforld's leading manufacturer of prosthetic feet with Natural Toes™. 
Free Flex™, patent pending 





A message from the leader in upper extremity prosthetics... 
In the past few years, Hosmer has introduced 
many new prosthetic and orthotic products 

such as: 

These products have expanded our latest catalog to 
give you a broad line of prosthetic and orthotic supplies 

and services to meet I l y o u r patient's needs. 

However, w e have no t forgot ten tha t o u r -AJB p ledge tha t w e will c o n t i n u e to m a i n t a i n 
u p p e r ex t r emi ty p r o s t h e t i c p r o d u c t s o u r p r o d u c t e x c e l l e n c e a n d serv ice 
a r e t he s t andard o f t he industry, and whi le w e offer y o u the benef i t s o f o u r 
y o u r a c c e p t a n c e o f t h e m h a s m a d e o u r ^ ^ B f i B I n e w c o n t r i b u t i o n s to t he p r o s t h e t i c 
c o m p a n y the s u c c e s s it is today. We s ince re ly and o r t ho t i c field. 

H o s m e r Hosmer Dorrance Corporation 
561 Division Street 
PO.B0X37 
Campbell,CA 95008 
Telephone: (408) 379-5151 
Telex: 171561 



YOU cant Beat The Original 
* w J T h o u g h im i ta to rs k e e p 

t ry ing , they still can ' t equa l 
the or ig ina l p a t e n t e d B o s t o n 
B r a c e ' S y s t e m in the n o n -
ope ra t i ve t r e a t m e n t ot 
Sco l ios is H e r e ' s w h y : c r i t i ca l 
d e s i g n c r i te r ia i nc lude i n t r a -abdom ina l c o m p r e s 
s ion , pe lv ic tilt a n d f i r m , to ta l c o n t a c t t h r o u g h 
the i l iac c res t to d e c r e a s e e x c e s s i v e lordos is , 
d is t rac t a n d lock the pelv is , a n d u n w e i g h t t he 
lumbar sp ine T h e s e c r i te r ia a r e pa ins tak ing ly 
i n c o r p o r a t e d into d imens iona l l y un i f o rm , 
s y m m e t r i c a l mo lds . P roduc t i on c o m p l e m e n t s 
des ign : c o m f o r t a b l e , hypo -a l l e rgen ic f o a m liner 
d e c r e a s e s t i ssue s l i ppage w i th in t he b r a c e : bui l t-
in i l iac c res t pads p rov ide s h o c k a b s o r b e n c y 
wh i l e a l l ow ing m a x i m u m d is t rac t ion a n d lock ing 
of the in te rver tebra l c o l u m n : spec ia l ly d e v e l o p e d 
n o n - c r a c k i n g o r t h o p e d i c g r a d e po l yp ropy lene is 
t h e r m o - a p p l i e d in va r ious t h i cknesses to a c h i e v e 

the m o s t p rac t i ca l 
b a l a n c e of r igidity 
a n d l igh twe igh t 
But, m a k i n g t he 
w o r l d ' s m o s t 

f 
f unc t i ona l a n d c o s m e t i c a l l y des i rab le Sco l ios is 
b r a c e isn' t ou r on ly con t r i bu t i on V\fe m a k e the 
B o s t o n B r a c e * m o d u l e ava i lab le on ly to Or tho -
t ists t ra ined in t he t e a m a p p r o a c h (Doc to r , 
Therap is t , Or tho t is t ) at w o r l d w i d e Bos ton B r a c e * 
w o r k s h o p s s p o n s o r e d by Ch i ld ren 's Hosp i ta l 
M e d i c a l Cen te r of B o s t o n Th is ex t ra s t e p in
s u r e s t he m o s t e f fec t i ve a n d c o m p r e h e n s i v e 
b rac i ng t r e a t m e n t of Sco l ios is Our 24 s izes 
of s t a n d a r d B o s t o n m o d u l e s wi l l fit 9 5 % of all 
a d o l e s c e n t Sco l ios is c a s e s u p to level T-8 ; 
spec ia l s izes c a n b e m a d e to m e a s u r e m e n t s 
w i th in t w o d a y s 

" T h e Boston Brace is covered by U S Patent #3871367 
and many foreign patents Boston Brace Modules are 
manu fac tu red o n l y by Physical Suppor t Systems Inc 
and distr ibuted in Ihe Uni ted States Canada and Mex ico 
by Physical Suppor t Systems, Inc , and Prosthetic and 
Orthotic Supp ly Company of Port land, Oregon 

P h y s i c a l 
S u p p o r t S y s t e m s , i n c . 
6 L e d g e R o a d , W i n d h a m , N H 0 3 0 8 7 Tel 6 0 3 - 4 3 2 - 7 7 0 2 The Boston Brace* Company 

TLEXAFORM" BACK BRACES • CUSTOM CTLSO and TLSO BRACES • POST-OP BODY JACKETS 



Notional Assembly 
Shamrock Hilton 
Houston, Texas 
October 19-23, 1982 X 



OTTO BOCK 

BURLINGTON 

CAMP 

CAMPBELL-CHILDS 

CASH MFG 

DOW CORNING 

DURR-FILLAUER 

FOSTER MFG CO 

GENERAL TIRE 

GRIEVE C O R P 

H O S M E R / D O R R A N C E 

E 
J O H N S O N & J O H N S O N 

KINGSLEY 

KNIT-RITE 

LACAL SURGICAL 

OHIO W I L L O W W O O D 

SAND-RITE 

SMALLEY & BATES 

SUTTON SHOE MACHINERY CO 

UNITED STATES MFG CO 

USS CHEMICALS 

W A T E R H O U S E LEATHER CO 

H. WENIGER 

UKCE 

T W O D I S T R I B U T I O N C E N T E R S 
ATLANTA — DALLAS 

T W O F A B R I C A T I O N L A B O R A T O R I E S 
ATLANTA — ORLANDO 

C$o&ti4e4*t< PROSTHETIC SUPPLY CO. 

&mtomer Service: National 9M< Z/ree 800-24?- /c9^2 



American Orthotic and Prosthetic Association 
717 Pendleton Street 

Alexandria, VA 22314 


