SEPTEMBER 1968

american
orthotic &

“ &
orthotics :---::
association

~ and

prosthetics

,
|
l
i
|
|
i
|
|




COPYRIGHT @ 1968 BY THE AMERICAN ORTHOTIC AND PROSTHETIC ASSOCIATION,
PRINTED IN THE UNITED STATES OF AMERICA, ALL RIGHTS RESERVED.




american
orthotic &

FOUNDED 1811

prosthetic
association

VOLUME 22
NUMBER 3
SEPTEMBER 1968

Editor
Audrey J. Calomino

Orthotice and Prosthetics: The
Orthopedic and Prosthetic Appli-
ance Journal is issued in March,
June, September and December
Subscription price, payable in ad-
vance, is five dollars a year in the
Western Hemisphere, rate else-
where is six dollars a yvear. Publica-
tion does not constitute official en-
dorsement of opinions presented in
articles. The Journal is the official
organ of its publisher, The Ameri-
can Orthotic and Prosthetic Asso-
ciation. All correspondence should
be addressed to: Editor: Orthotics
and Prosthetics, 919 18th St,
N.W., Washington, D.C. 20006,
Telephone, Area Code 202, 296
4160,

second class postage paid at
Washington, D.C. and at ad-
ditional mailing offices

orthotics

and

prosthetics

THE JOURNAL OF THE
ORTHOTIC AND PROSTHETIC PROFESSION

Contents

1 A Fiberglas—Epoxy Drop—Foot Brace
James T. Hill
Allard L. Fenwick

9 The Unitized Below-Elbow Infant Prosthesis
Carl Sumida, C.P.O.
Julie Shaperman, M.A. O.T.R.
Wallace Sumida, B.S.E.E. C.P.
Yoshio Setoguchi, M.D.

28 Critique of Lower-Extremity Bracing
Eric Viel, R.P.T.

34 Application of External Power in Orthotics
Hans Richard Lehneis, C.P.0O.

46 The PTS Knee Brace
Robert A. Nitschke, C.P.
Kurt Marschall, C.P.



(" FLEXIFORM BACK REST

Adapts to any kind of seat
Automobiles ® Trucks ® Wheel chairs

FLEXIFORM
Prevents
Back Strain
Premature fatigue

FLEXIFORM

Easy to Install
Body weight alone will hold in position
when stationary.
Straps are attached for use in car, truck,
wheelchair.

FLEXIFORM

Allows Free Air Circulation

FLEXIFORM

Construction resists Deformation
Swedish steel frame, covered with
smooth highly wear-resistant
plastic, grants long life. _ WITH FLEXIFORM  WITHOUT FLEXIFORM

Write for details and trial order information

THE POWER AID

for new or used wheel chairs

Converts Chair instantly to Full Power Drive

o attaches easily to
any wheel chair

removes quickly
to allow folding

economical

forward and
reverse movement

Makes any Wheel left or right
Chair Self Propelled hand control

SOUTHERN PROSTHETIC SUPPLY (0.

947 Juniper St., N.E., P. O. Box 7443, Atlanta, Ga. 30309
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ANNOUNCES NEW LOW PRICES
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*‘LOW-BUDGET"" TRACTION
SETS

TRU-EZE (over-door) Traction
Support with Spreader Bar,
‘'Diskard’’ Head Halter and
Weight Ba,

See HH 53 ‘Head Halter Page
22 in TRU-EZE Catalog.

rce $5.75

Write for Quantity Discounts.

**ECONOMY'’ TRACTION SETS
TRU-EZE (over-door) Traction
Support with Spreader Bar,
‘‘Economy’’ Head Halter
(med.) and Weight Bag.

See HH-52 Head Haher Page
22 in TRU-EZE Catalog.

race 7.00

Write for Quantity Discounts.

0D-5a

DELUXE SETS

{NYLON PULLEYS)

TRU-EZE (over-door) Traction
Support with 12** Spreader-
Bar, '‘TRU-TRAC'' Deluxe
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and Weight Bag. See HH.51
Head Halter Page 22 in TRU-
EZE Catalog.

rice *11.25

Write for Quantity Dlmunh.'

For complete delails and specifications, write . .
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NEW IMPROVEMENTS in
the U.S. Mfg. (2L-105)

Conventional A/K Knee Shin

For many years, it has been the policy of
U.S. Mfg. Co. to continually improve
the design and quality of their products.

Four examples are listed below,

¢ |

Hard wood insert
in knee prevents
compression of
wood on impact
of stop.

2

Aluminum bushings
set in knee with
epoxy eliminates oil
from oil-lite bearing
penetrating wood.

3

New light weight
precision die
cast back stop.

4

Side straps
machine riveted
into shin.
...... Sold on prescription
Knee Width Calf Circumference
i 1157
3y, 127
34 13147
3347 141
S 147"
4" (Extra Large) .......... 1615"

UNITED STATES MANUFACTURING CO.
P.0. Box 110, 623 South Central Avenue, Glendale, California 91209, US.A,
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WHY
FREEMANY

QUALITY ¢ oo s

skilled hands and alert minds...deft stitches
and a critical eye...rich fabrics and plush

padding. Ingredients for a support that fits
right...wears longer...really does the job.
And the price is right. Freeman...makes
people feel better.

WRITE FOR FREE CATALOG

Jreeman

FREEMAN MANUFACTURING CO.
Box J, Sturgis, Michigan 49091
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Basic Component
FOR

Cosmetic Realism
IN

Hand Restorations

FEATURES

FIRM, RESILIENT “FEEL" LIFELIKE ELLIPTICAL WRIST

BRAIDED SPIRAL \
WIRE INSERTS
POSITION THE \d: ~
DUCTILE FINGERS —
LIGHT WEIGHT i
FLESH COLOR VINYL TINT
GIVES EXTRA COLOR DEPTH
PERFECTLY CORRELATED FIT WHEN USED WITH

TO COVERING COSMETIC GLOVES Realastic GLOVES

THREE EASILY
ADAPTED MOUNTING
ARRANGEMENTS

= ey
iy &

-
4

Anatomically accurate shapes and sizes are available for
male and female hands; for children, teen-agers and adults.

PASSIVE HANDS are fabricated using the highest quality polyeurethane foam sur-
rounding a carefully centered braided wire insert giving the hand firmness without
rigidity. The naturalvinylskinis precision molded of durable, long lasting material
requiring little care.

@
E . 1000 FORTY SECOND STREET ’r
. A % OAKLAND, CALIF. 94608 U.S. A. gy
£/'7/ES8 PHONE (415) 658-7440 or 658-7441 y

N
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DEMAND THE FINEST
FOR YOUR
GUSTOMERS

KENDRICK’S

sacro-lumbar
No. 8458-S Kendrick Sacro-lumbar Sup-
acron mes porter with Dacron Mesh. Available in

sizes 32 to 44 (hip measure).

PRESCRIBED BY PHYSICIANS...SOLD WITH CONFIDENCE

For your customers, there should be no substitute for the finest. Kendrick’s
Sacro-lumbar Supports of Dacron, an amazing synthetic fabric, provide the
most reliable and comfortable support possible. The porous weave of Dacron
is ideal for summer wear — lets the skin breathe — or all-the-year around.

Kendrick’s Dacron Sacro-lumbar Supports are lighter and far more com-
fortable — their durable, porous construction gives safe, long-lasting support to
the wearer. Lumbar stays are removable so the supports are easy to wash, quick
to dry. Styles for male or female.

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

You can recommend Kendrick with Confidence

JAMES R. KENDRICK COMPANY, INC.
Philadelphia, Pa. 19144 New York, N. Y. 10016

Kendrick
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people are different






some need
rest,

some need
support,
some need
bracing...

whatever the difference

cmP fits best

We'd like to say, ‘‘One garment fits all.

To change the degree of support just give the adjustments
another yank."" Certainly would solve a lot of our problems.
But not yours. Or the physician’s. Or your customer’s.
Camp has spent sixty years building a line that

pleases people . .. and physicians . . . precisely.

We don’'t care how many models, or sizes, or types it takes to do it.
500 or 5000. We go to a lot of trouble so you won’t have to.
And expect to keep on doing it.

Because people are different Camp has to be.

And is.



from fashion fabriecs to preseription

braces you’re covered by C%P

Why do we do it?

Design a line that
ranges all the way from
all-elastic *‘‘pull-on’
garments to
prescription braces?

To make your job easier.
To please the doctor.

To please your customers.
After sixty years in
business it's getting to
be a habit.

Want proof?

Here's five.

All elastit

Model 360. Abdominal support
forali types of build, A **pull-on’’
ail elastic garment. Confoured,
tightly boned front with fabric
inner reinforcement. Controlled
stretch elastic. Natural color.

c

Elastic plus firm fabric

Model 91225. Anamazingly light
girdle that provides firm, strong
support. White leno net elastic
with brocade front and back, Ex-
clusive ''Band of Support™. Slim
line hook adjustment,

Firm fabric plus stee! stays

Model 91124. For general ortho-
pedic use. Features a high back.
Front truss hook opening. Solid
back panels allow free use of ad-
ditional stays and braces accord-
ing to doctor's prescription.

Firm fabric plus
steel stays plus lacings

Mode! 267. Lumbosacral side-
lacer. Triple adjustment assures
perfect fit and S"”ﬁ support over
entire lumbosacral area. Solid
back panel permits insertion of
shaped steel stays for increased
support and to aid in limiting
motion.

Prescription braces

Model C-35, Hyperextension
Brace. Pelvic band anchors on
the ilia to reduce undue pressure
on the bladder. Lumbar pad ad-
justs easily to re%uiate hyperex-

tension. Sternal pad swivels,
conforms fo the body and elimi-
nates the pressure edges. Positive
self-locking latch simplifies ap-
plication and final adjustment.

S. H, CAMP & COMPANY, Jackson, Michigan 49204

1908-1968. . . sixty years of service and still growing strong




DORRANCE HANDS
and
DORRANCE HOOKS

A Complete Line

Hands Available in 5 Models
Hooks Available in 18 Models

Phone (408) 378-4366

D. W. DORRANCE CO., INC.

541 Division St.
Campbell, California 95008

- SIS A

The Dorrance Hand
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“Your “Prgfessional and “Financial

Growth are best served by
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orthotics and prosthetics

Sold only by ethical dealers, endorsed
and recommended by physicians and
fitted by professionally trained tech-
nicians, Truform anatomical supports
are the most highly respected and
accepted products in the field. They
enhance and protect the professional
status of the ethical dealer who carries
them. Truform’s progressive merchan-
dising and advertising programs
stimulate sales and increase profit.
If you're an ethical dealer who's look-
ing for growth, you can grow faster—
both professionally and financially
with Truform—the complete line of
Orthopedic Appliances = Surgical
SupportseElastic Hosiery » Specialties.

For a starter, write for your free
copy of the Red Book, illustrating the
Truform line.

Truform Anatomical Supports sold
only by Ethical Appliance Dealers

JRUFORM

anatomical supports

3960 Rosslyn Drive, Cincinnati, O. 45209
New York = San Francisco - Texarkana

3175
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WHICH ARE THE
BEST SELLING
CHILDRENS
PRESCRIPTION

SHOES?

Child Life has been the best
selling and most prescribed
brand of children’s prescription
footwear since 1961.

* Milwaukee, Wisconsin 53201




Parents now
save *6.50 on
ROTO-LOK
shoes and splint.

Price is the least important factor when it comes
to corrective measures for a child’s foot.
Nobody appreciates this more than Sabel
— the most respected name jn the
prescription shoe field.

So when Sabel makes a money-
saving combination offer of

shoes and splint, orthopedic
doctors know it's a valid offer.
Thanks 1o greater velume and new,
drastically impreved production
metheds, parents can now purchase
Sabel's Equino-varus or Surgical
shoes, with splint, for $6.50 less
than the standard clamp-cn type. Sabel's Roto-Lok shoes
feature a serrated dis¢ built right into the

sole of the shoe that permits

exacl degrees of rolation,

for both the right and left shoe,

in accordance with your prescription.

When you prescribe Sabel's combination shoe and
Reto-Lok splint, won't you also pass along

the good news about the $6.50 savings? SABEL,S

Write for suppiy of courlesy lolders
to give ta mother to help her understand the
benefits of the prescribed shoes and brace.

TYELEEEE T Y
ey TSR
- h

ROTO-LOK

FATENT APPLIED FOR

SABEL DIVISION, R. J, PCTVIN SHOE CO,, BROCKTON, MASS, 02402

h 4
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Journal Gift Subscriptions

Although it has traditionally been possible to obtain gift
subscriptions to the AOPA Journal, an innovation has been
introduced this year. A gift certificate (shown below) is
being sent to the recipient of the gift subscription in the
name of the donor.

To order gift subscriptions, send a list of the names and
addresses of those to whom you wish the Journal sent, and
the National Office will do the rest.

$4.50 per year is the gift rate.

american
orthotic &

association

prosthetic

GIFT CERTIFICATE

A gift subscription to Orthotics and Prosthetics, the
official Journal of the American Orthotic & Prosthetic Asso-
ciation, has been entered in your name by

- e 7 ?

-~y

L; e (/- /7 (;_:-’-,".‘_/4// C;—:» /..'(’/%Vg/

L 7

We are happy to include you among our many readers
and know that you will find the Journal interesting and
informative.

The Editor

xiv
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KINGSLEY

MOLDED
SACH FEET

THE FULL MOLDED FOOT

PRODUCTS

COSMETIC GLOVES

THE STANDARD OF

THE INDUSTRY

STANDARD COLORS

AVAILABLE IN 12 DIFFERENT SHADES
TO FIT EVERY REQUIREMENT.

LAMINATED FEET

WE *'SPECIALIZE IN SPECIALS"
FOR YOUR SPECIAL CASES

ingsley mfg, co.

1984 PLACENTIA AVENUE « COSTA MESA, CALIFORNIA
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Prescribed
most

frequently

MYQO COLLAR one piece unit with overlepping upper
and lower parts, for varying degrees of extension
(Four sizes)

EXTENSION & FLEXION COLLARS combinations from
only three sizes each, of adjustable and non-adjustable
units give practically all sizes and degrees of exten-
sion or flexion

MYO-VENT COLLAR stable one-piece split extension
collar, ventilated, adjustable (Five sizes)

A wide variety of models assure adequate
immobilization and support of neck and head
in optimum position. Lightweight, ventilated,
inert polyethelene body. Closed cell expanded
neoprene padding, Contact surfaces viny!-
coated knit fabric resistant to body secretions
and non-allergenic to practically all patients
Snap fasteners or Velcro. For illustrated
catalog, write Florida Brace Corporation,
P.O. Box 1299, Winter Park, Fla. 32789.

CERVENT COLLARS availabie in extension & flexion

models, for use where prolonged extension or flexion =
is indicated (Four sizes) *E. F | ',OR][]DA

i{g BRACE

CORPORATION
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A Fiberglas-Epoxy
Drop-Foot Brace

by

James T. Hill and Allard L. Fenwick'

INTRODUCTION

It is generally believed that an
appliance for the correction of drop-
foot deformities should substi-
tute for specific weakness only,
and leave all other muscles free
to act normally (1). A flexible
appliance is preferred to a fixed
or rigid device to allow as much
freedom of motion of the forefoot
and ankle as possible to enhance
comfort, endurance and gait.

In this paper, the design and
fabrication of a flexible plastic
drop-foot brace which meet these
criteria are described, and patient
reactions are presented.

BRACE DESIGN

In the plastics drop-foot brace
design, fiberglas-epoxy composites

'U. S. Army Medical Biomechanical
Research Laboratory Walter Reed Army
Medical Center, Washington, D.C. 20012.

orthotics and prosthetics

in rod form are used to duplicate
the function of the metallic up-
rights and ankle joint in the con-
ventional brace, thereby elimi-
nating the need for a spring-loaded
joint. By varying the diameter of
these plastic rods, the degree of
medial-lateral stability required
may be accomplished with the
accompanying change of force re-
quired for dorsiplantar flexion.

Toe lift is controlled by inter-
changeable shoe adaptors avail-
able with precut angles as required.
The adaptors are coupled either
to a shoe plate or a bar that fits
into a conventional shoe channel.

The rods are connected at their
proximal ends to a leather calf-cuff
by insertion into sewn pockets.
When maximum medial-lateral
stability is required, a molded
fiberglas-epoxy calf band s
attached to the rods and covered

1
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with a leather cuff. Figs. 1-4 illus-
trate the brace and shoe attach-
ment.

DESIGN MATERIALS

Since it is desirable to fabricate
the strongest, lightest, and most
durable brace possible, strength-
to-weight ratio and flexural fatigue
strength are the most important

materials and design considerations.

Fiberglas-epoxy composites offer
great flexibility of design due to
their extremely high strength-to-

FIGURE 3—Lateral view of plastics brace at
heel contact.

weight ratio. The specific com-
pressive strength of these com-
posites is 2.8 times that of steel
and 3.7 times that of aluminum (2).
From a practical standpoint, this
allows the brace designer a wide
latitude for application. In a case
where strength is of prime impor-
tance, a brace could be constructed
almost three times the strength
of steel with the same weight. At
the other extreme, when reduction
of weight is critical, a brace can
be constructed as strong as alumi-
num but weighing only one-fourth
as much. These comparisons show
that braces may be designed both
stronger and lighter than either
steel or aluminum.

The superior fatigue performance
of fiberglas-epoxy composites can
best be illustrated by a comparison
with the fatigue and flexural
properties of steel and aluminum.

The fatigue strength of fiber-
glas-epoxy composites (unidirec-
tional filaments) is 36,000 psi at
10 million cycles, while spring
steel and aluminum are 33,000 psi

FIGURE 4—Individual plastics brace com-
ponents., Top to bottom: 1) Calf cuff; 2)
Fiberglass rods with adaptors; 3) Channel
bar.

l
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and 27,000 psi, respectively, at 10
million cycles. The specific fatigue
of the fiberglas-epoxy composite
is almost five times that of steel
and over twice that of aluminum
(3).

Notch sensitivity can be very
important in fatigue applications,
particularly with springs subjected
to scratches and nicks which occur
in brace application. These lead to
premature fatigue failures. Rein-
forced plastics are far less notch
sensitive than most metals. Alumi-
num retains only 37% of its original
fatigue strength, steel 43-47% of
its original strength, while fiber-
glas-epoxy composites retain 80-
909 of their original fatigue
strength.

The properties of fiberglas-epoxy
composites compared to those of
aluminum and steel make them an

obvious choice for brace fabrication.

BRACE FABRICATION
Fiberglas-Epoxy Rods

The fiberglas-epoxy rods are
fabricated from Scotchply* Rein-
forced Plastic, Type 1008. This is
an epoxy-fiberglas preimpregnated
material that comes in rolls up to
48" wide.

The rods are fabricated as fol-
lows:

Cut strips of prepreg tape 1 to 2
inches longer than desired length
of rod. (19-inch rods would be long
enough to fit 97.5% of the adult
male population) (5). The number
of strips of tape required is depend-
ent on the desired diameter of the
rods. Below are tabulated the

* Minnesota Mining & Manufacturing
Co., St. Paul, Minn.

4

strips of tape required per rod for a
given diameter.

Desired
Diameter

5/32 inch

Prepreg
Required

1 strip—1%2"

width
1 strip—1%2"

width plus
1 strip—%"'

width
2 strips—1 2"

width plus
1 strip—%"'

width

Take a strip of 1%2" tape, re-
move the release paper and lay on
a flat surface. Roll the tape longi-
tudinally as tightly as possible
(there should be no visible hollow
core in the center) until a round
rod is obtained. If necessary, roll
additional pieces of tape around
this rod until the desired diameter
is obtained.

To insure maximum strength of
the attachment of the rod to the
shoe adaptor, the diameter of the
rod is increased over the last 42"
to a maximum of %". This is
accomplished by wrapping tri-
angular pieces of prepreg around
the ends of the rods.

For a’/s" rod, cut a triangle

4% long X 2% high.
For a’/i"" rod, cut a triangle
4%" long X 1% high.

Remove the release paper and
wrap the triangular prepreg
around the end of the rod in such
a manner that the 4% side runs
along the rod when you start to
roll this piece around the rod. Roll
the piece around the rod. Next,
spirally wrap the rod with 1"
wide release tape applying slight,

*/1inch

Y4 inch
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but uniform, tension during the
winding. Tedlar,* polyvinyl alcohol
and Scotchplyt XP-242 release
films have been successfully used.
After the rod has been wound,
seal both ends to prevent leakage
of the epoxy. Transparent adhe-
sive-backed tape is excellent for
this purpose. Lay the rods on a
flat surface and cure for 2 hours at
160° =+ 10° C. (320° &= 18° F).

Calf-Cuff

For those patients who don’t
require a rigid calf band, only a
leather cuff is necessary. A 3" wide
cuff should be adequate. It is made
in the wusual manner utilizing
either straps or Velero fasteners.
Leather pockets are sewn on the
medial and lateral aspects of the
cuff to accommodate the rods.

Rigid Calf-Band

In those cases where a rigid calf
band is required, the following
procedure should be followed:

1. Determine the diameter of
the patient’s leg 1'%" below the
head of the fibula.

2. Using this diameter, draw a
half circle on a 12" to 2" thick
piece of wood.

3. Draw a line parallel and equal
in length to the diameter "
away from the diameter on the
outside of the half circle. Connect
the ends of this new line with ends
of the diameter. Cut out the entire
enclosed area. This will provide
a form for the calf band.

* E. I. duPont deNemours Co., Wilming-
ton, Del. Film Dept.

+ Minnesota Mining & Manufacturing
Co., St. Paul, Minn.

orthotics and prosthetics

4. Tape a strip of """ thick,
40-70 durometer silicone sheeting
over the perimeter of this form.
Cover this sheeting with release
film.

5. Stand the form on its flat
edge. Cut a strip 1%" wide of
prepreg tape to fit around the
exposed perimeter of the form.
Remove the release paper and lay
onto the form. Next, cut pieces
of 1%" prepreg 12" long and lay
the fibers 90° (perpendicular) to
the fibers of first prepreg and fill
in all around the band. Continue
the buildup, alternating the fibers,
until there are 9 layers.

6. Put a piece of release film over
the final layer of prepreg tape.

7. Cover the release film with
/22", 70 durometer silicone sheeting
and place the entire layup into a
polyvinyl alecohol vacuum bag.

8. Cure the layup for 2 hours at
160° + 10°C (320° + 18°F) under
25-30"" vacuum.

9. Remove cured calf band from
the form and sand the edges
smooth.

Attachment of Rods to
Rigid Calf Band

In order to attach the rods to
the calf band, the ends of the rods
must be first built up as described
below:

1. From 1'2" wide prepreg tape,
cut 4 pieces 1'2" long and 7
pieces %' long.

2. Lay up these prepreg tapes
around rod as shown in the diagram.
The fibers in the 1% X 1"
pieces run in the same direction
as the rod. The %' X 1'% fibers
run 90° to the rod.
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3. After the prepreg tape is
wrapped around both rods, lay
the rods on a piece of wood that
has been covered first with'/is "
silicone sheeting, then a piece of
release film. The rods should be
placed so the buildups are facing
in opposite directions. This will
insure proper alignment of the rods

on the calf band.

4. Cover the buildup with release
film, then '/s2’, 70 durometer sili-
cone sheeting, place in a vacuum
bag and cure for 2 hours at 160° %=
10°C (320° £ 18°F) and 25-29"
Hg vacuum. Sand the edges of the
cured buildup.

5. Place the plastic calf band on
the patient’s leg and align the rods.
Mark the location of the rods on
the band.

6. Rivet or cement the rods to
the calf band. If cement is used,
the following formulation is very
satisfactory:

Epon*815 ... 4 parts
Curing Agent
T-1 1 part
As required to
make a paste

* Shell Chemical Co., New York, N.Y.

Shoe Adaptors and Shoe
Plate

The design of the shoe adaptors
is shown in Figure 1. Although this
design is for a 5° or 10° lift, slots
may be made for any angle of lift
required. The shoe plate is shown
in Figure 2.

Brace Assembly

The patient’s shoe may have
either a conventional flat channel
attached, or a shoe plate similar to
the one shown in Figure 2. The
plate or channel may be attached
with rivets or the cement formula-
tion given above.

If the channel is used, cut a flat
bar of aluminum to fit the channel
and extend /;4’ beyond the channel
on each side. If the shoe plate is
used, cut the extending medial and
lateral pieces /i’ beyond the edge
of the heel. Drill " holes %'’
from the ends of the channel bar
or shoe plate. Next, determine the
proper rod length by actual
measurement on the patient. Cut
off ¥2"" from the tapered end of the
rod. Cement the tapered end into
the shoe adaptor using Epon 815,
4 parts and curing agent T1, 1
part. Allow the cement to cure
for 1 hour at room temperature
plus 30 minutes at 50°-65°C (120°-
150°F) or overnight at room tem-
perature.

Attach the shoe adaptors to the
shoe and have the patient put
on the shoe. Determine the length
of rods necessary (% ''-1" below
head of fibula) and cut off the
excess with a hacksaw.

If the flexible calf-cuff is used,
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you need only insert the rods
into the cuff, and the brace is
ready for use. If the rigid band
is being used, sew a leather cuff
to slip over this plastic band.

EVALUATION

Plastic drop-foot braces have
undergene an 8-month trial evalua-
tion by two bilateral brace
wearers. During this period, the
following observations were noted
(7, 8).

1. The plastic braces are lighter
and more cosmetically attractive
than metal braces.

2. There is little danger of the
plastic braces interlocking and
thereby creating a tripping hazard.
The contouring of the metal
brace away from the ankle pre-
sents this interlocking hazard
with its potential of causing a
serious fall.

3. Plastic braces are so light
and flexible, one forgets he is
wearing them, Metal braces cause
fatigue when walking.

4. Plastic braces do not damage
clothing, while metal braces cause
damage to the trousers through
tears and grease spots.

5. Plastic braces allow one to
cross his legs comfortably, while
metal braces do not.

6. Plastic braces require no up-
keep, while the springs in the
metal brace require occasional
oiling and replacement.

7. Driving with plastic braces is
almost as easy as it was without
braces. Although metal hraces
are adequate for driving, they are
heavy and clumsy to move from
the accelerator to the brake pedal.

orthotics and prosthetics

8. Plastic braces provide ade-
quate medial-lateral stability yet
are flexible enough to allow walk-
ing on uneven terrain.

9. Plastic braces are easier to
put on than metal braces.

10. When one is inactive for
an appreciable length of time,
such as sitting at an office desk,
the rigidity of metal braces pre-
vents adequate flexing of ankle
muscles causing severe aching in
the calf and ankle regions. The
flexibility of the plastic brace
allows sufficient ankle motion to
minimize this effect.

11. There is no noticeable numb-
ness of feet since abandoning the
rigid metal braces.

12. If it were a choice between
metal braces and plastic braces,
plastic would be preferred.

SUMMARY

A plastic drop-foot brace of
simple design has been developed
which provides toe lift and con-
comitantly insures comfortable and
effective performance. To allow
as much natural action of the foot
and ankle as permissible and pro-
vide good gait and enhanced stand-
ing balance, it was found desirable
to employ the dual spring action
of flexible fiberglas rods to coun-
terbalance dorsiflexion and plantar
flexion (6).

The brace is easily removed,
prevents clothing damage, and
provides for an interchange of
shoes. The plastic brace is light-
weight, durable, cosmetically
attractive, and corrosion resistant.
Provisions have been made for
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altering the degree of lift as
necessary to compensate for pro-
gressive maladies.

Although the results discussed

were obtained in a limited number
of test cases, application of this
appliance to a wide range of brace
wearers appears warranted.
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The Unitized Below-Elbow
Infant Prosthesis®

by

Carl Sumida, C.P. & 0. Julie Shaperman, M.A., O.T.R.
Wallace Sumida, B.S.E.E., C.P2 Yoshio Setoguchi, M.D*

It has become accepted practice
to fit a passive prosthesis to be-
low-elbow infant amputees as
soon as they have attained stable
sitting balance. (1) In this way,
the child’s developmental experi-
ences include the prosthesis from
the beginning of his active life,
for when an infant of this age is
not sleeping or eating, he is ac-
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tively exploring his own abilities
in manipulating himself and his
world. He rolls over, pushes up
from the floor, leans on his arms
while sitting, he crawls, climbs,
and falls. He stabilizes and sup-
ports objects with his arms, clasps,
pushes and holds a wvariety of
shaped and textured objects. All of
these locomotor and manipulative
activities are enhanced or im-
proved when the infant amputee
has, and uses, a prosthesis. Early
experience with a prosthesis has
the additional advantage of pre-
paring the child for spontaneous
and skillful prehensile function
when introduced to an active pros-
thesis, at approximately 24-30
months of age.

Arm motions of an infant tend
to be gross due to the incom-
pletely matured neuromuscular




system. He flings his arms against
objects; plays in sand, dirt, wa-
ter, his food, and anything else
available. His interests often lead
him to lift loads which are very
heavy in relation to his own body
weight. The prosthesis which is
actively included in the activities
of an infant must stay on; must be
easily cleaned; certainly must be
durable; but above all must be
valuable to him in pursuit of his
interests and desires.

It has long been the practice at
the UCLA Child Amputee Pros-
thetics Project to fit infant short
and very short below-elbow am-
putees with a double wall poly-
ester laminated socket and forearm
which is pre-flexed fifteen de-
grees. The prostheses have a con-
stant friction wrist unit, full poly-
ethylene cuff attached to the
socket with rivet insert hinges, a
Dorrance 12 P or 10 P hook, and a
figure-eight harness for suspen-
sion, In other words, the present
standard procedure is to fit below-
elbow infant amputees with a
modified and miniaturized adult
prosthesis.

Unfortunately the body propor-
tions of an infant are not a minia-
turization of the adult, and his
activities and movement patterns
are not the same. The adult may
bend, lift, and reach, but never
goes through the contortions of
the infant. If the infant functions
differently from the adult, and
his body proportions are also dif-
ferent, his prosthetic require-
ments must also differ. It has long
been recognized that miniaturiza-
tion of adult devices is less than
satisfactory, but recorded obser-
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vation of activity patterns and
requirements was necessary be-
fore the functional needs of the
infant amputee could dictate a
new design criteria. Data collected
on a large number of infants with
below-elbow limb  deficiencies
over a thirteen-year period have
been analyzed in an effort to iso-
late the offending factors in the
conventional components of the
below-elbow prosthesis and to
thereby determine a new design
criteria,

These general observations to-
gether with specific functional
criteria suggested a radically new
approach in design. The standard
prosthesis is constructed on an
“‘exoskeletal” concept, in which
the supporting framework is the
exterior shell and the interior is
hollow to the point where the
terminal device is attached. In
contrast, the wunitized prosthe-
sis which was designed is hollow
only in the socket area which fits
over the patient’s stump, and the
remainder is constructed on an
“endoskeletal” concept in which
the basic structure is internal
and other materials fill the space
around it to complete the arm.

The unitized prosthesis is con-
structed largely of plastics which
have sufficient strength and dura-
bility to survive the approxi-
mately two years of infant wear.
Plastics have additional advan-
tages over conventional materials
in that they are lightweight; have
a soft appearance suggesting flesh
turgor; require little maintenance
as they are not subject to corro-
sion; and are less expensive. To
fulfill the general design crite-
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ria components were developed
which, when combined, create a
unitized arm (2). These compo-
nents are not applicable individ-
ually to standard prostheses as
they are inter-related to each
other. Design criteria were estab-
lished by considering each com-
ponent separately.

TERMINAL DEVICE

Observed Needs and
Problemns

When the adult hook is re-
duced in size for an infant, some
of its excellent features become
distorted or reduced in effective-
ness. The infant with his inexpe-
rienced eye-hand coordination
cannot easily place objects pre-
cisely into the hook. Objects
therefore often wobble precari-
ously between the two unyield-
ing “fingers” opposing each other

in a scissor-type motion. This
skill in eye-hand coordination
will improve with maturation

and of course can he improved by
occupational  therapy  sessions,
but until acquired its lack often
results in frustration.

The “‘cant” of the hook is lost
in the very small sizes and the
stationary finger is designed to
curve ahbove the moving finger for
no apparent reason, so that the
only objects which can be held
securely are long, thin objects
which utilize the “thumb” for
three-point stability.

Children prefer to play with
large objects, but the opening of
the hook is very small. Neuro-
muscular ability to open the hook
is poor yet the need for prehen-
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sion force is great. Plastisol cover-
ing on the small size models is
helpful for gross non-prehension
stabilization and for clasping, but
the plastisol is too slippery to
hold objects in the hook with se-
curity and confidence.

Design Criteria

The terminal device for in-
fants should be capable of hold-
ing haphazardly placed objects
securely and should resemble the
cable controlled device to facili-
tate later transition from the pas-
sive to an active prosthesis (3).
Rather than having a scissor-like
action, it would be preferable for
the terminal device to simulate
the function of a two-finger-to-
thumb grasp position of the hand.
The device should have a large
opening span and increased pre-
hension grip without requiring a
commensurate increase in strength
on the part of the infant to oper-
ate it. This would be possible
through the use of increased sur-
face contact and resilient mate-
rials. Enough friction is required
on the outer surfaces of the device
to assist in stabilization.

Component Designed

A terminal device was designed
consisting of a wide curved finger
section which extends from a
broad base and stud, and a thumb
which is a narrow curved projec-
tion hinged to the base. The dis-
tal portion of the finger section is
covered on both sides with neo-
prene crepe. The palmar sur-
face is contoured. The thumb is
covered with rubber tubing. The
device simulates the grasp pat-

n



FIGURE 1—Terminal device,

tern of slightly flexed fingers op-
posed by a moving thumb. The
width, resiliency, and friction of
the neoprene covered finger sec-
tion provides increased prehen-
sion stability. The narrow thumb
allows good wvision of objects
grasped. The size of the opening
1s comparable to that of the Dor-
rance 99 X hook while the total
terminal device length is only as
large as the Dorrance 10 X hook.
The basic device is made of Del-
rin* and, when inserted into the
wrist unit, is the same circumfer-
ence as the distal forearm, creat-
ing a continuous flowing line to
the arm. In addition, this termi-
mal device can be used on either
the right or left side (see Figure
19

* Delrin, E. I. DuPont De Nemours and
Co., available at plastic distributors.
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WRIST UNIT

Observed Needs and
Problems

Although pre-positioning is be-
yond the skill and understanding
of the infant, parents and thera-
pists occasionally desire to position
the terminal device for specific ac-
tivities. This little used compo-
nent adds terminal weight to the
prosthesis, but some connection is
necessary between the terminal
device and the forearm to permit
exchange of terminal devices.

Design Criteria

A lightweight constant fric-
tion wrist rotation unit without
complex external adjustment is
needed, made of a material that
is inexpensive and requires min-
imal maintenance.
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Component Designed

A wrist unit was made from a
rod of nylon having a 1" outside
diameter. When the thread was
cut internally into this rod the
final %" was diminished in depth
to provide resistance. As the ter-
minal device stud goes into the
wrist unit it meets the section
with less thread depth. Because
the nylon of the wrist unit is a
softer material than the Delrin of
the terminal device, the threads
yield under pressure, providing
the desired amount of friction.

SOCKET

Observed Needs and
Problems

When a very short below-elbow
stump flexes beyond 90° it tends
to retract into the antecubital
fold, thus reducing the effective
leverage area, permitting the
stump to pop out of the socket.
Rivet hinges which permit hy-
perextension can also result in
loss of stump hold. Sometimes a
figure-eight epicondyle strap will
hold the stump in the socket, but
this device markedly limits the
range of forearm motion.

Adjustments are needed to
maintain proper fit on the chang-
ing size and shape of the growing
infant’s stump. From six months
to two years of age, stump cir-
cumference increases only 0.5 cm.,
but changes in shape and contour
occur due to loss of baby fat and
definition of musculoskeletal struc-
tures. Only limited modifications
are possible with a conventional
prosthesis to accommodate these
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changes. Thicker laminated areas
may be ground out, but this is
inexact, because the position of
the stump in the socket changes
with growth.

Design Criteria

Maximum loading is tolerated
at 90°, but flexion beyond 90° re-
sults in loss of purchase on the
stump. The socket was therefore
designed for total contact to re-
tain maximum purchase on the
stump by taking the cast at 90°
of flexion. To insure that the
stump does not flex beyond 90° a
high cut rolled trim line was de-
signed to act as a stop to further
flexion.

Lexan,* a completely transpar-
ent thermoplastic material which
can be heated and formed directly
over a male cast, was the mate-
rial chosen for the socket. It is
semi-flexible with strong resist-
ance to impact and is very light-
weight. The transparency provides
the prosthetist with the opportu-
nity to visually examine the fit of
the socket over the stump and to
directly observe the pressure areas.
Adjustments can be made by heat-
ing and contouring the offending
location. Lexan is commercially
available in tubular shape /5"

thick with inside diameters of
1%" or 24",
FOREARM
Observed Needs and
Problems
It is difficult for an infant to
stabilize objects against the
* Lexan, Chemical materials division,

General Electric Co., Pittsfield, Mass,
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smooth, hard texture of a lami-
nated plastic forearm. Pushing up
from the floor or leaning on the
forearm while crawling are pre-
carious activities for infants with
these slippery forearms and it is
uncomfortable to roll over or fall
on a hard surfaced prosthesis.
Leaning and crawling on hard sur-
faces with a hard forearm causes
wear on clothing, and the pros-
thesis clatters when placed on a
table.

During the period from six
months to two years of age, fore-
arm length increases 5.0 e¢m. (4),
but the conventional prosthesis
can be lengthened only by sub-
stituting a larger terminal device
for a smaller one.

Design Criteria

Some form of friction surface is
needed for the forearm. Polyvi-
nylchloride (PVC) and leather
gauntlets which are sometimes
applied are unattractive and do
not stay in place. It is desirable to
have a pliable surface that yields
and allows contouring when the
child falls or clasps an object,
functioning similarly to the skin
of the human arm. Soft, textured
forearms would also reduce im-
pact noise and wear on clothing.

Observation of infants with
unilateral below-elbow amputa-
tions has led us to believe that
they need to flex their forearm
beyond 90° but do not necessarily
need a full 135° of flexion. Sim-
ilarly, full extension and even
hyperextension which are some-
times permitted by conventional
protheses are not needed as these
children have free shoulder mo-
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tion and another sound arm. The
forearm should therefore be
placed in the most optimal func-
tional range which will allow the
child to manipulate his terminal
device within a range of approxi-
mately 20 to 120° of flexion.

Component Designed

The forearm consists of a 1" in-
side diameter central tube of
Lexan which 1is covered with a
foam filler and an outer sleeve.
The Lexan tube is flared to con-
form to the rounded socket end.
The forearm is honded to the
socket at approximately 30° of

30*

FIGURE 2—Pre-flexion angle of the
forearm.
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pre-flexion (see Figure 2). The
length of tube added to the socket
determines the length of the fore-
arm section of the prosthesis, as
the wrist unit fits inside the tube
rather than adding to its length.

A foam material made of a light-
weight compound of polyurethane
is used to fill the space around
the forearm tube and to complete
the contour of the forearm from
the socket to the terminal device.
It is wider at the proximal end, as
it needs to conform to the girth
of the widest part of the socket,
and it tapers at the distal end to
the desired girth of the wrist.
Made with a hole in the middle,
it slips over the Lexan forearm
tube, The prosthetist cuts it to
the correct length and shapes the
proximal end so it fits up against
the base of the socket. He also
shapes the outer contour to taper
to the desired size. It is not nec-
essary to provide any permanent
attachment of the foam to the
arm, for it stays in place well. It
can be slipped off easily for re-
pairs.

Covering the foam filler is a
sleeve made of RREP.* Sleeves of
PVC were tried and although
they were flexible, gave good fric-
tion, and had an attractive appear-
ance, they tore and stained easily.
RREP is slightly less frictional
and flexible but it is more stain
resistant and does not tear as
easily. Replacing the sleeve is a
simple and relatively inexpensive
procedure. However, even RREP

* Plastic formula developed by the U.S.
Army Medical Biomechanical Research
Lahoratory, Walter Reed Medical Center,
Forest Glen Section, Washington, D.C.
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stains more than is desirable. The
sleeve covers the entire prosthesis
up to the socket brim, giving the
arm a finished appearance. It con-
ceals and encloses all parts and
provides a look of continuity (see
Figure 3).

CUFF

Observed Needs and
Problems

No change in design was felt to
be necessary as the only objection
to the polyethylene material is
that it tends to elongate at points
where hinges are attached.

Design Criteria

Cuff material which is more
cohesive than polyethylene but
otherwise has similar properties
should be explored.

Component Designed

The cuff is a standard full cuff
with a snap in the front. It is
made of Ortholent which is /i "
thick, flesh colored, medium- to
high-density plastic. Polyethylene
opaque of medium density can be
used but Ortholen was found to
have less tendancy to elongate
and therefore rivets do not tend
to pull through as easily. The
cuff was made so it did not ex-
tend high into the axilla area. It
was attached to the socket by
rivet hinges which lie just inside
the cosmetic covering.

T Kellogg Corset Company,
Michigan.

Jackson,
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FIGURE 3—Forearm: Components separated and together.

SUSPENSION

Observed Needs and
Problems

For infants, the primary func-
tion of the harness is to suspend
the prosthesis, but because of the
soft, rounded body contours, effec-
tive suspension is difficult to
achieve. The soft body tissues of
an infant are easily marked and
displaced by tight straps, so that
when the conventional harness is
tight enough for good suspension,
redness and eventually a callous
formation on the skin may result.
To avoid these undesirable effects,
the harness must be fitted care-
fully which is difficult to achieve
due to the lack of well-defined
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skeletal and muscular structures;
and difficult to maintain due to
the constant physical changes re-
sulting from growth.

Since an infant’s first motions
are primarily lateral and initiate
from the shoulder, the front sup-
port strap of the conventional har-
ness often slides off the shoulder.
A front chest strap therefore must
be added to prevent this from
happening. Unfortunately the ex-
tra strap restricts freedom of arm
movement.

Because of the rapid increase
in the chest circumference of an
infant, the conventional harness
requires frequent adjustment.
From the age of eight months to
the age of two years, chest cir-
cumference increases approxi-
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mately 5.0 cm (5). Data on a group
of twelve infants showed that all
together they required fifty-one
harness releases in one year from
their first to their second birth-
days, averaging a harness adjust-
ment approximately every 2.5
months (6).

Design Criteria

A harness should be made
which will provide direct counter-
forces to supply vertical suspen-
sion of the prosthesis. The har-
ness should not fall off the
shoulder, cause axilla pressure,
require critical fit in the chest
area, or need frequent adjustment.
It should allow a maximum of
shoulder motion and, as with any
harness, a minimum of straps
would be desirable.

Component Designed

The harness was made of %"
dacron tape and nylon utility cord
(see Figure 4). It consists of a
chest strap, over-shoulder strap,

axilla cord and swivel tab. The
over-shoulder strap and axilla cord
together form a suspension loop
which fits on the prosthetic side.
The swivel tab slides on the ax-
illa cord permitting free arm
movement, This tab snaps to the
cuff and is the only attachment
point by which the harness sus-
pends the prosthesis.

Vertical load forces are carried
by the suspension loop which is
fitted tightly enough to prevent
the socket from being pulled off
the stump. The nylon axilla cord
must not bind the axilla and usu-
ally lies about one inch below it,
allowing freedom of arm flexion
and extension. It does not limit
abduction if the swivel tab is set
high enough.

The function of the chest strap
is to retain the suspension loop
on the shoulder and take care of
lateral extended loads that are
placed on the prosthesis. There-
fore, it need not be fitted snugly
around the chest and can allow
enough slack for several fingers

FIGURE 4—Harness.
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to be placed under it and still be
effective.

CARE AND REPAIR

Observed Needs and
Problems

Care and repair required for an
infant’s prosthesis is considerable
due to the growth and varied ac-
tivities. Adults who used their
prostheses similarly would be
considered extremely heavy duty
users of their limbs, Care of a con-
ventional prosthesis requires reg-
ular cleaning and lubrication of
the metal parts to prevent rusting
and wear on moving components.
Repair of the conventional pros-
thesis may involve relamination;
repair of the broken part; or re-
fabrication of the entire pros-
thesis,

Design Criteria

Simplified, low-cost repair pro-
cedures for infant prostheses are
needed. Inexpensive, standardized
parts which would permit simple
replacement would be desirable,
Materials which clean easily and
would not require lubrication
would simplify care problems.

Components Designed

Other than the socket, cuff,
and harness, all parts of the unit-
ized prosthesis were designed to
be prefabricated and thus simple
and inexpensive to replace. All
metal except for three snaps have
been eliminated. This extensive
use of plastics allows the pros-
thesis to be scrubbed well with-
out fear of rust or corrosion.
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PROFESSIONAL
REQUIREMENTS

Observed Needs and
Problems

Infants, with their soft rounded
contours, small size, and activities
which demand extreme ranges of
motion, make prosthetic fitting a
challenge to the prosthetist. Often
prostheses are not uniform in
quality, resulting in unpredict-
able wear and use patterns. These
limbs take as much time and more
skill to fabricate than adult pros-
theses, yet families are reluctant
to pay large sums of money for
infant prostheses. A prosthesis is
needed which will eliminate as
much human error in its fabrica-
tion as possible.

Design Criteria

With less need to individualize
prostheses, more uniform results
could be expected. If standard
production techniques were em-
ployed and individual components
prefabricated, assembly should be
easier, require less time and skill,
and be less expensive.

Components Designed

The unitized arm has been de-
signed to utilize primarily pre-
fabricated plastic parts. The pri-
mary skill still required is in
taking the wrap and shaping the
socket. Simplified methods for
cast taking and harness manufac-
ture have been designed to fur-
ther provide quality control.
These methods are being tested
but results to date are inconclu-
sive.

September 1968



WEIGHT

Observed Needs and
Problems
One objectionable characteris-

tic of the standard below-elbow
prosthesis has been its weight (7).

Although some of these little
prostheses weigh only eight
ounces, they often seem very

heavy in relation to the muscula-
ture available to manipulate
them. With experience and mat-
uration, infants fitted with these
prostheses have been observed to
adapt well to them and to eventu-
ally become proficient users. Nev-
ertheless it would be helpful if
the weight of infant prostheses
could be reduced and redistribu-
ted so that it is not concentrated
at the distal end. When 33¢: of
the prosthetic weight is in the
terminal device, a potential haz-
ard exists from the random bang-
ing of the infant’s arm against
furniture, windows, and people.

Weight demands an unnecessary
amount of energy expenditure;
does not contribute to efficiency
of motion; is non-functional and
actually  decreases  functional
range. It does not seem to assist
in balance and appears to inhibit
use of the arm.

Muscular development of the
affected side seems to be influ-
enced by use and activity. Mere
resistance against gravity is not
effective. With lighter weight,
use should increase and muscle
development become more sym-
metrical.

Design Criteria

A lighter weight prosthesis
with a more natural distribution
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of the weight should be devel-
oped.

Component Designed

Total weight of the wunitized
prosthesis has been approxi-
mately six ounces, representing
an average 25%% reduction in
weight as compared to the con-
ventional prosthesis.

APPEARANCE

Observed Needs and
Problems

Conventional prostheses appear
metallic and clumsy to parents
of infants. The hook shape may
frighten other children and ap-
pear to be a weapon. The pros-
thesis has a ‘“hard, cold” ap-
pearance and texture. Parents are
concerned at first about the po-
tential danger of the hook, wear
on clothing, and damage to furni-
ture. Acceptance of the prosthesis
is usually in relation to the func-
tional advantages of having any
prosthesis over none at all.

Design Criteria

infants should
pleasing, less
weapon-like, and eliminate the
suggestion of “Captain Hook”.
Rather than appearing mechani-
cal they should appear aestheti-
cally pleasing with flowing lines.
They need not attempt to look
like real body parts, but should
not attract attention. They should
have a pleasing color without in-
curring the expense entailed in
precisely matching the color of
human skin.

Prostheses for
appear  more
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Components Designed

The unitized prosthesis appears
to be one continuous piece. It
does not have an obvious separa-
tion between the terminal device
and the forearm. The terminal de-
vice is not hook shaped. It does
not look like a body part, but
does not attract attention. Except
for the snap on the cuff and two
snaps on the harness, all metal has
been eliminated, thus making the
prosthesis appear less mechanical
and more pleasing for babies. The
forearm cover is made in standard
arm and leg color and does not
attempt to match each child’s
skin. The softness and pleasing
color also reduce the metallic ap-
pearance, making this arm more
appropriate for this age group.

EVALUATION

To determine the extent to
which the unitized prosthesis sat-
isfies the design criteria, six in-
fants were fitted with unitized
arms at the Child Amputee Pros-
thetics Project. They wore unit-
ized prostheses from their initial
fitting at between eleven and
fourteen months of age until the
evaluation period of from four-
teen to twenty-one months was
completed. At that time all were
converted to conventional pros-
theses with Dorrance 10 X hooks.

All six infants in the study had
unilateral congenital below-elbow
limb deficiencies. All were seen
monthly on an out-patient basis
through the period of their partic-
ipation in the study. Parents re-
quested additional appointments
for repairs if they were needed.
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Detailed data was maintained on
all components and on the fit and
function of the prostheses through-
out the study period.

Terminal Device

Much as they do with a conven-
tional plastisol covered hook, the
infants used the terminal device
primarily for stabilizing objects
and themselves in manipulative
and locomotor activities. There
was natural use of the prosthesis
and terminal device for holding
down objects and clasping objects
between the terminal device and
sound hand.

The curve of the experimental
terminal device was often used ef-
fectively when it served to prop
long protruding objects held un-
der the arm and it also curved
over the objects it held down,
causing a very effective hold.
When supinated, it was used as a
scoop and in any position was
leaned upon for crawling, sitting,
and pushing up from the floor.

Several of the children manu-
ally opened the terminal device
and, when it was held open by an
adult, they would place objects
into it. This was gross placement,
but objects stayed in place and
did not fall out. Only %"’ of rub-
ber band tubing was used, pro-
viding % of a pound of prehen-
sion force. The fact that objects
did not fall out of the terminal
device when held with such min-
imal rubber band loading was
highly promising for function in
the period when the terminal de-
vice will be actively operated.

Material used in the terminal
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device appeared generally satis-
factory. The major problem oc-
curred with the neoprene crepe
covering which absorbed dirt and
wore through along the edges and
at the tip of the dorsal surface
where the children used them a
great deal. Records showed that
the neoprene crepe covering
needed to be replaced at an av-
erage rate of once every three
and a half months.

Three of the terminal devices
broke at the stud when the chil-
dren fell on them. This weakness
is felt to be due to the individual
tabrication technique and it is be-
lieved they will be less likely to
break when design changes are
made in this area by increasing
the thickness.

Wrist Unit

For most activities the terminal
device was left in a position part
way between pronation and mid-
position, Although the wrist unit
was not used a great deal, it was
considered an important compo-
nent for those few activities in
which parents or therapists
needed to position the terminal
device. In all six cases, the wrist
unit held friction well and the ter-
minal device turned smoothly
throughout the range of motion.
The wrist units required no main-
tenance, but it was considered im-
portant to carefully insert the ter-
minal device into the wrist unit
to avoid stripping the threads. In
no case were the threads stripped.

Socket

Design of the socket effectively
prevented stump pop-out. No
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accessory straps were required
even though five of the six infants
fitted have very short stumps
with an average length from epi-
condyle to tip of stump of only
21", The longest stump was 2% "
and the shortest was 2. All six
infants wore stump socks. Two,
who tried periods of wearing the
prosthesis without a sock, found
the Lexan uncomfortable when
they began to perspire. Trans-
parency appeared to be a distinct
advantage in determining fit of
the socket during use and in as-
suring that load tolerance was as
desired.

Cracking appeared in the ma-
terial with two prostheses after
eight months of wear and with one
prosthesis after sixteen months of
wear. Strangely, the cracking did
not occur at points of obvious
stress. The exact cause of this
cracking at present has not been
identified.

Forearm

All of the children were fitted
with approximately 30° of forearm
pre-flexion. They could all
straighten their arms enough to
lean on the terminal device while
sitting on the floor, and they could
all flex their forearm well past
90° to clasp objects.

Shrinkage, twisting, soiling and
tearing occurred with the use of
PVC as a forearm covering, and
all were replaced with RREP
coverings which were commer-
cially molded and stayed in place
well. RREP coverings resisted
tearing well, did not shrink or soil
as much as the PVC and were gen-
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erally more satisfactory. Three
RREP coverings were replaced due
to soiling although the most per-
sistent soil problem came from
ball point pen ink.

The core of Lexan tubing
cracked on one prosthesis after
eighteen months of wear. As the
crack was near the wrist unit its
cause 1s probably related to the
same factor that caused the Lexan
sockets to crack.

Foam forearm fillers were dura-
ble and functional. Four of the six
patients wore their prostheses at
the beach or into the swimming
pool. The covering needed to be
pulled back so the foam could be
cleaned and dried after these ac-
tivities to prevent rotting and de-
terioration from wmoisture. The
foam fillers used initially were
considerably softer than the ones
that were produced later. The
firmer fillers provided less resil-
ience but were more durable.

Function of the textured resil-
ient forearm was excellent. Fric-
tion provided by the texture and
resilience aided secure clasping of
objects, provided security when
children leaned on the forearm,
and gave excellent grip on furni-
ture or other obstacles which chil-
dren climbed upon. Contouring of
the forearm was not visually ap-
parent except when a firm grip
was made on objects or when body
weight rested upon it as in climb-
ing.

Suspension

The harness was stable and com-
fortable for the children. Freedom
of arm movement was especially
evident when dressing the child
and when the child was engaged
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in play activities. Infants were at
various stages of crawling, walking
and climbing. Their postures for
these very gross body movements
place the arms in extreme posi-
tions of abduction, external rota-
tion, and circumduction. They
place considerable body weight on
their arms in all these positions
and at no time was any restriction
in arm motion observed, nor was
there any shifting of straps during
these strenuous activities.

At times, the chest strap ap-
peared tight when it was not. Fit
was checked by placing two fin-
gers under the strap while the
child was seated. The chest strap
needed adjustment more fre-
quently than any other part of the
harmess due to rapid increase in
chest circumference during this
period. Chest strap release was
done on the average of once every
3.9 months during the study. It
was felt that the interval could be
lengthened if the prosthetist ini-
tially made the chest strap as
loose as possible without letting
the over-shoulder strap fall off the
shoulder.

The main suspension loop ap-
peared tight but did not seem un-
comfortable for the children. It
was found that correct fit of this
loop was important to the fit and
comfort of the harness, as it deter-
mines the angle at which the
chest strap rides. It was also im-
portant to comfort for the axilla
cord to begin low on the back and
yet be long enough to allow full
range of flexion and extension.

Placement of the swivel tab was
important to good comfort and
function. Dacron tape proved more
comfortable than polyethylene
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and was easier to adjust. The tab
needed to be short and high
enough to allow free abduction,
but not so short that it was uncom-
fortable. Adjustments to the sus-
pension loop and/or tab were done
approximately every six months
and not more often than three
times for each child.

Stump pop-out was effectively
prevented with these children.
The combination of forearm pre-
flexion with high brim socket de-
sign plus correct fit of the harness
made it unnecessary to have any
accessory straps. Pop-out occurred
when the main suspension loop
was too large or when its attach-
ment through the swivel tab was
too loose. The tendancy to pop
out was easily detected by pulling
the supine baby to a sitting posi-
tion by holding the terminal de-
vice and sound hand. This placed a
vertical load on the harnmess and
showed whether or not the socket
was held tightly enough on the
stump. Intimate socket fit plus
freedom of arm movement allowed
by this harness may also have
been responsible for the almost
immediate spontaneous arm move-
ments observed in these children.

Care and Repair

All of the infants in the study
wore their prostheses for a long
enough period of time to present
a clear picture of repairs required.
Seven socket adjustments were re-
quired. Three of these were aided
by the transparency of the socket
material while the other four
were to flare or re-shape the trim
line, procedures which were not
influenced or aided by transpar-
ency. All of these adjustments
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were accomplished by heating and
contouring the Lexan. It was dur-
ing the heating of the Lexan that
two forearm coverings which had
been folded back were cracked.
Following this experience, cover-
ings were completely removed be-
fore heating the Lexan.

Time required for repairs re-
lated to the availability of pre-
fabricated parts. Re-covering the
neoprene of the terminal device
took most time and would have
been considerably shortened if
these had been commercially
available during the study. Many
harness adjustments done with
this particular group of infants
were of an experimental nature
and would not be repeated with
another group.

Care of the prosthesis did not
seem to be a problem to the fam-
ilies, At first, some families had
difficulty cleaning the inside of
the base of the terminal device,
but they found that a small brush
and water did the job well. Some
of the families complained about
the need to wash the forearm cov-
ering frequently, but this was re-
duced by the use of the RREP
which seemed easier to keep clean.
One mother placed the prosthesis
in the washing machine with the
family clothes, but was advised
that hand washing was preferable.
In general, those families that
would take the trouble to clean
any prosthesis, found the unitized
arm no problem to keep clean.

Professional

Requirements

The lack of prefabricated com-
ponents in a large part of this
study made professional require-
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ments difficult to evaluate. The
prosthesis appeared simple to
fabricate when made by the de-
signer who clearly understood the
purpose and design. A second
group of infants is currently being
fitted by another prosthetist and
details of fabrication as well as
professional requirements for fit-
ting and repairs are being docu-
mented.

Weight

It was hypothesized that added
weight decreased use and control
of the prosthesis. Observation of
the six infants with the unitized
arm tends to uphold this theory.
Most of these children were ob-
served to move and include their
prostheses in activities very soon
after fitting. For evaluation of
prosthetic inclusion a small con-
trol group wearing conventional
prostheses was used. It was found
that the infants wearing the unit-
ized prosthesis included the pros-
thesis in the early phases of wear-
ing more frequently and with more
natural mannerisms than the in-
fants wearing the conventional
prostheses. It was felt that the
lighter weight was an important
contributing factor to the earlier
usage.

Appearance

Families accepted the unitized
prosthesis very well. They felt it
looked better than the conven-
tional prosthesis. Some com-
mented that the terminal device
seems to be part of the whole arm
rather than a separate piece. Sev-
eral reported being with relatives
or friends who watched the baby
play for some time before realiz-
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ing that it was wearing a pros-
thesis. The unitized arm did not
appear hard and cold and seemed
quite appropriate for a baby. All
of the families commented on the
fact the they did not experience
remarks from strangers until the
children were fitted with conven-
tional prostheses.

CONCLUSIONS

A comprehensive study of the
needs and problems of infant be-
low-elbow amputees has resulted
in development of a new pros-
thetic device based upon an endo-
skeletal concept. Criteria es-
tablished for the design of compo-
nents and the current status of
the device designed are summar-
ized:

Design Criteria

Terminal Device:

1. Weigh no more
ounces.

2. Have an opening range equal
to that of the Dorrance 99X
hook or larger.

3. Have improved prehension
qualities related to shape and
friction surface and simulta-
neously reduced amount of
force required to open the de-
vice.

4. Require less precision for ob-
ject placement.

5. Should resemble the prototype
designed for cable control.

Wrist Unit:

1. Weigh less than the conven-
tional wrist unit.

2. Require less maintenance and
care.

3. Be less expensive to manufac-
ture.

4. Maintain constant friction con-

than two
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cept of the conventional wrist
unit but utilize a simplified
mechanism.

Forearm:

1. Provide friction surface with
resilience.

2. Pre-flex the forearm to transfer
the 90 to 100 degrees of stump
motion to the more functional
range of 30 to 120 degrees of
forearm motion.

Socket:

Design to allow a stump range
of motion from 90 to 100 de-
grees without permitting the
stump to pop out.

Cuff:

Use a plastic which will not
elongate at the rivets.

Suspension:

1. Design a harness that will pro-
vide adequate counter forces
against vertical pull and hor-
izontal loading without re-
stricting range of motion or
binding soft tissue.

2. Design a harness with straps
that do not fall off the shoul-
der and that does not require
critical fit in the chest area.

Care and Repair:

1. Utilize materials that are
easily cleaned, do not require
lubrication, can be spot molded
to accommodate changes in
stump contour.

2. Design components for simple
interchange or replacement.

Professional Requirement:

Design a prosthesis which will
be easier to assemble, fit, ad-
just and maintain.

Weight:

Overall weight should be six
ounces or less, with the weight
evenly distributed rather than
concentrated distally.
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Appearance:

1. Design a prosthesis which is
aesthetically pleasing and not
conspicuous.

2. Eliminate the weapon-like,
“Captain Hook’’ appearance.

Current Status of Unitized
Prosthesis

Terminal Device:

1. Weight is 1.54 ounces.

2. Opening is 2% inches as com-
pared to the 3-inch opening of
a 99X hook,

3. Due to the textured resilient
cover and special shape, pre-
hension stability is good.
Pinch force has been reduced
from the average 1'2 pounds
of the 10X hook to % of a
pound.

4. Because the “finger” section is
1Y% inches wide in contrast to
the usual width of only % inch
of the conventional infant
hook, there is a much greater
margin of error permitted in
the placement of objects
within the hook.

Wrist Unit:

1. Smooth constant friction is
provided and the unit proved
sufficiently durable to require
no replacement during the in-
fant period.

2. Unit is made of plastic which
is inexpensive to manufacture.

3. Unit utilizes the simple fric-
tion principle of changing
thread depths.

Forearm:

1. The textured, resilient forearm
covering contours around ob-
jects, providing a secure grip.

2. Pre-flexion of the forearm pro-
vides a range of forearm mo-
tion from 30 to 120 degrees.
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Socket:

1. Socket design effectively pre-
vented stump pop-out and
allowed 90 to 100 degrees of
stump motion,

2. Material used requires addi-
tional study.

Cuff:

Elongation at the rivets did
not occur in cuffs made of Or-
tholen as the material appar-
ently does not stretch as rap-
idly as polyethylene although
it has the other satisfactory
properties.

Suspension:

1. Harness design satisfactorily
met the criteria.

2. Harness adjustments for growth
were required at approxi-
mately four-month intervals
as opposed to adjustments re-
quired every two and a half-
to three-month intervals for
the conventional figure-eight
harness.

Care and Repair:

1. The prosthesis is easily cleaned
and requires no lubrication
as it is all plastic.

2. A longer forearm tube, filler
and cover could be applied to
compensate for linear growth
on the normal side without
remaking the entire prosthe-
sis.

Professional Requirements:

1. Prefabricated forearm and fil-
lers have led to uniformity in
quality. Other parts should
provide the same uniformity
when commercially produced.

2. Socket and harness fabrication
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continue to require skill on

the part of the prosthetist.

Weight:

1. Unitized prosthesis weighs
approximately six ounces, rep-
resenting a 25% reduction from
the conventional limb.

2. Weight at the distal end has
been reduced.

Appearance:

1. Parents, without exception,
prefer the appearance of the
unitized arm to the conven-
tional arm. There is, of course,
always room for improvement.
Under a grant from the U. S.

Children’s Bureau, Research Di-

vision, arrangements are in proc-

ess to produce the terminal de-
vice from molds. When completed
the devices will be clinically eval-
uated at selected child amputee
centers throughout the United

States.

A detailed procedure for fitting
and fabricating the socket and
harness is currently under prepa-
ration, together with a descrip-
tion of the techniques involved in
making socket and harness adjust-
ments to compensate for growth.
The method of socket casting and
harness fitting differs from meth-
ods used for the conventional
prosthesis. Analysis of these pro-
cedures is currently under study
and an article on fabrication and
assembly will be prepared for
publication when these studies
are completed so that the below-
elbow unitized prosthesis will be-
come available for wider applica-
tion,
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Critique of Lower Extremity
Bracing

by

Eric Viel, R.P.T.!

INTRODUCTION

Lack of progress and poor results
in the field of lower-extremity
Orthotics are evident today. Braces
have changed little in fifty years,
yet the introduction of new ma-
terials and new concepts should
make possible the improvements
which have failed to materialize.

This is even less tolerable since
engineers now tell us that an exo-
skeleton is mechanically more
effective than an endoskeleton, and
that spacemen will someday wear
artificial exoskeletons which will
multiply the available power while
reducing energy cost (1).

1. The Key Problem: Knee
Stability
Regardless of diagnosis or condi-
tion, all paralyzed individuals to-

' Associate Director, Graduate Program,
Ecole de Cadres de Kinésithérapie, B.P.
12 60—Lamorlaye, France
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day are provided with the same
kind of brace, reason for this being
that the key problem remains knee
stability. Lower-extremity ortheses
are nothing but glorified knee
locks, slightly modified to suit in-
dividual tastes.

2. Ambulation Without
Brace

During normal human locomo-
tion, muscles of the lower extrem-
ity act upon the segments to ac-
celerate and decelerate them; they
also provide the “holding” power
which locks the joints and provides
stability. When the muscles are
totally or partially paralyzed,
“weakness”” endangers stability
and impairs control (2) (3).

2.1. When paralysis is not com-
plete, the patient may sometimes
continue to ambulate without a
brace, by modifying his method of
obtaining joint stability. For ex-
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ample, he can use recurvatum to
lock the knee.

2.1.1. This method of ambula-
tion increases energy consumption;
when the patient “throws” forward
his paralyzed limb, the shin ac-
celerates rearward abruptly. It is
deprived of power for deceleration
and/or counter-acceleration, so
that gravity itself must bring the
shin forward past the vertical. This
also results in considerable slow-
ness of displacement (see 3.1).

2.2. Vertical displacement of the
center of gravity of the body is
influenced by the increased length
of the lower extremity on the
stance side., Once the knee is hy-
perextended, the patient must
hoist his body mass higher than
when the knee remains slightly
flexed as physiologically desirable
(see 10.3). Again, the result is
higher energy cost (4).

3. Ambulation with a Brace

More severe cases need to wear
a brace with a locked knee. The
orthosis restores stability, but it
creates complex problems of utili-
zation,

3.1. During normal ambulation,
forward acceleration of the thigh
segment is counter-balanced by
rearward motion of the shin. This
bi-pendular action reduces the
amount of muscle work by trans-
fering angular momentum from
thigh segment to shin segment,
and vice-versa.

3.2. As soon as the brace is
locked at the knee, the lower ex-
tremity is changed from a double
pendulum into a single pendulum.
The increased length resists the
initiation of forward motion, ac-
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cording to the law of resistance to
angular acceleration (5) (see 4.1),
3.3. A comparison of energy cost
in ambulation with a free knee,
then with a lock added, has been
made (6) on a subject fitted with
a conventional, unilateral brace
without ischial seat. Energy cost
remained constantly higher with
the knee locked, the average in-
crease being placed at +25.4%.

4.1.Swing Phase on the Af-
fected Side

Once the foot is fixed in a neu-
tral position, the lack of dorsiflex-
ion results in a hip-toe distance
greater than hip-heel. The length-
ened limb forces the subject to
elevate his pelvis to clear the
ground; in this case, the amount of
work performed increases in pro-
portion to the height to which the
C. G. is raised (7). Moreover, the
pendular axis finds itself elevated
with regard to the ideal position
of positive Tredelenburg (4) (8).
Any amount of foot drop makes
the situation worse.

4.2. Swing Phase on the
Sound Side

During normal ambulation, at
heel strike the C. G. of the body is
descending and must be reversed
(8). If the lower extremity is rigid,
the forward momentum carries the
body over the foot; this slows down
the body and fails to provide the
knee flexion preparatory to con-
tralateral swing phase. This in-
creases energy cost (6) (9) (10).

4.3. A rational brace, making
possible a near-normal swing phase
while providing stability during
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stance phase is offered by the
UCLA functional long leg brace
(2). Thus it becomes possible to
combine stability and joint free-
dom.

5. Weight of the Brace

The weight of the orthosis is
concentrated in the distal part
{knee and ankle joints, foot plate).
This lowers the center of gravity
of the pendular segment.

5.1. Whenever the center of
gravity moves away from the ro-
tational axis (in this instance the
hip joint), the moment of inertia
increases by a quantity propor-
tional to the square of the distance
mass-axis.

5.2, Time of swing of a pendu-
lum is proportional to the square
root of its length (1/VL-L =L
where L = pendulum length).
The ‘“unipendular” segment cre-
ated by the knee lock slows down
the motion of the braced extrem-
ity.

5.3. Once in motion, the braced
lower extremity is submitted to
increased pendular acceleration.
The energy accumulated must be
dissipated by the patient who, if
paralysis of the gluteus maximus is
present, performs some abnormal
braking motion.

6. Location of the Center
of Gravity of Limb

Weight itself is not as important
as its distribution. This was dem-
onstrated by a study concerned
with prosthetic substitution of the
lower extremity (11).

6.1. Lowering the center of grav-
ity of a limb results in an increase
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of inertia (see 5.1). Inertia is the
most significant obstacle to muscle
action, in deceleration as well as
acceleration. Using a weight sliding
on a calibrated stick, Bresler (11)
was able to record the influence
of the location of limb center of
gravity. He showed that energy
cost increases in proportion to
lowering of the center of gravity,
inertia becoming proportionally
greater.

6.1.1. The same author showed
that inertia had more influence on
energy cost than specific location
of the center of gravity of the limb.
Thus, the presence of a knee lock
is a worse factor than is the weight
of the brace itself.

6.2. Starting from theoretical
premises, Staros (4) could calculate
that, if the weight of the foot and
shin sections in a prosthesis were
halved, inertia would be reduced
by 60% and energy cost by 40%.
This should apply to orthotics as
well. Even if lower extremity
braces retain the same shape, their
weight, at least, can be reduced
through use of light alloys and
plastic materials.

7. Influence  of  Proper
Alignment on Weight of
Brace

Steel uprights and thick leather
corsets could be justified if the
weight of the patient’s body were
borne by the brace. This is not
true (2) (12). The weight is borne—
with few exceptions—by the pa-
tient’s own skeleton. The brace
acts only to maintain the knee in
an extended position; this is
achieved by A-P contention.

7.1. Correct alignment is the

September 1968



result of pre-tibial pressure com-
bined with reactions at the heel
and upper thigh levels. As long as
the lower extremity is properly

held, stress on the brace is minimal.

But if vertical alignment is poor
(loose pre-tibial band, for ex-
ample), the subject ‘“sits” in his
brace and quickly destroys it.

7.1.1. Perfect alignment has
made it possible to create the “At-
telle Monotubulaire” (12) and the
“Unibar” brace (13) (14), each
utilizing a single external upright.
As regards to weight, this should
be getting close to Staros’ hypo-
theses (Para. 6).

7.2. In addition to weight re-
duction, another advantage of the
single upright brace is better align-
ment of mechanical knee and ankle
joints, including tibial torsion
along the vertical axis (see 9.2.2).

8. Movement in Lower Ex-
tremity Joints

Several complex movements
take place in the joints of the
lower extremity. As for mechanical
joints, until now they allow only
flexion-extension by  rotation
around a single axis (double-axis
joints are rare, and again permit
only flexion-extension).

8.1. Hip Joint. During ambula-
tion, the femur articulates with the
ilium:

8.1.1. in flexion, 35°+.

8.1.2. in extension, about 5°.

8.1.3. the amount of angular
rotation has not been precisely
measured, but it is essential to
normal ambulation.

8.1.4. mechanical joint: flex-
ion-extension only.

B.2. Knee Joint. The following
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movements take place (15) (16):

8.2.1. Flexion + 70°.

8.2.2. Extension: neutral posi-
tion is almost never reached,
the knee remaining slightly
flexed (5° to 20°) during stance
phase,

8.2.3. Tibial rotation around
vertical axis:

—at heel rise, 9° of internal
rotation;

—at heel strike, 8° of external
rotation.

8.2.4. Mechanical joint: knee
locked in hyperextension, no
flexion possible, no tibial rota-
tion.

8.3. Ankle Joint. During ambu-
lation, the following takes place
(16):

8.3.1. At heel rise, = 10° of
dorsiflexion.

8.3.2. At heel strike, 4= 20° of
plantar flexion.

8.3.3. Movements of the sub-
talar joint:

—just before heel rise, 6° of
inversion;

—just after heel strike, 5° of
eversion.

8.3.4. Mechanical joint: dorsi-
flexion and/or plantar flexion
either free or limited. No inver-
sion or eversion possible.

9. Problems of Alignments
With Mechanical Joints

Any alignment of a mechanical
joint is a compromise. However,
one must guard against gross over-
simplifications, such as considering
the knee joint as a hinge.

9.1. The anatomical knee joint
combines hinge and sliding motions,
the rotational axis changing in
relation to the position of the fem-
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oral condyles. This constant mi-
gration was evidenced by an X-ray
series, the conclusions to be later
controlled on cadavers (17).

9.1.1. Ideal placement of the
mechanical rotational axis at the
knee joint is impossible today; the
orthotist has no alternative but
to make use of the best possible
compromise.

9.2. At ankle level, the rota-
tional axis is approximately per-
pendicular to the path of the body
center of gravity; in this fashion
the ankle is free to plantarflex and
dorsiflex during lateral oscillation
(18) (19).

9.2.1. The mechanical ankle
joint should be aligned with the
transverse axis of the anatomical
joint. Placement of this axis is
secondary to the amount of tibial
torsion and not related to the more
or less everted position of the foot.

9.2.2. Tibial torsion takes place
during maturation of the individ-
ual, going from 2° in the newborn

to 20° or 30° at about 7 years of age.

This torsion on the longitudinal
axis places the ankle joint in a
position suited to bipedal loco-
motion (20). A measuring board
makes it easier to correct for ankle
alignment (21).

10. Interference of the
Brace with Basic Com-
ponents of Gait

Going through the basic com-
ponents of gait, it becomes easy
to note the abnormal factors in-
troduced by lower extremity brac-
ing of the conventional type (7)
(22).

10.1. Pelvic rotation around the
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vertical axis, total of 8°: made im-
possible by pelvic bands and
locked hip joints.

10.2. Pelvic tilt on the swing
side, 5°: made impossible by the
invariable length of the brace with
knee lock.

10.3. Knee flexion at stance
phase, about 15°: made impossible
by the knee lock.

10.4. Knee and ankle action
whose coordinated action elimi-
nates brutal ascent and descent of
body center of gravity—impossi-
ble because of the rigidity of the
brace.

10.5. Lateral displacement of
pelvis, bringing center of gravity
of the body on top of the foot:
often compromised by improper
brace alignment which keeps the
foot too far away from mid-line.

10.5.1. Importance of lateral
motion of the pelvis: during swing
phase the center of gravity pro-
jection comes very close to the
center of the heel on the stance
side (23).

10.5.2. The need to reduce the
lateral excursion of the pelvis ex-
plains the presence of knee valgus
in the architecture of the normal
lower extremity.

10.5.3. It is imperative to re-
spect this alignment, and not to
force the lower extremity to con-
form to a brace built straight, as
is often the case.

CONCLUSION

Braces for the lower extremity
have changed little since the days
of Von Hessing (1839-1918). By
contrast, prostheses are improving
rapidly. Thus it seems that Or-
thotics should borrow as much as
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possible from Prosthetics and make
use of the same scientific evidence.

It

is, after all, a paradox to see

that a man who has lost his leg
can walk with only a trace of limp,

when a paralyzed person whose
skeleton, at least, is intact is im-
mediately conspicuous in a crowd
and wastes considerable amounts
of energy to ambulate.
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Application of External
Power in Orthotics™

by

Hans Richard Lehneis, C.P.O.T

The application of external
power in orthotics has been ex-
plored for a number of years and
has, in certain instances, progressed
to routine clinical applications.
This paper represents an attempt
to delineate the practicability of
external power versus conventional
power and control sources. Both
modes of power have been em-
ployed on a research and clinical
level at the Institute of Rehabili-
tation Medicine, New York Uni-
versity Medical Center. The re-
sults of this experience are pre-
sented in this paper.

* This research is supported in part by
the Social and Rehabilitation Service,
Department of Health, Education, and
Welfare, under the designation of New
York University as a rehabilitation re-
search and training center.

t Associate Research Scientist, New
York University, School of Medicine and
Project Director, Orthotics Research, In-
gtitute of Rehabilitation Medicine, New
York University Medical Center.
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In choosing one power source
over the other, one must bear in
mind that external power in it-
self does not necessarily bring
about improved function. It is
generally agreed by most investi-
gators that, if at all feasible, and
if there is no appreciable differ-
ence in the functional end-result,
body power should be chosen in
favor of external power. The rea-
sons for this choice are obvious.
At the present state of the art,
body powered devices are less
complex and require, therefore,
less maintenance and are likely to
be of lighter weight. More im-
portant, the basic design of a
prehension orthosis, for example,
is identical in the type of pinch
provided, whether external or
body power is used. This means
that there is no inherent improve-
ment in the terminal function of
externally powered devices. Ex-
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ternal power is, however, indi-
cated when body power is insuffi-
cient to activate the orthosis. Con-
trol of an externally powered device
requires little force and range of
motion at the control site, but does
not provide feedback in an anes-
thetic limb. Control of body pow-
ered orthoses, on the other hand,
provides some means of feedback
because of a certain proportional-
ity of excursion and force between
the control site and the actuating
device. So far, most of the re-
search in externally powered de-
vices and their routine clinical
application has concentrated on
the upper extremity. There are,
however, a number of interest-
ing lower-extremity developments
which offer some functional im-
provements over conventional
braces.

LOWER EXTREMITY

External power applications in
lower-extremity orthotics have
been confined to a relatively small
number of designs. A likely reason
for this lack of sophistication is
that a paralytic lower extremity
can be stabilized by very simple
means, i.e., limiting or eliminating
ankle, knee, or hip motion with a
conventional brace. Although this
enables the patient to ambulate,
most conventional braces produce
an abnormal gait pattern and an
increase in energy consumption by
blocking joint motions. This may
not be of great consequence in uni-
lateral involvements but imposes
severe limitations in locomotion
when the patient is paraplegic.

This problem has been attacked

orthotics and prosthetics

by Dr. Liberson by motorizing the
hip joints of bilateral long leg
braces and pelvic belts. The elec-
tric torque motors are designed to
alternately drive the braces in op-
posite directions, thus producing
hip flexion on one side while pro-
ducing hip extension (push-off)
on the opposite side. Control of
hip motion is obtained through
switches placed in the patient’s
shoes. This development is still
in the experimental phase, but
holds great promise in future de-
velopments in providing the para-
plegic with greater mobility.

Another approach eliminating
the brace entirely has been pro-
posed by Liberson, et al., as well
as Moe and Post. It is a muscle
stimulator used in drop foot condi-
tions, due to upper motor neuron
disorders. An electrode placed over
the peroneal nerve area provides a
stimulus to pull the foot into dorsi-
flexion and eversion. A switch
placed in the heel portion of the
shoe is used to interrupt the mus-
cle activating pulse in the stance
phase of gait. The power pack
of the muscle stimulator is carried
around the waist.

An alternate solution to provid-
ing more nearly normal locomotion
with a brace is the incorporation of
a hydraulic stance and swing phase
system between the ankle and knee
joints, rather than the application
of external power (Figure 1). De-
veloped at the Institute of Reha-
bilitation Medicine, this system is
in the experimental fitting phase
at the present time. It is designed
to provide stability at the knee
during the critical period from heel
strike to mid-stance and at the
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FIGURE 1—Above knee brace with Hydra-Nu-Matic cylinder for coordinated knee-ankle
control.
FIGURE 2—The Hydra-Nu-Matic cylinder offers controlled fluid resistance to plantar flexion.
FIGURE 3—Controlled knee flexion offers a more nearly normal pattern of gait.

same time offers controlled fluid
resistance to plantar flexion (Fig-
ure 2). Plantar flexion causes the
hydraulic Auid in the cylinder to be
displaced upward, resulting in an
extension moment about the knee
joint. This reciprocating action also
comes into play in the swing phase,
where knee flexion produces dorsi-
flexion of the foot. A 90 degree dor-
siflexion stop is used for standing
stability and to substitute for
push-off. In allowing controlled
knee flexion, a more nearly normal
pattern of gait as well as a reduc-
tion in energy consumption is
achieved (Figure 3). This design
is still in the early stages of de-
velopment and more clinical ap-
plications are needed to determine
the practicability of such a design
in terms of mechanical wear and

maintenance,

36

UPPER EXTREMITY

The task of providing useful
hand and arm functions is much
more complex than that of provid-
ing ambulation by orthotic means.
Hand and arm functions are gen-
erally much more important in the
activities of daily living and vo-
cational pursuits than lower ex-
tremity function. One may, in fact,
consider the hand an extension of
the brain, as we employ our hands
not only for physical activities but
also to lend greater expression to
the spoken word and to enhance
the effectiveness of speech.

The application of external
power usually depends on the pa-
tient’s residual motor power, i.e.,
if it is insufficient to activate a
body-powered orthosis, external
power is indicated. There are,
however, conceivable exceptions to
this rule. The use of external power
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should be explored in certain ap-
plications even when sufficient
body power is present. For exam-
ple, a wrist-driven prehension or-
thosis is commonly used to pro-
vide pinch when the patient has
residual wrist extensor strength.
Although adequate body power is
available, activation of the device
involves motions not only at the
wrist but also compensatory mo-
tions at the elbow and shoulder
joints in order to maintain the
hand over the object to be grasped.
It would seem that with further
development of external power a
more efficient mode of finger pre-
hension could be obtained. On
the basis of clinical experience at
the Institute of Rehabilitation
Medicine, patients fitted with gas
or electrically-driven prehension
orthoses tend to use their devices
more regularly than patients
fitted with wrist-driven prehen-
sion orthoses. This tendency may
not only be ascribed to the fact

that externally powered orthoses
are fitted to patients who sus-
tained a cervical cord lesion above
the C 6-7 level and are, therefore,
more dependent on orthotic de-
vices. Rather, it is very likely that
functional performance is im-
proved because compensatory mo-
tions, needed with wrist-driven
prehension orthoses, are not neces-
sary for prehensile activities.

Over the past three years elec-
trically-driven prehension orthoses
have been used for patients who
lack wrist extensor strength (Fig-
ure 4). The power pack consists of
a nickel cadmium battery, a per-
manent magnet 12 volt motor, and
a charger, permitting the patient
to recharge the battery from a
regular household outlet. An ad-
justable slip clutch (Figure 5) is
used to selectively adjust the pinch
force as well as to provide a safety
mechanism in case of switch fail-
ure. The orthosis is activated by an
unidirectional microswitch usually

ELECTRICALLY — DRIVEN PREHENSION ORTHOSIS

DOWSAL CFF

oPENING FRICTION
WRIET JOINT

@ VOUT DT RATTENY

6

FIGURE 4—Electrically-driven prehension orthosis.
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placed superior and posterior to the
contralateral shoulder (Figure 6).
This control site has been found to
be most effective in leaving the
fitted extremity free to move with-

SLIP CLUTCH
HOUSING

ADJUSTABLE .-.‘1 pu— J
SLIP CLUTCH — = ‘g

\L—J-

aaf

|

M MOTOS ——| ‘

®

FIGURE 5—Exploded view of adjustable
slip clutch for electrically-driven prehen-
sion orthosis.

out inadvertently operating the or-
thosis. It provides a more nearly
synergistic control motion since
one normally uses a certain amount
of “body English” when reaching
for objects. Thus, a sound kine-
matic mode of control is achieved
which requires little or no patient
training.

The application of external
power would seem useful even in
patients who have good wrist ex-
tensors and who would conven-
tionally be fitted with a wrist-
driven prehension orthosis. Thus,
there would be no need for com-
pensatory motions of the other arm
joints for terminal device opera-
tion, The orthosis would not have
to extend above the wrist, leaving
the upper extremity with the op-
timum degree of freedom. Although
such fittings are possible, they are
not practicable at the time with
the conventional mode of orthotic
control. Further development of

FIGURE 6—Unidirectional microswitch is placed superior and posterior to contralateral
shoulder.
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FIGURE 7—Three state myoelectric trainer
unit.

myoelectric control systems may,
however, lead to development of
a prehension orthosis for the C 6-7
quadriplegic patient which would
permit freedom of the wrist. This
is possible by picking up myoelec-
tric control signals from suitable
forearm musculature. The three
state myoelectric trainer developed
at the University of New Bruns-
wick is utilized to test the feasi-
bility of such a system (Figure 7).

The results of external power ap-
plications in ambulatory patients
has not proved to be as satisfactory
as it has for wheelchair-bound pa-
tients. The additional weight of the
power source and actuator which
the patient has to carry are diffi-
cult problems to overcome. Fur-
thermore, ambulatory patients
possess greater mobility which
may increase the frequency of in-
advertent operation. It has been
our experience that for ambulatory
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patients body powered and/or man-
vally controlled orthoses are pre-
ferred because of their simplicity
and lighter weight. Patients who
have no hand function can be suc-
cessfully fitted with a shoulder-
driven prehension orthosis (Fig-
ure 8), providing voluntary open-
ing and spring closing (Figure 9).
The spring closing feature neces-
sitates the incorporation of a pres-
sure relief mechanism to avoid
skin breakdown of the thumb, in-
dex and middle finger pads during
periods when the orthosis is not
actively used. This is of utmost
importance in patients with a
brachial plexus or similar lesion,
resulting in both motor and sen-
sory losses. The pressure relief
control consists of a spring-loaded
push-button below the MP joint

3

s

Bt

FIGURE 8-—Shoulder-driven,
trolled prehension orthosis.

cable con-
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FIGURE 9—Voluntary opening-spring closing to three jawed chuck
prehension.

FIGURE 10—A. Finger flexion

joint with pressure relief control

assembled. B. Transverse view:

the spring-loaded pressure re-

lief button (1) engages in recess

(2} when pressure relief is desired.

C. Exploded view of pressure

relief mechanism.
which is pushed into a semicir-
cular recess. This prevents full
finger closing. Increased cable
tension causes the pushbutton to
automatically retract, unlocking
the pressure relief (Figure 10).

Manual control of arm braces

for ambulatory patients, i.e., posi-
tioning and locking of the elbow
at the desired angle of flexion, has
proved more satisfactory than both
external power or cable-controlled
body power. Obviously, the force
requirements for body-powered arm
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orthoses are infinitely greater than
for an equivalent prosthesis be-
cause, in addition to the weight
of the orthotic device, the weight
of the patient’s arm must be con-
sidered. While for unilateral arm
braces manual control is most
practical, in patients with bilateral
arm involvement, external power
is the only alternative to provid-
ing useful arm and hand functions.
Here, CO: as a power source seems
to have advantages over electric
power because of the greater sim-
plicity of the system. A CQO. piston
and cylinder elbow actuator ob-
viates the mechanical elbow lock
needed with the McKibben mus-
cle substitute (Figures 11A and
11B). In the piston, the carbon di-
oxide is confined in a rigid-walled
container, which affords sufficient
resistance against elbow extension
when forearm loads are applied.
Activation of the control valve re-
quires little force which can usu-
ally be obtained by harnessing re-
sidual arm motions (Figure 12).
The wheelchair-bound patient re-
quiring an arm orthosis poses again
another problem. In this applica-
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tion electric power sources have
been found more useful than car-
bon dioxide. Electric power actua-
tors provide a more definite con-
trol when compared to CO; actua-
tors, especially the MecKibhen
muscle substitute. In the latter,
the problem of rebound is difficult
to overcome when loads of various
magnitude are placed in the ter-
minal device. The electric arm
orthosis developed at the Institute
of Rehabilitation Medicine is de-
signed to provide the high level
quadriplegic patient (C 4-5) with
voluntary arm and hand functions
(Figure 13). It allows the patient a
total of five degrees of freedom,
four of which are motorized. The
power actuators are 12 volt per-
manent magnet motors located at
the back of the wheelchair. A
twelve volt battery serves as the

power source for both the arm or-
thosis and the wheelchair. Power
transmission from the electric
motors to the moving orthotic
arm segments is provided through
Bowden cables (Figure 14). The
motor used for powered prehension
is equipped with an adjustable
slip clutch designed to vary the
force of prehension and to act as a
safety device. The other motors
are provided with limit switches.
Motions motorized are:

1. Finger opening and closing
to a jaw chuck type of pinch
(Figure 15).

2. Pronation and supination ob-
tained through a spiral shaft
running in a nylon sleeve
(Figure 16). A linear pull on
the sleeve causes forearm
rotation (Figure 17).

3. Elbow flexion and extension

FIGURE 11 (A & B)—Arm brace with CO; piston actuator to provide elbow flexion.
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FIGURE 12—Residual wrist and finger flexion
is harnessed to activate CO2 control valve.

FIGURE 13—IRM electric arm orthosis.

FIGURE 14—Power transmission from the electric motors
to the orthotic arm segments is provided through bowden

cables.

FIGURE 15—Finger closing to a three jawed chuck type
of pinch.

FIGURE 16—Top: Pronation-supination assembly for
electric arm orthosis. Bottom: Exploded view.
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FIGURE 12—Parallel linkage lateral to humerus provides
combined flexion-abduction and extension-adduction.

linear pull on the sliding sleeve of pronation-

I
l FIGURE 17—Forearm rotation is caused by a
|
| supination unit.

FIGURE 20—Double pole, double throw sequential mi-
croswitches for orthotic arm control {joy stick removed).

FIGURE 21—Balanced forearm orthosis on contralateral
FIGURE 18—Motorized albow flexion unit. side permits ease of joy stick control,
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through a spring-loaded pul-
ley located medial to the el-
bow (Figure 18).

4. Combined humeral flexion-
abduction and humeral ex-
tension-adduction through a
parallel linkage, lateral to
the humerus (Figure 19).

Horizontal adduction and ab-

duction are not motorized since
the type of patient requiring an
electric arm orthosis is likely to
have sufficient residual shoulder
girdle control to produce such de-
sired motion, once the effects of
gravity are eliminated in a prop-
erly balanced linkage system. The
electric motors are activated
through specially designed dou-
ble-pole, double-throw sequential
microswitches (Figure 20). The pa-
tient’s  contralateral arm is
supported in a balanced forearm
orthosis to permit ease of switch
control (Figure 21). This is possi-
ble by a shift of the center of
gravity, induced by head motion,
in combination with residual
shoulder and arm motions.

SUMMARY

An attempt was made to delin-
eate the practicability of external
power in orthotic applications. In
lower extremity orthotics the ap-

plication of external power is, at
the present time, restricted to
relatively few, mostly experi-
mental devices. Developments in
this area which hold promise are
motorized hip joints for paraple-
gic patients, electrical stimula-
tion to evoke muscle contraction
in upper motor neuron disorders,
and as an alternate to external
power, hydraulic controls to co-
ordinate knee and ankle motions
in the above knee brace. In upper
extremity orthotics the applica-
tion of external power depends,
to a great extent, on whether the
patient is ambulatory or wheel-
chair-bound and whether he is
unilaterally or bilaterally in-
volved. In the ambulatory, unilat-
erally involved patient, shoulder-
driven, body powered and/or
manually controlled orthoses have
found greater patient acceptance
and are of greater practicability
in terms of weight, wear, and
maintenance than externally pow-
ered devices. If, however, the pa-
tient is wheelchair-bound or an
ambulatory patient with bilateral
arm involvement, the indications
for external power are definitely
within the realm of practicability.
It provides, in most cases, the
only means of obtaining useful
hand and arm functions.
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The PTS Knee Brace

by

Robert O. Nitschke, C. P., Rochester. N. Y., and Kurt
Marschall, C. P., Syracuse, N. Y.

Early in 1966 we initiated fitting
patients with the patellar tendon
supra-condylar prosthesis. It was
immediately evident that the
amount of flexion and extension of
the stump during locomotion could
be controlled through the high
brimline and the intricate fit of the
socket superior to the patella
where the three vastus muscles
and the rectus femoris unite to
form the quadriceps tendon. By
coincidence at this time, a female
patient, suffering from extreme
recurvatum of the right knee as
a result of polio fifteen years ago,
asked to be fitted with a long leg
brace. She complained bitterly
that the braces she wore before
were cumbersome to apply to the
extremity, excessively heavy, and
most unsatisfactory of all, un-
sightly cosmetically with their
bulky uprights, bands, and sharp
protruding joints. Immediately
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our curiosity was aroused as to
whether the PTS principles were
adaptable in this particular case.
After securing the consent of the
prescribing physician, we fabri-
cated a light plastic knee brace,
consisting of two half shells over-
lapping each other at their long
axis, medially and laterally, and
secured by four Velcro straps. This
procedure, which has been dup-
licated since in many other cases,
proved to be highly acceptable to
this female patient cosmetically as
well as functionally in preventing
hyperextension of the knee with
its accompanying pain.

THE CAST-TAKING PRO-
CEDURE

Two women’s nylon stockings
and one cotton stockinette are
applied to the patient’s leg and
secured with an elastic waist belt

September 1968



v
e

FIGURE 1—A.-P. tension clamp and M.-L.
measuring device.

and clamps to prevent slippage.

The following areas are then
identified with indelible pencil:
patella, level of tibial plateau,

tibial tubercle, tibial crest, head
of fibula, and the medial and
lateral hamstrings. One M-L
dimension is recorded at the level
of the tibial plateau; a second one
immediately above the femoral
condyles. The proper A-P dimen-
sion is taken from mid-patellar
tendon at a right angle to the
popliteal area. For these measure-
ments we use a special square con-
sisting of one crossbar and two
movable shanks (Fig. 1, Bottom).
Three circumference measure-
ments are taken for later reference
on the positive mold starting with
the first one just below the tibial
flare. For casting, we use elastic
plaster bandages only, beginning
the wrap distally to the knee joint,
continuing proximally to about
two inches above the patella,
applying only moderate tension to
the bandage. Immediately above
the patella, the bandage is twisted
once 180° in such a fashion as to

orthotics and prosthetics

create an indentation and firm
pressure at the quadriceps tendon.
Care should be taken at this peoint
not to displace the patella down-
ward. The wrap is then completed
distally, well past the bulge of the
gastrocnemius, and the A-P ten-
sion clamp is applied before the
plaster hardens. In our opinion,
the use of the A-P tension clamp
(Fig. 1, Top), which can easily be
fabricated in any facility, or the
use of a Coleman tension clamp,
is an absolute must to assure even
compression and to free your hands
for proper molding of the cast,
particularly in the area above the
femoral condyles. At this stage
careful attention should be given
to the amount of flexion desired,
ranging from 15° to 25° in most
cases. After the plaster has hard-
ened, the A-P tension clamp is
removed, and the cast is reinforced
with regular plaster of Paris
bandages. With a cast cutter, cut
along the medial and lateral
hamstrings to a point of 2" above
the level of the tibial plateau. Then
fold back the posterior flap to
allow knee flexion. It is at this early
stage that it is determinable
whether the brace will be effective
for the patient by using the cast
on a trial basis. After that the
cast can be removed by cutting
along the long axis of the extrem-
ity, medially and laterally. The
resulting two halves should be
joined together again by use of an
additional bandage. The negative
cast is then filled in the conven-
tional manner.
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CAST MODIFICATION

After removal of the negative
wrap, the three circumference
measurements of the positive mold
are compared with the measure-
ments taken previously. If the
patient’s subcutaneous tissue is
average, these measurements
should be reduced by %'. The
A-P and M-L dimensions of the
positive mold should coincide with
the recorded measurements. If
they prove to be larger, plaster
should be removed without
destroying the overall contour.
Care should be taken not to re-
move any plaster from the bony
protuberances. The crest of the
tibia is built up ¢’ to " in its
entire length. A generous flare is
created at the popliteal aspect.
The entire cast is then smoothed
and sealed.

FABRICATION PROCE-
DURE

The layup for the anterior shell
is as follows: Two layers of nylon
stockinette are pulled over the
whole cast with 6 layers of fiber-
glass in between. This fiberglass
reinforcement should cover the
entire length of the half shell but
should be staggered in width from
%" to 3%'" so as to provide the
greatest strength along the tibial
crest. For the lamination, a mix-
ture of 60% Laminac 4110 and
40% Laminac 4134 is used. After
this lamination has cured suffi-
ciently, the outer PVA bag is kept
in place and the layup for the
posterior shell is begun. Since the
posterior shell overlaps the anterior
one by about 1" on both sides, it
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should be somewhat stronger.
Use, therefore, 3 layers of nylon
stockinette and 8 layers of fiber-
glass. Again the fiberglass is
staggered in width from 2" to 4",
After this lamination has cured

FIGURE 2—PTS Brace. anterior and poste-
rior shell from a medial view.

FIGURE 3—Anterior and posterior shell
From an anterior view.
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FIGURE 4—Pressure Distribution in the
PTS knee brace.

sufficiently, the two halves can
be removed from the master mold.
In cases where the attachment
of a short leg brace is necessary,
the fiberglass reinforcement should
cover more than half of the
posterior shell (Fig. 2 and 3).

As previously mentioned, the
two halves are trimmed so that
they overlap each other by 1"". The
anterior superior brimline is kept
purposely high in the beginning
about 1%" above the patella. It
is only lowered when it is estab-
lished that no undue pressure is
placed upon the quadriceps tendon.
The posterior brimline is cut as
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outlined by the mold. The distal
brimline should run well below
the bulge of the gastrocnemius.
Three or four Velcro straps are
usually enough to keep the desired
tension between the two shells. It
should be emphasized that the
PTS brace should not be worn
directly against the skin. A nylon or
cotton underhose, cotton stockin-
ette, or wool sock, should be worn
underneath. In cases where the
PTS brace is not attached to a
short leg brace, it must be sus-
pended by a light waist belt.

SUMMARY

The PTS knee brace encloses
the medial and lateral femoral
condyles in their entirety, thus as-
suring maximum stability. The de-
sired degree of flexion is control-
lable by the intricate fit superior

FIGURE 5—Fracture of tibia and fibula on
62 -year-old male patient.
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FIGURE 6—Same fracture after 72 month.

to the patella at the beginning of
the quadriceps tendon. To main-
tain the desired degree of flexion,
three areas of pressure and coun-
ter-pressure are of the utmost im-
portance: 1. Quadriceps tendon
superior to the patella; 2. The en-
tire area of the tibial crest; 3. The
popliteal area (Fig. 4).

The PTS brace is fabricated in
two plastic shells partially over-
lapping each other and secured
with three to four Velcro straps.
Since it is fitted intimately to the
long structure of the extremity,
its cosmetic appearance is superior
to metal braces. If necessary, the
brace can be easily connected to a
short leg brace without increasing
the weight appreciably.

Since 1966, the PTS knee brace,
adapted from the PTS prosthesis,
has been fitted in eight cases, each

FIGURES 7, 8. 9 PTS brace attached to short leg brace from anterior lateral and posterior
view.
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involving one of the following:
fractures of the tibia and fibula
immediately below the tibial flare;
non-union or pseudarthrosis of the
tibia; medio-lateral instability of
the knee; and in cases of extreme
recurvatum of the knee.

Figures 5 and 6 show you a 62-
year-old male with fractures of
the right tibia and fibula about
8" below the tibial plateau. He

orthotics and prosthetics

remained in a cast from October,
1967 until May, 1968. He was then
placed in a PTS knee brace with
short leg brace attachments. He
is now ambulating under full
weight bearing without auxiliary
aids, and X-rays show a marked
increase in callus formation. (Fig.
7,8,9)

X rays and photographs courtesy of
Dr. William Boger, Strong Memorial Hos-
pital, Rochester, N. Y.
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FOR THE
POSTURAL
CORRECTION
OF WEAK

OR FLAT FEET
IN CHILDREN

TARSO°
SUPINATOR®
SHOES
by MARKELL

The Tarso Supinator Shoe
positions the foot to support
itself, and trains it to become
self-supporting.

The Tarso Supinator last is
specially shaped to swing the
hindfoot inward. This is the
best way to keep feet from
toeing out. .. to straighten the
ankles and to elevate the
longitudinal arch.

When the hindfoot is supinated,
the mid-tarsal joint is locked.
The arch can’t collapse and the
ankle won't roll inward. Weak
feet are readily repositioned,
and patients feel an agreeable
sense of firmness and security.
Maintenance of correct foot
posture will eliminate strain,
and relieve complaints of fatigue
or pain in the foot or leg.

Moreover, it will encourage
improvement in the firmness and
tone of the feet, and the habit

of walking with the toes straight
ahead.

Tarso Supinator therapy should
begin at about 18 months of age.
Remarkable corrective results
are obtained with early
treatment.

BEFORE AFTER

TARSO SHOES are ready-made and are available on prescription from dealers in
most cities, Write for catalog and name of nearest dealer.

MARKELL SHOE COMPANY, INC.

504 SAW MILL RIVER ROAD, YONKERS, NEW YORK
DRIGINATORS OF TARSO PRONATOR® AND TARSO MEDIUS® SHOES.
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No, 1400 OPEN TOE. Straight-line sym-
meftrical last, firm heel, no back seam,
Adaptable to Denis Browne Splints,

No, 1700 CLUBFOOT, OPEN TOE. Spe-
cial outflare last, sturdy instep strap to
stabilize heel.

No. 1300 CLOSED TOE. lace-to-toe
design permils snug, genile fit. Per-
fectly smooth inside.

MAIL COUPON FOR SAMPLES

—— et o —— o —— — — e

G. W. CHESBROUGH CO.

797 Smith Street, Rochester, N, Y, 14606

NAME

ADDRESS.........

R S |

ciry.

b e ——

I
|
|
|
|
|
I
1
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Louis C. Weld, the Founder of
G. W. Chesbrough Co.... "My
own persongl experience led
to the develepment of Ches-
brough Orthepedic Pre-Walk-
ers, clubfoot, ocpen foe aond
closed toe Surgicals.''

“Chesbrough Pre-Walkers

mean
NEW business for you”

“Here are orthopedic shoes parents can afford.
Orthopedic surgeons in 50 states and many
foreign countries are now preseribing them.
Spectacular sales figures prove it, This impor-
tant referral business can be yours.

“When a child in my own family needed a
corrective shoe, I discovered what a strain it
can mean to a family budget, because 1) cor-
rective footwear is expensive and 2) frequent
purchase of new corrective shoes is required.
Then and there I decided there was a real need
for a moderately priced corrective shoe—a shoe
parents could afford. That’s why and when
Chesbrough Orthopedie Pre-Walkers were born.

“Our 68 years of shoe-making experience
resulted in corrective Pre-Walkers of scientific
design, expert workmanship, fine leathers com-
bined with orthopedically correct lasts to pro-
vide necessary correction at an economical
price.”

All shoes in unlined white elk, sizes 000 to 4, narrow and wide.
Available in full pairs, split pairs or single shoes [no extra
charge for holf pairs).
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TRAUTMAN CARVER ATTACHMENTS

Small Cutter No. 2100A. Large Cutier Ne. 21008.
No. 2100AB Bledes Ne. 210088 Blades

Sharpsned for one-half cost of a new set of bledes, plus pesiuge.

Midget Cutter
#2100H (including
an extra blode)

Carver #2100
Foot Switch
#2100K

ATTACHMENTS

Medivm Sand Cere Small Sond Core Rasp No. 2100E. S$mall Send Drum La Sand Drum Noe.
No. 2100F. Small 2! . Lorge size abre-

No. 2100C. Medium Ne. 2100D. Small We resharpen the
size abrasive cones size abrasive Rasp for one-half sizeabrasivesheets. sive sheets. Coorse 541V,

Coarse Cone MNo. conesonly. Coarse cost of new, plus Coarse Mo, S$41T, Fine S41W,
S41D, Fine Cone Cone MNo. S41H, postage. Fine MNeo. S41U,
No. S41E. u?a Cone No. go. 2100FF — Flat

Write for price and delivery date

TRAUTMAN SPECIALTIES, INC.
410 Portland Avenue, Minneapolis, Minn. 55415
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THESE TOO (2)

WILL BE IMITATED

1. RUHRSTERN ELASTIK PLASTER BANDAGE

Sizes 3, 4 and 5 inch. Edges are finished to provide
neater appearance. NOT stretched therefore handles
easier. Fillauer — first with elastik plaster.

2. NEW Low PROFILE DETACHABLE DENIS
BROWNE NIGHT SPLINT
Free, exclusive locking wrench and e
protractor. Offset Bar permits child \
to stand without danger. Lengths  §
4 to 36 inches. Fillauer — first with
this new detachable splint.

Filtawer

Surgical Supplies, Inc.

Box1678
Established 1914 Chattanooga, Tenn.
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CRUTCH-EZE

The Prime Source
for Finest Quality
Crutch Accessories

CRUTCH CUSHIONS—Exclu-

sive construction assures

long life and absolute crutch
comfort.

HAND GRIPS—Provides soft, .
sturdy grip while alleviating g
blisters, cramps and wrist
tension. Ll
SAFE-T-GRIPS -— Provides )
safe, skid-proof traction |
under the most difficult
conditions.

THE MOST EXTENSIVE
CRUTCH ACCESSORIES

Catalog available
on request
GUARDIAN PRODUCTS
COMPANY, INC.

8277 Lankershim Boulevard |
North Hollywood, Calif, 91609 |

?GGI(EJL ADJUSTABLE
HYPEREXTENSION BRACE

e Quick release, snap-
out attachment

e Adjustable, self align-
ing posterior pad

¢ Rotating adjustment
for sternal and pubic
pads

® Vertical and horizon-
tal sliding adjust-
ments

e Bi-lateral worm gear
traction bands

e Plastic water resist-
ant pad covers

e Constructed of 24 ST
aluminum

1776 South Woodward + Birmingham. Michizan

MANUFACTURERS OF PRECISION-MADE BRACE PARTS

BECKER ORTHOPEDIC APPLIANCE COMPANY
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A NEW PRODUCT OF MODERN

Sabel gets
all the
breaks...

RESEARCH

Sloping, padded
no-chafe top line.
Extra wide, 7" padded
tongue accommodates
swellings and
bandaging.

with the new
all-purpose AM-BOOT!

The most versatile and
accommodating boot ever designed,
through clinical experiences

and medical requirements.

Helps put a post surgical patient
back on his feet...makes him
ambulatory by providing custom
features that anticipate practically
all post-surgical problems.

Sabel gets all the breaks . ..
because they make their own!

SABEL’S

Neutral last with full,
squared-off toe.
Neither right

nor left.

Notice elongated heel.

Heavy foam interlining with soft,
glove leather lining throughout.

Pre-drilled holes in steel shank are
marked and located on leather insole.

Steel shank is

pre-drilled for easy

brace attachment.
Heel is extra long
10 accept angulat
bracework.

AM-BOOT

SABEL DIVISION
C.H. ALDEN SHOE CO
BROCKTON, MASS. 02401




SUPPLIERS TO

PARTS
FOR
BECKER
TORSION
SPLINTS

PROSTHETIC & ORTHOTIC FACILITIES

POWER AID

; For
WHEEL
CHAIRS

PILLOW & SPLINTS

FOR HIP ABDUCTION

DENIS BROWNE
NIGHT SPLINTS

OTTO BOCK KNEES

BOCK—KINGSLEY—U. S. MFG.

FOR IMMEDIATE

Post Operative Prosthetic Fittings

THE IKINI'T-IR

1 GRAND AVENUE » |

=

FINEST WOOL
STUMP SOCKS
SOFT
DURABLE
COMFORTABLE
I'TE

COMPBANY

N Ci 34 1(

PHONE: 816-221-020¢
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WILLIAMS Lumbo-Sacral Flexion Brace

Orders filled at the request of members of the profession only

MILLER BRACE & SURGICAL SUPPORT CO.

3902 Gaston Avenue Dallas, Texas

The “‘ORIGINAL”

(Designed by Dr. Paul C. Williams)

“To reduce the lumbo-sacral lordosis
and thus lift the weight from the pos-
terior vertebral structures. Permits
free ant. flexion of the lumbar spine
but prevents extension and lateral
flexions."

Measurements:

1. Chest (about 47 below nipple line)

2. Waist (at naval line)

3. Pelvic (15 distance between
greater trochanter and crest of
ilium)

4. Seventh cervical spinous process
to the prominence of Coccyx.

ALL ORTHOPAEDIC APPLIANCES

P.O. Box 26181

Degree Flexion Head-Halter

This halter gives as much
flexion as desired and with
less weights. Designed with all
parts behind the ears. Patient
can talk and chew with less
effort. No. (1) has Velcro fast-
eners. No. (2) has Hooks and
Links. This halter has been
tested, approved and is very
effective.

Pat. Pend.

orthotics and prosthetics
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'3
All Your Needs For 1
ORTHOPEDIC AND PROSTHETIC APPLIANCES
SUPPLIES
Under One Roof

Coutils + Moleskins * Brocades + Elastics
Non-Elastics + Nylon Lacings *+ Buckles
Tools *+ Air Foam -+ Steels - Vibreita

PRENYL® VELCRO®

“The Most Versatile Material for Splinting” New concept in fastening

distributed to the
Orthopedic and Prosthetic Professions

by

L Laufer & Co.

50 West 29th Street ® New York 1, N. Y.

— i

AT LAST!

AN ADJUSTABLE
DISPOSABLE
HEAD HALTER!

o Maximum flexion angle guaranteed.
e Exclusive 5 position adjustment.

® QOne Universal size—fits all heads.
® Priced in the disposable field.

DISK-A-FLEX

WRITE FOR SPECIFIC INFORMATION TO:

TRWing co, inc.
Patent No. 3046980 P.O. BOX 855 « BURBANK, CALIFGRNIA
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\. AMERICAN
RAWHIDE
MFG.
COMPANY

8550 WEST 43RD ST.
LYONS, ILL. 60534

__you must be satisfied

SUTTON SANDER SPEEDS |
CUTTING TIME BY 40%!
BELTS LAST FOR MONTHS

Designed especially for the limb and brace profession.
Compact, fast-cutting sander wses G60-inch belts with
12-second change feature. Powerful exhaust collects dust
in a drawer. Quick change fitting accommodates flap
emery wheel, naumkeag sander, or metal come shaped
cutter. Oiled for life. Only 51" high, 19" wide, 271"
deep. In daily wse by orthotists all over America.
Send coupon today!

-

< Bt oryse wee e

8053 Litzsinger Rd., St. Lowis, Mo. 63144 Mlssion T7-0050

Offices in Principal Cities
Please send complete information en Sutten's S) 2-0.

Name.. ...l

Address .. ... ..

O
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Now Available in 8 Sizes:
up to 9 months Size 1
\ 2 years 2
LN 3% years

6 years

9 years
12 years
15 years

0 N O W

over 15 years

Our Sales Program in Conventional and Safety Knees

Model 98 single axis knee
in poplar or balsa
nine sizes

Model 200 safety knee w/o
kicker

Model 204 safety knee
w/outside kicker

Model 205 saofety knee
w/inside kicker
five sizes

Model 209 stereo safety knee
w/o kicker

Model 304 positive lock knee

Model 319 new single axis

knee with cosmetic
features

Available from:

WAGNER'S ORTHOPEDIC SUPPLY CO.
P.O. Box 1585 Salt Lake City, Utah 84110
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The All New 0tto Bock MYO-ELECTRIC PROSTHESIS gives LIFE-LIKE Performance!

come knowledgeable,

FACTS ABOUT MYOQ-ELECTRIC PROSTHESES

For over four years Otto Bock technicians have
been working with various types of myo-electric
control systems for below elbow amputation
The hands developed by Otto Bock are so high-
ly regarded that they are specified for several
other myo-electric systems praduced in Europe.
Now, Otto Back has perfected this all new mod-
el with improved hand action and appearance
and a simplified amplifying system reguiring
only one small battery pack and one cable.
B Myo-Electric Prostheses are easy to fit but only
after the prosthetist has attended a qualified
fitting school. Like any other upper or lower ex-
tremity prosthesis, it requires training to be-

SEPTEMBER 27 T0 30
Radisson Hotel « Minneapolis

SEE THESE MYO-ELECTRIC SYSTEMS
AT BOOTHS 15 THROUGH 18
at the AOPA 1968 NATIONAL ASSEMBLY

ORTHQPEDIC INDUSTRY, INC.

219-14TH AVENUE NORTH
MINNEAPOLIS, MINN, 55411

orthotics and prosthetics

o Bock’

Enables amputee to contral all movements with
his wrist extensors and flexors.

Eliminates separate amplifier,
Reduces noise to a minimum.

Sizes for men, women and children.

Give your amputees the very finest hand per-
formance available with this new Otto Bock
Myo-Electric Prosthesis. Myo-Electric ampli-
fiers are built into the electrodes eliminating
need of a separate amplifier. Requires only one
cable to the battery pack. Hands have natural
appearance. All components for the myo-elec-
trically controlled Otto Bock prosthesis are fur-
nished in kit form. The pre-fabricated parts are
designed for easy assembly by the trained pros-
thetist. Locating muscles with optimum elec-
trical impulse is simple with the Otto Bock
Myo-Tester.

DISTRIBUTED BY:
K & K Prosthatic Supplies, Inc. — Belimore, L. |., New York
Kingsley Manufscturing Co, — Costa Mesa, Califarnis

Pel Supply Company — Clevsland Ohio
The Knll-Rits Company — Kansas City Missouri
Southem Prosthetic Supply Co. — Atlanta Georgia
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READY TO FIT HAND, WRIST AND FINGER BRACES,
CERVICAL BRACES, TRAINING AIDS AND SPECIAL
APPLIANCES — PLUS A COMPLETE LINE OF SPINAL
AND LEG BRACES CUSTOM MANUFACTURED TO
YOUR MEASUREMENTS.

COMPLETE CATALOG AVAILABLE ON REQUEST

C. D. DENISON ORTHOPEDIC APPLIANCE CORP.

220 W. 28th Street — Baltimore, Md. 21211
. _J
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NO Wit's ®
Ho$ Hier-oveaco ueauss

That’s the new trade name

for the long familiar Hy-
draulic Swing Phase Control
Unit for AK amputees. This
Is the unit that assures full
freedom of action forwork ==
or play, with a minimum of
effort. For women, it per-
mits the prosthetist to

sculpture for the morale-
lifting cosmetic look of trim
limbs and slim ankles to
match the remaining limb.

Available for immediate delivery!
Also in knee disarticulation units.

orthotics and prosthetics X0




MADE TO ORDER

Special Orthopedic Shoes

Send us the negative casts, we make the Shoes
to your or your Doctor’s specifications.

WE SPECIALIZE IN EXTREME CASES.

For information and price list, also free measuring
charts, write to:

ROBERT O. PORZELT

3457 LINCOLN AVENUE ® CHICAGO 13, ILLINOIS
Telephone: BI 8-0343

NO LEATHER LIKE JONES LEATHER

For Appliances and Artificial Limbs

Bt e

Specially Tanned So Color Will Not
Fade Off and Soil Under Garments

Buckles, Rivets, Plastics, Webbings
and other items
WRITE FOR SAMPLE CARDS AND PRICES

THE JOSEPH JONES COMPANY
225 LAFAYETTE STREET NEW YORK, N. Y. 10012
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now available in North America

the viemmnalone

BIO-ELECTRONIC HAND

““‘successfully worn around the world”’

- A . e

msimp/e to fit, wear,
operate and maintain

We proudly introduce the first and only
thoroughly proven, commercially available

Shown above: Unit (with pocket electronically controlled hand prosthesis.

amplifier) easily handles razor. Because the unit is activated by muscle

ISehal::;"tge:fe‘:t: :D";gﬂlteues ,ﬂ;i:'ilcy nerve impulses in the forearm, the user
i i X a——

tranic training uhit. need only think about gripping in order to

close the hand.

The Bio-Electronic Hand exerts 13 |bs. of
gripping force which is more than many
healthy hands can achieve. Yet it is easily
controlled for delicate and minute move-
ments. Its appearance and feel are ex-
tremely lifelike. Please write for complete
information.

@ 1968
. -
A2 (1111 (e) 1 (28 of America, Inc.
W 5245 W. Diversey Ave., Chicago, Ill. 60639 - (312) 237-8090
See us at the Hotel Radisson, Sept. 27-30, 1968
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LIMB PROSTHETICS—1967
by A. BENNETT WILSON, JR. B.S.M.E.

REPRINTS OF THE ABOVE ARTICLE WHICH
APPEARED IN THE SPRING, 1967 ISSUE OF
ARTIFICIAL LIMBS ARE NOW AVAILABLE
THROUGH THE NATIONAL OFFICE.

TO OBTAIN REPRINTS, COMPLETE AND
MAIL THE FOLLOWING FORM.

AOPA
919 18th St. N.W.
Washington, D.C.

Please forward__ copies of “Limb Prosthetics —
1967 @ .35 per copy to:

name

address

O Check enclosed [ Bill me
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The 1968 NATIONAL ASSEMBLY of the
AMERICAN ORTHOTIC AND PROSTHETIC ASSOCIATION

will be held

SEPTEMBER 27 to 30, 1968

HOTEL RADISSON
MINNEAPOLIS, MINNESOTA

For Program Details and Registration Information
write to

The American Orthotic and Prosthetic Association
919 - 18th Street, N.W.,, Svite 130
Washington, D. C. 20006

The Assembly is open to all who are interested in the
rehabilitation of the orthopedically disabled
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1968 NATIONAL ASSEMBLY PROGRAM

WEDNESDAY, SEPTEMBER 25

9:30 a.m. AOPA Board of Directors Meeting
Presiding, Alvin L. Muilenburg, C.P.O.

1:00 p.m. ABC Educational Standards Committee Meeting
Presiding, Bert R. Titus, C.P.O.

3:00 p.m. AOPA Education Committee Meeting
Presiding, Robert E. Fannin, C.0.

THURSDAY. SEPTEMBER 26

9:30 a.m. General Registration
Voters’ Registration
Women’s Auxiliary Registration
ABC Board of Directors Meeting
Presiding, Paul E. Leimkuehler, C.P.
North American Subcommittee, ICPO
Presiding, Anthony Staros

1:30 p.m. Joint Executive Council Meeting
Presiding, M.P. Cestaro

6:30 p.m. AOPA-ABC Reception-Buffet

FRIDAY, SEPTEMBER 27

8:30 a.m. The President’s Breakfast
Toastmaster, Roy Snelson, C.0.
9:30 a.m. Formal Opening of Assembly
Presiding, Alvin L. Muilenburg, C.P.O.
10:15 a.m. Opening of Exhibits
Presiding, John R. Hendrickson
11:00 a.m. “‘Hey There! Almost a Doctor!”’
Moderator,
Joseph M. Cestaro, C.P., J. E. Hanger, Inc.
Vert Mooney, M.D. Chief, Amputation Fracture Service, Rancho Los
Amigos Hospital, Downey, California
Joseph E. Traub, C.P., Social and Rehabilitation Services, U.S. De-
partment of Health, Education and Welfare, Washington, D.C.
11:00 a.m. Women’'s Auxiliary Meeting and Tour
Presiding, Mrs. John A. Metzger
1:15 p.m. Exhibitors’ Presentation of New Products
Presiding, John R. Hendrickson
3:00 p.m. Amputee Gait Training for Prosthetists
Moderator,
Bert R. Titus, C.P.0., Department of Orthotics and Prosthetics, Duke
University Medical Center, Durham, North Carolina
Bernard R. Strohm, M.A., Director, Prosthetics—Orthotics, University of
California at Los Angeles
7:30 p.m. The Polysar Socket
Moderator, . .
Anthony Staros—Director, Veterans Administration Prosthetic Center,
New York City

SATURDAY, SEPTEMBER 28
8:30 a.m. The Delgado College Bench Technician Program

Lo



9:30 a.m.

11:30 a.m.

11:15 a.m.

1:00 p.m.

1:30 p.m.
2:15 p.m.

4:15 p.m.

Moderator,
George H. Lambert, Sr., C.P.0. Snell’s Limbs and Braces, Baton Rouge,
La.
Jimmie C. Steedley, M.A.
The Diabetic Amputee
Moderator,
Clinton L. Compere, M.D., Paul R. Meyer, M.D.
The Insurance Program
Moderator,
H. B. Warburton, Executive Director, AOPA—ABC, Washington, D.C.
Corie Hale, Jr., Washington Representative, Rathmell & Company,
Washington, D.C.
Richard Erlandson, Assistant Group Manager, John Hancock Mutual Life
Insurance Co., Washington, D.C.
Women’s Auxiliary Luncheon
Presiding, Mrs. John A. Metzger
Orthotic Management of Low Back Pain
Moderator,
Arthur W. Guilford, Jr.,, C.0., Chief Orthotist, Rancho Los Amigos
Hospital, Downey, California
Frank Raney, M.D.
Walter Koniuk, C.0O.
University Council on Orthotic-Prosthetic Education Business Meeting
Report of Committee on Prosthetic Research and Development, National
Research Council
Moderator,
A. Bennett Wilson, Jr., Executive Director, CPRD, Washington, D.C.
Charles W. Radcliffe
Colin A. McLaurin
Anthony Staros, Director, Veterans Administration Prosthetic Center,
New York City.
Joseph E. Traub, Social and Rehabilitation Services, U.S. Department of
Health, Education and Welfare, Washington, D.C.
Conference of Orthotists
Presiding, William L. Bartels, C.0., Wm. L. Bartels Inc., Portland, Oregon

SUNDAY, SEPTEMBER 29

9:00 a.m.

12:15 p.m.

2:00 p.m.

3:15p.m.

4:00 p.m.

Presentation by The University Council on Orthotic-Prosthetic Education
Participants,
New York University, Northwestern University, Chicago City College,
Cerritos College, University of California at Los Angeles
ABC Certification Luncheon
Presiding, Paul E. Leimkuehler, C.P., Paul E. Leimkuehler, Inc., Cleveland
Ohio
Guest Speaker, Dr. Carl S. Winters, sponsored by General Motors Corp.
ABC Annual Meeting
Presiding, Paul E. Leimkuehler, C.P.
The Supracondylar Tibial Prosthesis
Moderator,
Samuel E. Hamontree, C.P., Frees & Tyo Inc., Syracuse, New York.
Carlton Fillauer, Fillauer Surgical Supplies, Chattanooga, Tenn.
Conference of Prosthetists
Presiding, Basil Peters, Prosthetics and Orthotics, New York University Post-
graduate Medical School, New York City
ABC Board of Directors Meeting
Presiding, Paul E. Leimkuehler, C.P.

6:30 p.m. Buffet and Dance




MONDAY, SEPTEMBER 30

9:00 a.m. Orthotic Management of Fractures
Moderator,
M. J. Benjamin, C.O., Los Angeles, California.
Vert Mooney, M.D., Chief, Amputation Fracture Service, Rancho Los
Amigos Hospital, Downey, California.
Augusto Sarmiento, M.D., Professor of Orthopaedics, School of Medicine,
University of Miami, Miami, Florida
George Irons, C.0.
William F. Sinclair, C.P., Jackson Memorial Hospital, Miami, Florida.
10:45 a.m. The Child Amputee
Moderator,
Robert C. Gruman, C.P., The Winkley Company, Minneapolis, Minn.
R. Jones, M.D.
Chester C. Nelson, C.P.
Daniel G. Rowe, C.O.
1:30 p.m. AOPA Annual Meeting
Presiding, Alvin L. Muilenburg
6:30 p.m. Concluding Reception and Banquet

TUESDAY, OCTOBER 1
9:00 a.m. AOPA Board of Directors Meeting
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"PLASTISKIN" Perfection

| “Color stability is good, permanence is satisfactory—
| resistance to soiling is substantially superior—
are much easier to keep clean.”

“Human Limbs & Their Substitutes,” sponsored by
Committee on Artificial Limbs, National Research Council.

Tenenbaum, Prosthetics
463-469 East 142nd Street, Bronx, N. Y. 10454




