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Spinal appliances are our only
product. They're sold only through
ethical dispensing orthotists. So
we try to make each of our collars and

braces the best of its kind - like
our new Two-Post Cervical Brace -
for maximum acceptance by vour
doctors and patients. And we
back them up with service to yvou.
Service like 24-hour delivery of
prescription braces anywhere
in the country. Plus a price
structure that can make
our service your most
profitable way to fill spinal
appliance prescriptions.
For more information,
write P. 0. Box 1299,
Winter Park, Florida 32789.

Florida Brace Corporation




DEMAND THE FINEST
FOR YOUR
GUSTOMERS

KENDRICK’S

dorso-lumbar
Kendrick Dorso Lumbar Support No.
2030 features 21” back depth, an
s elastic release at the groin and a

hook and eye opening at the left side.

PRESCRIBED BY PHYSICIANS...SOLD WITH CONFIDENCE

For your customers there should be no substitute for the finest. Kendrick’s
Dorso Lumbar Support for women offers extremely bencficial protection for
the dorsal region as well as the lumbar spine. The Dorso Lumbar Support can
be worn following fractures, in cases of faulty posture defects such as scoliosis,
and for arthritis of the spine.

Model No. 2030, illustrated, is available in stock sizes from 30 to 44, hip
measurement — hip development, 6”—8". The support is well boned in the
back with two 18” shaped steels at the center to brace and support the entire
back. Three traction straps permit variable pressure. Support through the
dorsal region is increased by the shoulder straps which are looped under the
arm and joined in the front. Also available in Dacron Mesh Style No. 8430.

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

You can recomimend Kendrick with Confidence

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

Kendrick
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FRACTURE CAST COMPONENTS

Polycentric Knee Joints for Fracture Bracing

Small
Med.
Large

Polyethylene Quadrilateral Casting Brims

16” to 19~
19" to 23"
23” to 28~

Lefts and Rights

ALIGNMENT JIG Cast Boot CLAMPS, Snaplock
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3-Ply Weight : 5”
Orlon/Acrylic 95.25% : 5"
Lycra/Spandex 4.75% de 5
Closed Toe (not pulled up) 4 - »f
Fleecy (Fleeced inside and outside) 46 &’
CABLE ANKLE JOINT PROTECTO-CAST is o strong, plastic sleeve

FOR FRACTURE BRACING featuring o unique closure that permits the
wearer of leg or foot casts, bandages, or

dressings to shower while the costs or dress-

-

ings remain dry!

PEL SUPPLY COMPANY

4472 WEST 160TH ST.. CLEVELAND. OHIO 44135 — PHONE: 218-267.5778
FAUL E. LEIMKUEHLER, PRESIDENT
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Rely on the name that means
only the best in orthopedic
appliances. Truform. The
name you can specify and fit
with confidence when your
reputation is at stake. The
construction is the best. The
material is the finest avail-
able. The craftsmanship is
unequalled.

Shouldn’t
your choice
be Truform?

TRUFDRM

Anatomical Supports

Choose from Truform's com-
plete line of quality spinal
braces. Truform's Knight-Taylor
brace with rustproof steel up-
rights and aluminum contour
shaped pelvic band or
Truform’s Williams Flexion
brace meet your physicians

stringent pre-
L scription
‘“‘ standards

[ |

Truform's adjustable
cervical braces and collars
include the four post brace
where each post is separately
adjustable for positive fixation
and extension. Truform offers a
selection of Velcro-adjustable,
high-impact plastic cervical
collars built with vinyl covered

i, foam padding

Fit Truform's offset hinged

knee brace that fixes the pivotal
paint of the hinge in line with the
natural knee joint position at all
times. Truform’s Cock-Up wrist
splint with contoured alurminum
spoon provides the desired
immobilization of the wrist area.

Specify Truform's
pelvic traction belt with alter-
nate front pulls and trolley side
pull straps control constricting
pressure and provide even
distribution of the downward
pull

For more information about
Truform’s quality concepi,
send for the Red Book of
Anatomical Supports.

Nama

Trutorm Anatomical Supports
3974 Rosslyn Drive  Cincinnati, Ohio 45209

Company

Address

Gty

State Zip ]

CINCINNATI 3960 Rossiyn Drive »
Cincinnatl. Chio 45209 51372714594

SAN FRANCISCO 589 Howard Sireet »
San Francisco, Calif 94105 415/781-1135

MNEW YORK 4 West 16th St at 5th Ave =
New York, NY 10011 212/686-6460

IN CANADA, Conlact Airway Surgical Appliance
Indusiries, Lid., Otlawa, Onlario, K1RST8




Ckreeman
4-Star service

Built on the Principle That
a Late Shipment Benefits No One

Freeman operates four warehouses strategically placed
throughout the United States. When a dealer needs merchan-
dise he calls the nearest Freeman warehouse (toll free) and his
order is on its way in 24 hours, or less. Transportation costs
are less, dealers need not carry large inventory, free order
service, on time delivery...all part of Freeman’s 4-Star Service.

Above all else are the finest surgical support garments . . .
over 80 years experience reflected in every Freeman product.

Write for details. There are Freeman dealerships available
in selected areas.

Model 512 Model 521
Darsg-Lumbar Sacro-Lumbar
Support for Women Support for Men

FREEMAN WAREHOUSES:

Ephrata, Pennsylvania 17522, P.O. Box 277, phone 717-733-4261
Sturgis, Michigan 49091, P.O. Box J, phone 616-651-2371

Anniston, Alabama 36201, P.O. Box 1791, phone 205-237-0611

West Covina, California 91790, 1148 E. Garvey, phone 213-338-1618

FREEMAN MFG. CO.
Box J, Sturgis, Mich. 49091




 PRESENTING -
The KINGSLEY High Profile Molded SACH Foot

Approved by the Veterans Administration

Shaped to the VA Models

Consistent toe resistance.

Triple density heel.
Can be shaped to half sizes and narrow widths.
Natural flesh color,
Completely odorless.

Available in extra soft, soft, regular, firm and extra firm heel cushions
(toe stiffness remains the same!).

Foam extends over top of keel.
Stress relief at the top of the bolt hole.

Kingsley mfg. co.

1984 PLACENTIA AVENUE ® COSTA MESA, CALIFORNIA 92627 * PHONE 714-548-6116




Service:

Service has been a tradition at Knit-Rite for years and years.

Service

Takes many forms, but basically is reduced to one simple factor:

We as suppliers must act and function in the best interests of you, our customer, in order
to say we render service. The relationship between supplier and customer should be one
that enables you, our customer, to function better. 1t should be a relationship that assists
you in providing services and products to your own clientele.

T

Repair Parts

This is a service we have not talked about very much. Knit-Rite carries
literally hundreds of parts for feet, knees and joints as well as parts for
the heat guns and also such things as machine screws, washers, bolts and
nuts. For example refer to the Knit-Rite catalog:

Pages 117 thru 119—Approximately 145 parts for feet.
Pages 131 thru 143—Approximately 130 parts for knees.
Pages 144 thru 154--Lists prosthetic joints along with many parts.

Pages 176, 189, 191 and 192—Lists some of the parts for brace jaints.

Service : mmk
== P
Repair and replacement parts service is difficult for a supplier to justify econom- m'"
2

ically; but from the standpoint of customer service it is part of the total Knit-Rite
package. We feel it is in your best interest to have these items readily available.

We are happy to offer this service along with your orders for the compiete knee, @
foot and joint assemblies, etc.

KNIT-RITE SERVICE INCLUDES

A large stock of repair and repiacement parts

A broad scope product line—over 9000 items

We feel your interests are well served by the Knit-Rite tradition of service. Your
response, as evidenced by our strong growth pattern, encourages us to do all we can
to continue to render the best possible service.

Remember where else are so many products and supplies available, with one order.
And at the end of the month, ane check.

KNIT-RITE, INC.

1121 GRAND AVENUE & KANSAS CITY MISSQOURI 64106
PHONE: 816-221-0206

August, 1972 Printed in U.S.A,
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Sabel Surgical and
Post-operative Footwear.

Sabel gives the doctor the shoe types that make his cor-
rective measures work. All the shoe types.

CAL. Maintains WHITE SURGICAL
the corrections BOOT. Full lace-to-
the doctor has at- toe adjustment.
tained. Sloping
top line elimi-
nates rubbing
at the heel.

INFANTS’ SURGL- | @) E : CHILDREN'S

WOMEN'’S SURGI- SURGICAL BOOT AM-BOOT

CAL OXFORD. For Accepts bracework Multi-feature
convalescence and or night attach- surgical and brace
orthopedic correc- ments. Full lace-to- boot designed to aid
tions. Full lace-to- toe adjustment. in making a patient
toe adjustment. Half pairs available ambulatory.

in all sizes on

both boots.

For information, write E. J. Sabel Co.
Box 644, Jenkintown, Pa. 19046
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the' GREEN DOT

Part No. 2L 188 Valve with plastic housing
Part No. 2L 189 Valve with stainless steel housing

When ordering, specify part number
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-1 Plastic housing “0” ring .375 0.D.
R 1-A Stainless steel housing Spring 7" dia.
R -2 Valve body Teflon ball 4"
R -3 Cover -4 Push button Spring 5" dia.
R0 -5 “0”ring .937 0.D. Nylon screw 8-32
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When ordering parts, specify part number and dash number.
@ Example No.1 2L 188-1 / Example No.2 2L 189-1-A

CLEANING INSTRUCTIONS.

Remove valve body from housing. Take a blunt object and compress the green button
fairly hard until the plastic cover, with the three holes in it, pops out. Keeping the Green
button pressed down, remove the small “Q" ring with finger. Now the green button and
spring can be removed from the body. To clean the adjustable expulsion valve, remove
the nylon screw in the center of the green button. Then remove spring and teflon ball.

Clean all parts and reassemble making sure the cover is replaced with the flat surface
on the outside.

Corrosion resistant @ All parts interchangeable

Air easily expelled ® Easy to clean ® Housing only %" in depth

Qutside diameter 14 ® One extra set of “0" rings included

Cleaning instructions accompanies each valve

UNITED STATES MANUFACTURING CO.
PO Box 110 « 623 South Central Ave « Glendale. Calif 91209 « Phone: (213) 247 8430 Cable |IMBRACE




A NEW LOOK

Past readers of ORTHOTICS AND PROSTHETICS will recognize that
page size, type style, texture of paper, and other design details have been
changed in this issue, the first number of Volume 27. These changes have been
made in an attempt to provide the optimum approach to dissemination of
technical, scientific, and professional information in the field of orthotics and
prosthetics.

The new size makes it easier for librarians of scientific collections to file and
retrieve issues of ORTHOTICS AND PROSTHETICS; the new format
enables the editors to integrate text and photographs more efficiently; and the
texture of the paper guarantees better reproduction of the illustrations. In
essence, we hope that the new format will be easier to read.

That there have been submitted to ORTHOTICS AND PROSTHETICS so
many useful articles during the past year has been most rewarding to the
Editorial Board and others who are concerned with providing information to
members of AOPA and AAOP and all other professional personnel involved in
prosthetics and orthotics that will help them to offer their patients the best
health care available.

We wurge all to continue to contribute to ORTHOTICS AND
PROSTHETICS in order to make it the outstanding journal of its kind in the
world. The Editorial Board invites every reader not only to submit
contributions to ORTHOTICS AND PROSTHETICS, but also to submit
letters to the Editor which register concrete criticism, request topics for
presentation, or raise appropriate controversy.

We would like to suggest to authors that in preparing articles they keep in
mind the need for the texts in education programs of the Social and
Rehabilitation Service, the Veterans Administration, and the American
Academy of Orthotists and Prosthetists. When it can be anticipated that the
subject of an article will be appropriate for inclusion in an education program,
much can be done by the author and editorial staff to make it more useful, and
a sufficient supply of reprints can be ordered at the time of printing, thereby
effecting a saving.

A. BENNETT WILSON, JR.
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A Below-Knee Prosthesis With
A Porous Socket

Porosity in the socket wall of a limb pros-
thesis has long become recognized as a
feature, especially in humid climates. Porosi-
ty permits constant interchange of air that
cools the stump and helps eliminate the ac-
cumulation of water in the socket which in
turn helps to retard the growth of unwanted
bacteria.

The idea of a porous socket is not new. The
Army Prosthetic Research Laboratory was ex-
perimenting with the idea of a porous socket
before 1957. However, the technical expertise
and time consuming procedures developed to
date have caused most practioners to exclude
this technique from their amputee manage-
ment program.

In recent years much attention has been
given to the so called “instant prosthesis”,
“adjustable prosthesis”, and the temporary,
or preparatory, prosthesis. To make these
new type prostheses economically feasible,
several modular, endoskeletal type systems
have been developed. Many new types of plas-
tics are being introduced to complement the
new modular systems, and much attention
has been focused on the polyethethlene and
polycarbonate families of plastics.

Recently, the Prosthetics Laboratory at the
University of Virginia was asked to par-
ticipate in a program to study and find uses
for the application of a system consisting
of fiberglass impregnated with unsaturated
polyester resin that has been treated so as to
begin the first stages of polymerization. The
polymerization of the product is interrupted
before it is completed and it is packaged in an
air tight container to prevent further poly-

!'Lecturer in Orthopedics, University of Virginia.

2 Prosthetist, University of Virginia, Department of
Orthopedics, Division of Prosthetics and Orthotics.

YSolar Laboratories, Inc., Torrance, California.

VIRGIL FAULKNER, C.P.O'
CHARLES PRITHAM, C.P.2

merization until the material is ready to be
used. The fiberglass, BETA type, was devel-
oped by NASA and is being marketed under
the trade name of Lightcast®.’

Our attention was drawn to the material by
the Navy Prosthetic Research Laboratory,
Oakland, California in a preliminary report
entitled Lightcast Amputation Stump Soc-
ket (1) which advocated application of the
material over the stump. We made several
sockets according to the instructions given in
the preliminary report, but found that it was
all but impossible to apply pressure properly
to pressure tolerant areas and to relieve in
areas that are pressure sensitive. These
studies led us to the development of the pro-
cedure described in this paper which involves
the use of a rectified model of the stump.

MATERIALS AND EQUIPMENT
REQUIRED

. Lightcast lamp®.
. Four rolls of four-inch Lightcast®,
. One, five-ply stump sock.
. One, endoskeletal type modular system,
. One SACH foot.
. One cosmetic cover.
. One complete channel assembly for a
Fillauer-type removable brim. (2)
8. Two rolls of two-inch Lightcast®,
9. Two rolls of three-inch Lightcast®.

CASTING AND MODIFICATION

A negative cast is taken in the usual way
using elastic plaster-of-Paris bandages. The
cast is filled with plaster of Paris, and the
positive model is modified in the usual
manner (Fig. 1).

FABRICATION OF THE SOCKET

The step-by-step fabrication procedure
for the Lightcast® socket is as follows:

~NON OB
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FIGURE 1

1. Coat the positive model with a parting
lacquer.

2. Apply a five-ply wool stump sock to the ,
positive model. Do not stretch the material. FIGURE 2
Staple to the proximal end of the mold (Fig.
2).

3. Apply two layers of four inch Light-
cast® material over the five-ply wool stump
sock (Fig. 3).

4. Place the mold in the Lightcast® light
for three minutes (Fig. 4).

S. Make one longitudinal cut down the
medial aspect of the socket with an electric
cast saw. Do not cut the five-ply wool stump
sock (Fig. 5).

6. Remove the socket from the mold.

APPLICATION OF THE SOCKET
TO THE MODULAR SYSTEM

The VAPC adjustable pylon (3) is used
routinely in our laboratory for below-knee
prostheses, and the procedure for attaching
this system to the socket is described here.
However, the skilled practitioner will find
that any one of the commerical available sys-
tems can be adapted to this socket.

1. Attach the correct size SACH foot to the
VAPC shank and ankle plug assembly using
the instructions provided by the manufac-
turer. FIGURE 3




A PORUS SOCKET 3

FIGURE 4

FIGURE 6

2. Set the Lightcast® socket into the
socket attachment assembly and bend the
four attachment straps to the contours of the
Lightcast® socket.

3. Adjust the straps until the socket is
brought into good “bench” alignment.

4. Lay.one strip of two-inch Lightcast®
material under each of the four attachment

FIGURE 5 straps.
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S. Starting one-half an inch above the
proximal end of the attachment straps (Fig.
6), completely cover the straps by making
circular wraps until two layers of Lightcast®
material are laid down. This wrap should
extend to the superior edge of the socket (Fig.
7.

6. Place the socket and socket attachment
assembly into the Lightcast® light for three
minutes.

7. Shape the Fillauer channel assembly for
the socket.

8. Wrap a three-inch piece of Lightcast®
material around the wings of the channel
assembly.

9. Make one circular wrap around the
proximal portion of the cast. Lay on the
channel assembly and continue wrapping
until four layers completely cover the channel
assembly (Fig. 8).

10. Place the socket in the Lightcast® light
for three minutes. Remove and make normal
cuts with an electric cast saw to remove the
medial brim.

1t. Take 100 grams of 4110 polyester resin
stlightly thickened with sulfa flux and
completely impregnate the material covering
FIGURE 7 the four socket attachment straps and the
Fillauer channel (Fig. 9).

FIGURE 8 FIGURE 9




A PORUS SOCKET

12. Remove the medial brim and trim the
proximal edges.

13. Attach the socket and socket attach-
ment assembly to the shank tube and the
prosthesis is ready for dynamic alignment
(Fig. 10).

After dynamic alignment a semi-rigid foam
product called Koroseal can be fabricated to
form a cosmetic cover as described by the
United States Manufacturing Company *.

DISCUSSION

The advantages of a porous socket made
trom Lightcast® are, the ability to permit the
interchange of air and to some extent control
the accumulation of fluids within the socket
(Fig. 11). Lightcast® affords a light, porous,
easy applied, and quickly cured material with
a high resistance to impact for the construc-
tion of a prosthetic socket.

Many prosthetics facilities may find the
application of this procedure to the patient
prohibitive because of the high cost of the
Lightcast® lamp.

The Lightcast® lamp uses a standard
three-prong outlet, draws an average of nine
amperes, and is designed to operate on a 120
volt system. A 15 ampere circuit is recom-
mended. This device is necessary for curing
Lightcast® because the polymerization pro-
cess will not be completed unless the material
has been subjected to ultraviolet light. How-
ever, it seems possible that most centers
working with handicapped people will find
this system of value because Lightcast® can
be used in place of plaster of Paris in many
instances including splints for immobilizing
fractures. It also can be used to provide
simpler splints in place of other plastics.
Lightcast® is radio-transparent, and the
patient is able to use it immediately after a
three-minute curing period. A twenty-four
hour waiting period before full weight-
bearing is considered to be desirable but our
experience has found it not to be essential.

REFERENCES

! Asbelle, Charles, and Michael Arrigo, A "lightcast”
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The INAIL-CECA Prostheses’

HANNES SCHMIDL?

In 1964, the research department, of the
INAIL Prosthesis Center at Vigorso di Bud-
rio, began the development of a myoelectri-
cally controlled prosthesis for upper-limb am-
putees. During that year, prostheses were ap-
plied, experimentally, to one unilateral am-
putee and to one bilateral amputee in order to
investigate the practicality of the controls and
acceptability by the patients.

After evaluating the initial research, we set
up a small scale production run of fifty sets of
parts to determine the problems associated
with the application of myoelectric prosthe-
ses, and, above all, for the purpose of elimi-
nating any weak points that might come to
light during their use.

This first phase of practical application
lasted over a year. In 1965, when it was
certain that the myoelectric prosthesis we had
developed provided a definite advantage to
the upper-limb amputee, we began mass pro-
duction of this device.

At first, our myoelectric prostheses could
be applied only tc below-elbow amputees. If,
at this initial stage, we had not foreseen the
possibility of applying this principle to higher
level upper-limb stumps, our program would
have been terminated. In our opinion, the
true value of myoelectrically controlled pros-
theses is found in the replacement of two,
three, or four articulations.

For this reason, concurrently with mass
production of the below-elbow myoelectric
prosthesis, the research team began a pro-
gram to develop a multichannel myoelectric
control system that would make it possible
and feasible to utilize more than six myo-
electric signals in a high level upper-limb
amputee,

Research in this difficult task extended
over a period of three years and was con-

! This article was originally presented by the author
as the Ninth Louis J. Horowitz Lecture. The Department
of Rehabilitation Medicine, New York University Medi-
cal Center, April 25, 1972.

2 Technical Director, Instituto Nazionale Pez L Assicu-
razionl, Contro Gli Infortuni Sul Laroro

ducted with financial support from the
European Coal and Steel Community. The re-
search was completed in 1970, and large scale
application of the multichannel, myoelectri-
cally controlled prosthesis was undertaken.
This made possible the production of pros-
theses with myoelectric control over eight
movements.

A myoelectrically controlled prosthesis for
above-elbow or shoulder-disarticulation am-
putees must provide at least three move-
ments; that of the hand, wrist, and elbow. In
patients of this type, however, there are a
limited number of muscles available that can
be used for control, and thus the task is
complicated.

An on-off myoelectric control delivers a
single movement from each muscle. This
approach is impractical for amputations at
high levels due to the lack of signal sites.
Also, in fitting these high level cases with
either mechanical or “switch control” electric
power, the movements are not as harmonious
as they are in the natural arm. Nor is amputee
acceptance of the prosthesis as high.

The situation is quite different when it is
possible to give the patient control over
gripping force of the hand directly propor-
tional to muscle contraction and also give the
patient control over the speed of its move-
ment. This possibility was offered by the
development of an electronic device that ob-
tains at least two controls from a single
muscle while, at the same time, provides
proportional control.

The most important “break through” in
this program came with the development of a
two-part amplifier that made it possible to
utilize various levels of muscle potzntial;
levels that are quite distinct and can be con-
trolled by the amputee. The first part con-
sists of an integrated circuit differential amp-
lifier followed by a transistor which further
amplifies the signal. Regulation of the output
level is achieved through a potentiometer.
The second part transforms the output signal
of the first part into a two-level signal.
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The lower-level signal controls a power
transistor connected directly to the power
supply for motor movement. Control that is
proportional to the contraction of the muscle
itself is thus obtained. When the power tran-
sistor is saturated, the upper-level signal be-
gins to function, activating a relay which re-.
verses the polarity of the motor, and contin-
ues functioning as long as the muscle re-
mains contracted. Upon rapid release of the

muscle contraction, the motor again,
momentarily,  reverses  polarity, thus
achieving a braking effect. The two

movements are controlled independently and
do not interfere¢ with each other.

This new amyplifier enabled us to utilize one
muscle for two-signal myoelectric control,
and during practical tests we recognized that
the instruments normally used for deter-
mining muscle sites for the myoelectric pros-
thesis were inadequate. It was further ob-
served that for the application of multichan-
nel control, the amputee requires special
training. To assist in training it was necessary
to develop an instrument capable of regis-
tering muscle potentials while at the same
time indicating to the amputee through sig-
nal lights optimum control of the muscle used
to operate the prosthesis.

The training instrument known as a myo-
meter is used tc measure muscle potential,
and to determine electrode location sites (Fig.
1). In addition, it is used to conduct practical
tests on the amputee in the use of proportion-
al multichannel control. These tests also give

r’. r
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Fig. 1. The myometer used for training the patient in control of the prosthesis.

the technician the necessary information for
correct adjustment to the two-level muscle
signal to meet the requirements of individual
amputees.

Several warning lights of ditferent colors
correspond to the movements for opening and
closing the hand and for wrist rotation. The
varying intensity of the signal lights indicates
to the amputee the proportionality of his own
muscle contraction.

Such an instrument is indispensable. It was
designed to give the amputee opportunity for
adequate practice, so that he can obtain the
utmost function possible from his myoelectric
artificial arm with multichannel control.

At this point of our research we discovered
it was possible to obtain eight signals by uti-
lizing the pectoral, biceps, deltoid, and
triceps muscles leading to the application of a
myoelectrically controlled prosthesis on an
above-elbow amputee (Fig. 2).

It is interesting to note that the first
amputee to experiment with the above-elbow
prosthesis learned to control independently
the various movements within a few days.
Thus, for the first time, a practical prosthesis
with myoelectric control of the hand, wrist
and elbow function was achieved (Fig. 3).

With the new multichannel amplifiers six
signals are necessary. Two signals remain
available for control of such additional move-
ments as wrist flexion-extension, humeral ro-
tation, or, in the case of shoulder disarticula-
tion, for articulation of a shoulder joint. So,
with the availability of this multichannel
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Fig. 2. View of an above-elbow socket for the myo-
electric arm showing the positions of the electrodes.
myoelectric control system, it has now
become possible to apply in a practical man-
ner prostheses to all levels of upper-limb
amputation (Fig. 4).

After the fabrication of a small quantity
for experimental purposes, there began in
1971 the mass production of myoelectric
prostheses for arm amputees. The INAIL

Prosthesis Center of Vigorso de Budrio has,
up to the present time, applied myoelectrical-
ly controlled prostheses to more than a
thousand unilateral and bilateral upper-limb
amputees.

None of the amputees encountered insur-
mountable difficulties in adapting themselves
to the prosthesis. Many of them have been
able to resume their former activity or take up
a new kind of work, encouraged to do so by
the excellent function of the prosthesis itself.
The ages of the patients range from seven to
seventy-five years.

At the present time, there is no type of
prosthesis that can offer greater function. It
should be emphasized that the application of
a myoelectric prosthesis requires special tech-
niques, training, and knowledge, and, above
all, special equipment. It is only in this man-
ner that maximum results can be obtained.

THE PROSTHESIS

The INAIL-CECA myoelectric system has
been and will continue to be the object of con-
tinued improvement. Even today it is not pos-
sible to speak of a definitive system that is no
longer capable of being improved.

It is extremely important that new technol-
ogy be incorporated as it becomes available,
but it must be recognized that continual

Fig. 3. Two views of the above-elbow myoelectric prosthesis.




changes create difficulties for the firms that
manufacture components for prostheses. It
may happen, in fact, that a product on the
verge of being offered is rendered obsolete
even before being placed on the market.
Moreover, in order to control costs, it is
necessary to produce large quantities. This is
further complicated because the market is
not now in a position to absorb large quanti-
ties. And, finally, it must be remembered,
that, in the fabrication of a myoelectrically
controlled arm, the prosthetist may, at times,
be forced to develop his own special compon-
ents for unique cases without being able to
make use of commercially available parts all
of which further complicates the problem.

Presently, we have available the following
components (Fig. 5):

electrically powered hands

passive wrist units

stump activated wrist units
electrically powered wrist units
outside locking elbow hinges
electrically powered elbows
amplifier for single-channel systems

Fig. 4. A shoulder-disarticulation type patient with and without his myoelectric prosthesis.
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amplifier for multichannel systems

batteries for insertion in the prosthesis

batteries for external application

At the present time, we use an electric hand

that is mass produced to our specifications by
the firm of Otto Bock. It is known as the 8E8
Model Z6 hand. It provides a maximum
opening of the fingers of more than ten centi-
meters (approximately 4 inches) and a grip-
ping force of over 10 kilos (approximately 22
pounds). To date approximately 750 ampu-
tees who are engaged in widely varied
activities have been fitted with this type of
hand. In practice, the hand has given proof of
durability and maximum function. The 8E8
hand does not lend itself, ideally, to propor-
tional control because of its special gearing
which transforms speed into force at the
moment the fingers encounter resistance.
While waiting for the new hand, created
especially for proportional control, we use the
older model.

PASSIVE WRIST UNIT
The passive wrist unit allows passive
rotation of the hand through a range of 360°.
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Fig. 5. The compenents available for use in fabrication of myoelectric prostheses.

Various friction designs maintain the hand in
the desired position.

STUMP-ACTIVATED WRIST UNIT

The stump-activated unit is especially suit-
able for long stumps that have residual active
pro- and supination of the wrist. These units
are made in such a way that they require very
little space and can, therefore, be used in fit-
ting prostheses to very long stumps, even dis-
articulation of the wrist, since they do not
create problems of excessive length in the
artificial limb.

ELECTRICALLY POWERED
WRIST UNIT

An electrically powered wrist unit that uses
the same motor and gear reduction unit used
in the hand was developed. In order to have a
rational, yet economical approach, we feel it
is important to standardize on the same drive
system for all three components—hand,
wrist, and elbow. This wrist unit is small
enough to be used in prostheses for very long
below-elbow stumps. [t requires only 55 mm
(2 1/8 in.) of linear space. The weight is about
180 gr. (6 1/4 oz.), range of motion is 360°,
and the speed can be regulated by the propor-
tional control. An additional feature is auto-
matic locking.

OUTSIDE LOCKING ELBOW HINGES
Hosmer outside locking hinges are used for

long above-elbow stumps especially in cases
utilizing short sockets and hydrostatic pres-
sure for suspension. Because locking and un-
locking of this joint requires only minimal
cable travel (3 mm) all control movements ap-
pear natural and harmonious.

ELECTRICAL POWERED ELBOW

The electric elbow uses the same type of
motor as the hand and the wrist but with dif-
ferent gearing. The possibility of utilizing the
reduction gear of the hand and wrist for the
elbow is being explored. Presently, two
motors are used in this elbow to drive the
mechanism that makes possible a maximum
speed of 1.2 sec. for the complete extension
and flexion of the elbow. The lifting capacity
is 1.5 kilograms (3.3 1bs.) with a lever arm of
45 cm (18 in.). The total weight of the elbow
unit is 400 gr. (14 oz.). It can be used with
proportional control.

AMPLIFIERS FOR SINGLE AND
MULTICHANNEL CONTROL

The amplifier for both the single and the
multichannel systems consists of two ele-
ments. One of the elements is the same for
both systems, except for a slight modification
in the final stage of the multichannel system.

The first element consists of an integrated
circuit differential amplifier, with selective
response on the frequencies between 200 and
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500 Hertz. The gain at maximum sensitivity is
about 50,000 times the input signal.

The single-channel system of the second
element uses a miniaturized final amplifying
unit that can be inserted into the hand itself.
In the multichannel system, this element pro-
vides an output signal at two levels. The
lower-level signal controls a power transistor
directly connected to the power supply of the
motor for movement, thus providing a con-
trol proportional to the contraction of the
muscle itself. At the upper level, when the
power transistor is in a state of saturation, a
relay that inverts the polarity of the motor is
activated and remains in operation as long as
the muscle is contracted.

When the muscle is relaxed quickly, the
motor passes, for an instant, to the preceding
condition and a braking action is thus ob-
tained. The two movements are controlled
independently of each other and therefore do
not interfere with each other. For example, in
the myoelectric control of a hand the first
level is utilized for proportional control for
closing the hand and the second level for the
opening of the hand.

BATTERIES

At present we use two types of batteries, the
225 DKZ type and the 450 D type manufac-
tured by Varta. Both types are nickel-cad-
mium rechargeable batteries. The 225 DKZ
type supplies 12 volts at 225 mA/h and
weighs 130 gr. It is small enough for it to be
contained wholly within the prosthesis. The
450 D type supplies 12 volts at 450 mA/h and
weighs 280 gr. It is used with a battery case
outside the prosthesis and can be worn
anywhere on the body.

With the availability of the prefabricated
components it is possible to provide a myo-
electric prosthesis for all levels of amputa-
tion, ranging from a disarticulation of the
wrist to disarticulation of the shoulder.

For the fabrication of the myoelectrical
prosthesis, a special technique that uses a
thin-wall inner socket has been adopted.
Foam plastic is used to give the arm its final
shape, and a thin lamination is applied over
it. The foam plastic is then removed and the
resulting hollow space is used to house elec-
tronic components and batteries.

By means of this technique, it has been
possible to insert all electrical components
into the prosthesis, with benefits not only
from the point of view of appearance but also

from that of practicality. Because all critical
components are protected, they are not sub-
ject to damage as if they were mounted
externally.

At the present time we have fitted over
1000 amputees with myoelectrical prostheses.
These patients have returned to work and
utilize their prostheses in manual activities
that would not be possible without the use of
their prostheses. It is interesting that there
are only a very small number of persons who
have had difficulty in adapting themselves to
this type of prosthesis. The results of a study
carried out on the first five hundred amputees
we have fitted with the myoelectric prosthesis
are presented here.

The levels of amputation for the first S00:

254 Right below-elbow amputees
168 Lett below-elbow amputees
21 Bilateral below-elbow amputees
1 Bilateral above-elbow amputee
2 Bilateral amputees (right BE and
disarticulation at left wrist)

1 Bilateral amputee (left BE and dis-
articulation at right wrist)

1 Bilateral amputee (right BE and
left AE)

29 Right above-elbow amputees

18 Left above-elbow amputees

1 Disarticulation at right elbow

4 Disarticulation at left elbow

The results of the study are as follows:

54 amputees were able to resume their
previous occupations

273 were able to take up another
occupation

65 are students who wore their prosthe-
ses continuously

12 are housewives who use their pros-
theses in their housework

33 wear the prosthesis although they
are so seriously disabled that they
do not carry on any activity

28 wear the prosthesis occasionally

32 amputees do not wear the prosthesis
because of the frequent need for re-
pairs and the 'noiseness. These are
disabled persons whose prostheses
were constructed before 1969, when
the first type of hand was perceptibly
noisy. This hand is now being re-
placed with a new one.

3 amputees have not been able to wear
their prosthesis because of allergic
reactions.

The results reported are extremely encour-
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aging if one considers that the study was car-
ried out on the first five hundred amputees
fitted with myoelectric prostheses, including a
small number of amputees fitted in 1965-66
with the products of our first research efforts.
If a comparison is made between the data of
investigations carried out by this Centre and
investigations by other countries in which the
fitting of myoelectric prostheses has begun,
one immediately notes the higher percentage
of disabled who make effective use of the
INAIL-CECA prosthesis. It is not arbitrary to
state that such a high percentage has never
before been attained.

I think that throughout the world the total
number of amputees fitted with myoelectric
prostheses must be between 5,000 and 6,000.
The results have become more satisfactory
since it became possible to apply myoelectri-
cally controlled prostheses to above-elbow
amputees and to disarticulations at the
shoulder. The utilization of eight myoelectric
signals has broadened the possible applica-
tion of myoelectric prostheses, and, I am sure
we still have many possibilities for further
development.

SENSORY FEEDBACK

After completion of the research program
for multichannel myoelectric control and,
after the start of mass production of this type
of prosthesis, research was directed towards
the feasibiity of incorporating sensory feed-
back into the myoelectric prosthesis. When
text books on limb prosthetics and the pro-
ceedings of various congresses are consulted,
it will be found that they always refer to
mechanical function with little, if any,
reference to sensory function. It is a fact that
an arm amputee has lost not only mechanical
but also sensory function. Consequently, the
research team at the Budrio Prosthesis Centre
began research to give an artificial hand
sensory feedback.

Much information can be transmitted to
the human body through the visual and audi-
tory senses. We know quite well how indis-
pensible these senses are in daily life. It is not
possible to restore eyesight, but we can
restore the sense of touch, to a degree, by
transmitting information through the skin
using both mechanical vibrations and
electrical stimuli.

According to experiments in physiology the
skin is most sensitive to vibrations at 200
Hertz, but, vibrations over 150 Hertz are too

intensive. For this reason, sinusoidal vibra-
tions around 100 Hertz were tried first, the
amplitude of which was modulated by the in-
put signal.

At the beginning consideration was given
to a mechanical vibrator. Later this was re-
placed by an electrical stimulator, because
the mechanical devices were excessively
bulky, and we began to realize that the
information given by electrical stimulation
was better perceived than were the
mechanical vibrations.

Consequently, an electronic device was
developed for sensory feedback information
by means of skin stimulation. It consisted of
an amplifier section and a final section. The
power supply is 12 volts D.C.

The stimulator functions automatically
and only when resistance between the fingers
is encountered during prehension. As resis-
tance increases, the frequency changes, and
the patient is able to evaluate the degree of
gripping force. The voltage output of the
terminal section is about 75-80 volts. Fre-
quency varies from 0-50 Hertz. The informa-
tion time lag is so small as to present no
problem.

The arrangement avoids excessive irrita-
tion of the skin and conserves power.

The electrodes for sensory feedback can-
not be incorporated in the socket where the
electrodes for myoelectric control are located,
because skin stimulation may cause a muscle
fibrillation that will upset the use of the con-
trol. The sensory feedback electrodes do not
create any disturbance of this kind when they
are applied on an arm band mounted on the
outside of the socket.

The first application of a prosthesis with
sensory feedback was on a blind woman with
bilateral below-elbow amputations. It has
given satisfactory results. Even we research
workers were astonished at the accuracy of
the information received by this patient, and
at the precision with which she controlled the
prosthesis.

This research is now at the stage of
practical application. There is no doubt that,
during this phase, the need for changes will
become evident in order to obtain maximum
function. One thing is certain, and that is that
sensory feedback for an artificial arm must be
given consideration because we know that a
myoelectrically controlled prosthesis with
sensory feedback information renders the
amputee prosthesis relationship closer and
more perfect, so that even from a purely
functional point of view, it is possible to
achieve the maximum that can be expected.




The PTB Supracondylar-Suprapatellar
Air-Cushion Socket

The patallar-tendon-bearing supracondy-
lar, suprapatellar air cushion (PTS-AC)
below-knee (BK) prosthesis is a special modi-
fication of the supracondylar, suprapatellar
suspension and the air cusion socket. The air
cushion principle in combination with the
patella tendon-bearing (PTB) prosthesis was
introduced by Lyquist, Wilson, and Radcliffe
(Fig. 1), (2) in 1965. It requires more accurate
casting, fitting, and fabrication, and impor-
tantly, final reduction of stump edema. We
have added a refinement to the fitting and the
final fabrication of prostheses for BK
amputees— the “check-socket” technique,
whereby during the fitting period the patient
walks in the prosthesis approximately two
hours, has periodic examinations for areas of
irritation or excess pressure on the stump,
and has adjustments made immediately.

Lyquist, Wilson, and Radcliffe (2) docu-
mented the results of improved comfort and
decreased proximal pressure in a controlled
clinical study of five amputees, each of whom
for an initial period had worn a PTB hard
socket prosthesis and then each was fitted
with a PTB-air cushion prosthesis. They high-
lighted their report with evidence that a

! From the Orthopedic Service, Department of Sur-
gery, Letterman General Hospital, Presidio of San Fran-
cisco, California.
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— EXTERNAL RIGID SHELL
POLYESTER LAMINATE

— JUNCTION BETWEEN EXTERNAL
RIGID SHELL AND INTERNAL
ELASTIC SLEEVE
INTERNAL ELASTIC SLEEVE

SILICONE RUBBER - STOCKINET
LAMINATE

POLYESTER LAMINATED CAP

SEALED AIR VOLUME
ATMOSPHERIC PRESSURE

Fig. 1. The Air-Cushion Socket, From (2).

former ulceration located at the distal end of
a stump healed while the patient was wearing
the air cushion socket. Our experience sup-
ports their observations. We are now using
the air cushion prosthesis with the
supracondylar, suprapatellar suspension
mechanism with increasing success. We pro-
pose that our modifications of fitting and
fabrication with the check-socket technique
are responsible for this success. The purpose
of this paper is 1) to review the concept of the
PTB, and the PTB-air cushion prosthesis 2)
to describe the fitting and fabrication of the
PTS-AC prosthesis, 3) to compare the
responses of a group of patients wearing PTB
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Fig. 2. Condition of below-knee stump prior to fitting
with a PTS-AC socket.

prostheses to a group wearing the PTS-AC
prostheses, and 4) to point out with illustra-
tive cases the individual indications and ac-
complishments of the PTS-AC prosthesis. We
have two examples of additional modifica-
tions. The emphasis of this paper will be on
the fabrication of the PTS-AC prosthesis and
the value of the “check-socket” technique.

PRINCIPLES OF THE PTB
PROSTHESIS AND THE
AIR CUSHION SOCKET

Lyquist et @/ had noted the advantages
of the PTB prosthesis, particularly the elimi-
nation of the thigh corset thus permitting
greater freedom of movement for the wearer,
and total contact between socket and stump
to improve circulation and help control
edema. Even with the improvements, they
noted that some patients still had edema or
excessive pressure on the distal end of the
stump. Lack of stump contact, as explained
by Foort and Johuson?, is the cause of most
cases of stump edema. Elimination of this
type of edema is accomplished by having an

ideal stump-socket pressure relationship.
This, of course, was the designers’ premise for
the development of the air-cushion teature of
the PTB prosthesis. [t was their intention, as
well, to reduce proximal stump constriction.
A tighter, more secure proximal fit had been
used in order to avoid distal friction but had
resulted in an increased risk of distal edema.

The PTB air-cushion socket (without the
cap) was constructed somewhat shorter than
the natural stump length so that when the
stump moved distally in the socket with
weight bearing, the elastic sleeve would
stretch and provide increased pressure on the
distal end of the stump, simultaneously con-
tracting around the stump. The effect is
similar to that which occurs when a finger is
pushed against a suspended sheet of elastic
material. An additional source of stump soc-
ket pressure is the sealed-in air volume distal
to the elastic sleeve. Since volume and
pressure are inversely proportional at con-
stant temperature, the pressure in the closed
air volume chamber increases as the elastic
sleeve stretches under load. Recordings of
this air pressure made by the original de-
signers showed that maximum values of 60 to
100 mm Hg (positive) and 30 to 60 mm Hg
(negative) pressures are produced during the
stance and swing phases of the walking cycle.
An air-cushion effect is generated in the
stance phase and the negative pressure
contributes to the suspension of the
prosthesis during the swing phase.

In principle, the ability of the elastic sleeve
to conform to the stump increases the area of
the distal stump in contact with the socket,
and therefore a better functioning, more com-
fortable, partial end-bearing socket is the
result. Reduction of the pressure difference
between the distal and the proximal portion
of the stump further minimizes the risk of
edema. The possibility of skin damage over
the distal end of the tibia or fibula is reduced
because the elastic sleeve moves distally and
encompasses the stump during weight-
bearing. It is probable that the gradually in-
creasing pressures exerted around the stump
by the action of the elastic sleeve contributes
to the reduction of skin movement relative to
bony structures.

PRINCIPLES OF THE
PTS-AC PROSTHESIS

Our concept and principles of the PTS-AC
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prosthesis can be stated in four points which
are refinements to the fitting and tabrication
process of the PTB air cushion prosthesis of
Lyquist et al*: 1) We have a different method
of suspension—supracondylar, suprapatellar.
2) The Silastic sleeve inside the PTS-AC pros-
thesis is not as long, i.e., it is not brought up
inside the socket as high as the fibula head or
the tibial tubercle. Thus, any possible irrita-
tion of these critical areas is avoided. 3) The
socket is contoured to fit exactly the patient’s
stump, in contrast to the PTB air-cushion
prosthesis where the socket is constructed
shorter and then covered by an external cap
that creates a space to allow for stretch of the
Silastic sleeve. We provide this space by
adding wax and then melting it out, thereby
providing room for the distal movement.
Thus the principle proposed initially is ful-
filled, but with a more critical fit of the
patient’s stump. 4) Our check-socket techni-
que permits altering the fit of the prosthesis
before final fabrication. In essence, the first
negative model without the Silastic sleeve is
fitted to the patient, and he walks in this
model for approximately a two-hour period.
Frequent examinations are made of the
stump to determine areas of rubbing or in-
complete contact. After these are relieved, or
built up, as necessary, a new positive is made.
The Silastic is added during the final fabrica-
tion process.

FABRICATION
Materials and Equipment:
Cast sock Cast cutter
Plaster, 4-inch Silastic, 384 Dow
rolls Corning
Water Paraffin wax
Model plaster Glass cloth
Surface-forming Styrofoam
files Adjustable walking
Plaster knife leg
Abrasive screen Vertical fabrication
Wet-or-dry sand- jig
paper Vacuum machine
Parting lacquer Hot plate and pot
PV A film Sanding machine
Dacron felt, Y2 0z. Hose clamp
Nylon stockinette  Foot (i.e. SACH foot)
Polyester resin: Ankle block and bolt
flexible 4134 Scissors
rigid 4110 Plastic knife
Wood shinblock ~ Hammer

Clay, oil-based
Masking tape

PROCEDURES

The primary dissatisfaction that prosthe-
tists have had with the air-cushion prosthesis
has been the problem encountered in making
adjustments to the socket. With the check-
socket technique we attempt to make all the
necessary changes before adding the Silastic
and completing the air-cushion design. An il-
lustrative example is a patient who had been
wearing a PTB prosthesis which no longer fit-
ted. His stump showed distal induration,
edema, and local cellulitis (Fig. 2). We
prescribed for him a PTS-AC prosthesis.

The steps of fabrication are:

Step 1. Place stockinette on the stump.
Hold the knee in approximately 20 degrees
flexion. (This will vary with the stump
length—as length decreases, the amount of
flexion increases.)

Step 2. Wrap plaster on the stump. Define
the head of the fibula, the proximal border of
the medial femoral condyle, and the patellar
tendon.

Step 3. Remove cast from the patient’s
stump. Fill with model plaster. Modify posi-
tive model, as required. Paint with parting
lacquer and cover with polyvinyl alcohol film
under vacuum.

Note. Usually the prosthetist fabricates the
air-cushion socket at this point, relying on the
cast and his measurements to obtain the
proper fit. By using the check-socket tech-
nique, we believe a more accurate socket fit
can be obtained and distal pressures will be
within the tolerance of the patient. With the
check socket a true mold of the distal stump
is obtained under weight-bearing while
walking over approximately a two-hour
period (between Steps 3 and 13 of the fabrica-
tion process).

Step 4. Place three layers of one-half-
ounce Dacron felt and two layers of nylon
stockinette on the model (Fig. 3, left).

Step 5. Place a PVA bag under vacuum
over model.

Step 6. Impregnate a mixture of 60 per-
cent rigid, 40 percent flexible polyester resin
into this material (Fig. 3, right). After the
resin is cured, break out the plaster model
and trim the proximal border of the socket.

Step 7. Install the check-socket into a
wooden block and statically align it on an
adjustable BK leg with a foot of the correct
size (Fig. 4).

Step 8. Place the prosthesis on the patient
and check the fit of the socket.
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Fig. 3. Left, Model of stump covered with three layers of one-half ounce Dacron felt and two layers of nylon
stockinette; Right, Impregnation of Dacron felt and nylon stockinette with a 60-40 mixture of rigid and flexible poly-
ester resins to provide the check socket.

Step 9. Align the prosthesis dynamically
(Fig. 5). Examine the stump for signs of irrita-
tion or pressure.

Step 10. Adjust the socket by adding
leather fill to correct loose areas (Fig. 6) or by
grinding where there appears to be pressure
sites.

Step 11. Add small amounts of oil-based
clay to the distal portion of the socket (Fig. 7).

Step 12. After the patient has walked on
the prosthesis, ideally for two hours, check
the distal socket for imprint, and add clay
until firm, even contact is obtained. Examine
the stump at intervals of time for areas of irri-
tation or excess pressure. Analyze the impres-
sion of the stump sock in the clay. When the
fitting is complete, the clay in the distal
portion of the socket will show sock marks
evenly, and will blend into the plastic walls of
the socket (Fig. 8).

Step 13. Mark the foot-socket relation-

ship, remove the foot, and place the prosthe-
sis in the vertical fabrication jig.

Step 14. Extend the proximal border of the
socket with tape, and fill the socket with
plaster.

Step 15. After the plaster has hardened,
remove the adjustable leg and wood block,
and bivalve the socket (Fig. 9).

Step 16. Remove the socket from the
plaster model and sand the model with fine
wet-or-dry sandpaper.

Step 17. Paint the prepared model with a
parting agent. Now the fabrication of the air
cushion socket begins.

Step 18. Place three layers of nylon stock-
inette over the model.

Step 19. Pull a PVA bag over model. Place
under vacuum. Attach a hose clamp lined
with rubber, and tighten (Fig. 10). This will
determine the proximal border of the Silastic
sleeve.
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Fig. 4. The check socket mounted on a below-knee
adjustable leg.

Step 20. Impregnate into the nylon a
mixture of Dow Corning Silastic #384.

Step 21. When the Silastic has hardened,
build up the distal end of the model with
paralfin wax to the thickness of one-half inch
and taper it up the walls (Fig. 11).

Step 22. Cover the wax portion with glass
cloth to add strength.

Step 23. Add three more layers of stockin-
ette and laminate with a mixture of 35
percent flexible and 65 percent rigid polyester
resin.

Step 24. When the plastic has set, cut a
hole in the end of the socket (Fig. 12).

Sept 25. Place the socket in hot water to
melt out the wax. Seal the wax escape hole to
create the sealed air chamber.

Step 26. Place the socket back in the
vertical fabrication jig in the same position
that the final dynamic alignment was
obtained. Replace the adjustable leg with
Styrofoam.

Step 27. Shape the prosthesis.

Fig. 5. Dynamic alignment of the temporary pros-
thesis.

Fig. 6. Leather 1s used to fill Joose areas when they
exist.
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Fig. 7. Oil-based clay is placed in the distal portion of the socket to determine
adequacy of socket fit in the distal portion.

Fig. 8. Oil-based clay is blended into socket wall by pressure from the stump. A perfect
mold is attained when sock marks are even,

Fig. 9.
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Fig. 11. Addition of wax to build up the distal socket
area to create the space for the sealed-in air chamber.

Fig. 10. Stockinette, PVA bag, and hose clamp lined . " ] ’
with leather in place in preparation for adding Silastic. Fig. 1.2‘ A hole is cut in the socket end to provide
Hose clamp defines proximal border of Silastic sleeve.  ¢scape for melted wax.
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Fig. 13. Finished prosthesis smoothed and ready for
delivery. Internal contour of Silastic sleeve can be seen.

Step 28. Complete the lamination with two
more layers of nylon stockinette.

Step 29. Break out the plaster model and
smooth the proximal edges of the socket. The
Silastic sleeve, which can be seen from the
inside, is contoured to the patient’s stump
(Fig. 13).

Step 30. Place the foot on the prosthesis
and deliver the prosthesis to the patient (Fig.
14.).

Figure 15 shows the patient’s stump after
he had been wearing the PTS-AC prosthesis
for three weeks.

The check-socket technique requires two to
three hours additional fabrication time, but
we believe that this is well worth the effort
because a more satisfactory fit is obtained,
and the number of return visits for readjust-
ment are reduced.

RESULTS

We were able to canvas 21 of our amputees
—10 wearing PTS-AC prostheses and 11
wearing patellar tendon-bearing prostheses.
Although the numbers were not within the
realm of statistical analysis, we can present
the results of our questionnaire (Table 1) and
comment on the trends of function, durabili-
ty, and cosmesis. Cases are reported to
illustrate the trends.

THE SURVEY

Each group of amputees disclosed in the
questionnaire the number of hours the pros-
thesis was worn daily. The PTS-AC and PTB
wearers claimed approximately the same

Fig. 14. Patient walking with a PTS-AC prosthesis.
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Fig. 15. Patient's stump after wearing PTS-AC prosthesis for three weeks. Inflammation

and edema have resolved.

length of time per 24-hour period (averages,
14.1 and 15.2 hours).

Seven PTS-AC wearers had no distal stump
breakdown. Three reported ‘“‘slight”” break-
down. Two of these decreased the size of their
stump breakdown while wearing the PTS-AC
prosthesis. One of these had formerly worn a
conventional below-knee prosthesis with slip
socket, external joint, and thigh lacer. A two
centimeter distal ulcer had been a chronic
problem for him. A PTS-AC prosthesis was
prescribed following control of infection; no
further ulceration has occurred. Of the PTB
prosthesis wearers, four reported no break-
down, two slight, and five reported ulcers
greater than one-inch in diameter.

Each group reported good to excellent re-
sults on hard flat surfaces and each had com-
parable results on irregular hard surfaces. On
irregular soft surfaces and hilly terrain, the
PTB user is slightly less stable. The supracon-
dylar suprapatellar suspension, as well as the
air cushion principle, probably is the expla-
nation for the increased stability.

The PTS-AC prosthesis was not as accom-
modating to the wearer when kneeling. Many
had discomfort and some felt considerably

unstable. In comparison, no PTB wearer re-
ported that he was unable to kneel, and only a
few indicated discomfort.

A minor difference in the patients’ satisfac-
tion with cosmesis existed in these two
groups. Two of eleven PTB wearers desired
an improvement. Although this is not a sig-
nificant concern of most of our patients, the
supracondylar, suprapatellar construction
does improve appearance, a simple but
important esthetic consideration.

There appeared to be minimal difference in
restriction of knee motion in these two groups
during ambulation and stairclimbing; and
there was little variation in the patients’ re-
ports of prosthetic security.

Only one patient in the PTS-AC group
expressed a desire for additional suspension.
All patients in the PTB group used a supra-
condylar suspension strap, and seven
expressed either a desire for additional
suspension or a dissatisfaction with the strap.
After accidental falls several patients in the
PTS-AC group reported dislodgement of
their prostheses. Whether this is an
advantage or a disadvantage could not be
determined.
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The PTB wearers required more adjust-
ment to their prostheses than did the PTS-AC
group (16 visits compared to 8).

ILLUSTRATIVE CASE REPORTS

Fig. 16. Case No. I.
appearance.

Note the pleasing cosmetic

Case No. 1

A 44-year-old housewife sustained a left
below-knee amputation in an automobile
accident when she was a teenager. She was
fitted with a conventional below-knee
prosthesis with thigh lacer and external knee
joints. After a long period of use, two
attempts to convert her to a PTB prosthesis
wearer were unsuccessful. Local stump pres-
sure, secondary to bony prominence, was a
problem. She was fitted successfully with a
PTS-AC prosthesis approximately eight
months ago. She is highly satisfied with this
prosthesis as to comfort, weight, and cos-
mesis (Fig. 16). Since wearing the PTS-AC
prosthesis she has had an increase in the size
of the quadriceps muscle to the extent that
when she donned her former prosthesis, a
thigh roll was created proximally (Fig. 17).
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Fig. 17. Added quadriceps muscle bulk demonstrated
by Case No. 1 (Fig. 16) when she donned her former con-
ventional BK prosthesis after wearing the PTS-AC for
eight months.

Case No. 2

A 21-year-old Vietnam veteran sustained
an open devitalizing wound approximately
one year before he was fitted with the
PTS-AC prosthesis (Fig. 18). Chronic distal

Fig. 18. Case No. 2. Secure fit of prosthesis is provided
for demanding activities.
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induration has subsided while wearing the
PTS-AC prosthesis. He is employed now as a
salesman, wears his prosthesis an average of
ten hours per day, and drives daily a pick-up
truck with a standard shift transmission.

Fig. 19. Case No. 3. Teacher and part-time interscho-
lastic coach who has excellent functional result,

Case No. 3

A 24.year-old soldier sustained an open
devitalizing wound secondary to a land mine
explosion. After using a P1B prosthesis for
three months he was fitted with a PTS-AC
prosthesis. This patient has demonstrated an
excellent gait pattern for a below-knee ampu-
tee. Presently, he is a teacher of biology and
mathematics, and works two to four hours
per day on the athletic field as an inter-
scholastic football coach (Fig. 19).

Cuse No. 4

This patient has a left above-knee and a
right below-knee amputation resulting from
injuries suffered during combat in Vietnam.
He is presently fitted with a left above-knee
prosthesis with suction socket, hydraulic
“SNS” knee unit, and SACH foot. His four-

Fig. 20. Case No, 4. Above-knce and below-knee am-
putee wearing a PTS-AC prosthesis.
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AT _“ T
Fig. 21. Case No. 5. Three-inch right BK stump which is nearly totally covered by split thickness
skin graft.

inch BK stump is fitted with a PTS-AC pros-
thesis (Fig. 20). Initial distal stump edema
and breakdown associated with infection has
completely resolved while wearing this
PTS-AC prosthesis (Figs. 1 and 15).
Case No. 5

This 24-year-old Vietnam veteran has a
two-inch below-knee amputation which is

nearly completely covered with split thick-
ness skin graft (Fig. 21). Several areas of
breakdown complicated by Staphylococcus
aureus infection protracted his fitting and
ambulation. A PTS-AC prosthesis improved
the condition of his stump and allowed longer
periods of walking, but his requirements for
this labile stump to stand up to the pressures

Fig. 22. Case No. 6. Popliteal scarring in a short BK stump with posterior and distal split thickness skin graft.
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in snow and water skiing, golf and camping
were not completely resolved with the latter
prosthesis. The patient is presently wearing a
patellar tendon-bearing supracondylar, sup-
rapatellar soft socket BK prosthesis with
KEMBLO liner. This has been the most satis-
factory prosthetic prescription for him to
date. The various legs provided by several
fittings can be used on demand.

Case No. 6

This 23-year-old Vietnam veteran had the
complications of popliteal scarring and of
split thickness skin graft stump coverage (Fig.
22). He was bothered by scar sensitivity and a
prominent distal fibula in his PTB prosthesis.
A PTS-AC prosthesis was more comfortable
and allowed longer periods of ambulation,
but further modification was necessary. A
patellar-tendon-bearing supracondylar sup-
rapatellar soft socket BK prosthesis with
KEMBLO liner has resulted in a more satis-
factory prosthetic prescription.

COMMENT

A specialized below-knee prosthesis which
combines the modifications of supracondylar,

suprapatellar suspension and the air-cushion
socket design has been described.

The theoretical function and basic design,
along with our present method of fabrication
and alignment, stressing the importance of
the check-socket technique is presented. A
comparison of two groups (10 wearing
PTS-AC prostheses, 11 wearing PTB prosthe-
ses) in eleven categories provides a
generalized evaluation of the clinical
applications of each type. Several successful
fittings have been presented, highlighted by
the control and elimination of ulceration and
edema and by the conversion of two patients
from conventional BK prostheses (thigh lacer
and external joints). Two cases required ad-
ditional prosthetic consideration—the first
because of complete stump split thickness
skin graft coverage coupled with his active
avocational interests; the second because: of
scar sensitivity,

Although we use the prosthesis most suc-
cessfully in the short BK stump, when bony
prominences exist and when skin cover is less
than ideal, we see no reason why the PTS-AC
prosthesis could not be used for any BK
amputee.

Prosthesis came loose after accidental fall

Revisits for adjustments to prosthesis

TABLE 1
Results of a Questionnaire
QUESTIONS PROSTHESIS
PTS-AC* PTB**
Average number of hours worn in 24-hour day 14.1 15.2
Stump breakdown
None 7 4
Slight 3 2
Ulceration (1" in diam.) 0 5
Usability
Hard flat surfaces GtoE GtoE
Less hard flat surfaces GtoE GtoE
Irregular hard surfaces Fto G Fto G
Irregular soft surfaces FtoG
Hilly surfaces Fto G F
Stair climbing ..... No difference. . . . .
Kneeling Discomfort Les discomfort
Unstable Less unstable
Cosmesis . . .Minor difference. . .
Restriction of knee motion ... No difference. . . . .
Security
When straight E GtoE
When bent G G
Suspension G Desire more

*PTS-AC = patellar-tendon-bearing-supracondylar, supra-patellar air cushion prosthesis, 10 patients sutveyed.
**PTB = patellar-tendon-bearing prosthesis, 11 patients surveyed. Other abbreviations: E=Excellent. G=Good, F=Fair,

Several “yes” Less than PTS-AC Advantage?/
disadvantage?
8 16
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Dynamic Control of Abnormal
M-L Motion of the Os Calcis:

The Cushion Heel Wedge —
A Possible Solution

The efficient control of excessive medio-
lateral motions of the foot has been a problem
for many years. Opinions remain mixed as to
the best approach to managing the variety of
problems which result from foot imbalance.
The growing child’s feet continue to be of
particular concern, since the restoration of
foot balance at an early age is generally con-
sidered to be the best way to prevent bony
deformation later.

At present, the mechanical methods of
controlling abnormal varus or valgus motion
of the os calcis may be said to share a com-
mon feature—the control they offer is static.
That is the os calcis is pre-positioned in the
position of “correction” or “balance,” and
held there forcibly. The most frequently used
method of control for children is the heel
wedge, in conjunction with, or without, a
“Thomas heel.” The practice of preposi-
tioning the os calcis to achieve foot
‘“balance,” by wedging, forces the os calcis to
rest on an inclined surface that is not parallel
to the tloor. It is, therefore, difficult to accept
the claim that such a practice does indeed
restore foot balance. The analysis that follows
led to a search for a dynamic yet simple
means of controlling abnormal M-L motion
in the subtalar joint. The cushion-heel wedge
appears to be a practical solution for either
varus or valgus conditions involving the hind
foot.

THE STANDING POSITION
The downward arrow in Figure 1 repre-
sents the body’s weight passing through the

! Orthotics Division, Indiana University Medical Cen-
ter, 1100 W. Michigan St., Indianapolis, Ind. 46207.

JOHN GLANCY, C.O.

midline of the os calcis, shown in dotted out-
line in a standing position. The circle in the
center of the os calcis represents its axis,

Fig. 1. Schematic posterior view of the right heel in
balance in the standing position.
arbitrarily located. The rectangular block
represents the heel of the shoe. The two
upward arrows represent the floor reaction
force, and the assumption is made that the
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distribution of the reaction force has to be
equal on both sides of the midline of the heel
ot the shoe in order to maintain normal foot
balance.

BETWEEN FOOT-FLAT
AND STANDING

Figure 2 attempts to show the os calcis at
an arbitrary point in time between the instant
that foot-flat has occurred and the time the
tibia reaches the standing, or upright posi-

Fig. 2. Schematic posterior view of the right heel
showing eversion of the os calcis when the foot is pro-
nated.
tion. As the tibia rotates forward during this
period, the weight-bearing line moves medi-
ally and the amount of the body’s weight that
is being borne by the foot increases and
reaches its peak as the full weight of the body
is registered at midstance of the walking
cycle, or one-half the body’s total weight,
when both tibiae reach the standing position.

The standing position subjects the foot to a
constant load for much longer durations. The
assumption is made that the constant load of
long duration during periods of standing is
the major destructive force to normal foot

balance when structural weakness is present.

In the common situation where inversion
motive power and/or the ligament system on
the medial portion of the foot is inadequate,
there appears to be no internal means of
resisting the counterclockwise (eversion) rota-
tion which occurs, except the configurations
of the superior articulating surface of the os
calcis and the inferior articulating surface of
the talus. It should be noted that, at this time,
the fatty pad and skin under the bottom of
the os calcis has not fully flattened, yet the
counterclockwise rotation of the os calcis has
begun.

It is suggested that the os calcis will be
“prepositioned” in pronation before the ver-
tical loading has reached its peak, and that
the final “settling,” as the standing position
is reached, is probably compression of soft
tissues. At the point when even a small frac-
tion of the vertical load makes contact with
the articulating surface of the os calcis, the
body’s weight might be described as being in
“free-fall”’—there being negligible known re-
sistance until full “bone-to-bone” contact
serves as a positive mechanical stop. The
pronated foot then becomes ‘‘locked”
between two equal and opposite forces—the
body's weight from above and the floor
reaction force from below.

The force moment created by the body’s
weight in “‘free-fall’’ about the axis of the ro-
tating os caleis can be assumed to be of a high
magniture. For example, as the os calcis ro-
tates laterally from under the limb above, the
weight line will then fall medial to the axis of
the os calcis. If the patient weighs 50 Ibs. and
the weight line passed Y4 in. medial to the
axis, the moment would be 6.25 inch-pound
about each foot in the standing position. The
“trigger” that sets the counterclockwise
direction of the os calcis in the beginning
appears to be the normal valgus accommoda-
tion that the foot makes to the normal in-
ternal rotation of the tibia in the transverse
plane which occurs between heel-strike and
midstance. In the previous example, the
moment about the axis of the os calcis during
midstance (the full weight of the body now
being borne upon a single foot) increased to
12.5 inch-pounds?. Thus, the abnormal

2 The fact that, at midstance, the weight bearing borne
by the foot (especially the longitudinal arch) is twice that
which is borne during standing is significant to arch sup-
porters and/or shoe inserts designed to support the lon-
gitudinal arch when it is structurally weak. Since the
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valgus position of the foot during standing
may be said to be predetermined by condi-
tions in effect before the standing position is
reached.

The floor reaction force appears to be
equalized on both sides of the midline of the
heel. Its role now would seem to be that of
maintaining the “‘overall’” M-L balance of the
body, rather than foot balance, to accommo-
date the changed circumstances.

THE MEDIAL HEEL WEDGE

As the foot receives its peak load during the
standing position, clinically, the wedge ap-
pears to restore M-L balance to the foot. The
wedge ‘‘checks” the counterclockwise mo-

I
I
|
1

Fig. 3. Schematic posterior view of the right heel in
the standing position when a conventional medial heel
wedge is used.

application of the body’s full weight is inexorably applied
prior to reaching the standing position and can be
lowered only when both feet share the load, it appears
that an important element of the dynamics of the normal
foot is not being considered in the design of current arch
supporters. Assuming that the orthotic goal should be
to achieve as close a mechanical simulation to nature’s
dynamics as possible, the ideal longitudinal arch sup-
porter should yield sufficiently, up to and at midstance,
to permit the normal amount of valgus to occur and then
return to sustain the arch in a normal standing position.

ment by prepositioning the os calcis on an in-
clined plane in relation to the floor (Fig. 3).
This prepositioning is achieved by rotating
the os calcis clockwise in the direction of in-
version as it rests on the inclining wedge. In
effect, the medial portion of the articulating
surface of the os calcis is jammed upward to
become the first point of contact with the
medial portion of the inferior articulating
surface of the talus as the body’s weight is
received. The heel counter of the shoe is
expected to maintain the os calcis in its un-
natural position. The ‘“‘free-falling” of the
vertical load from above appears to be effec-
tively checked. However, the effect is more
apparent than real.

The weakness of the arrangement provided
by the medial heel wedge is that the os calcis
rests on an inclining plane which slopes
downward in the direction of eversion. By
forcibly prepositioning the os calcis thus, its
articulating surface is also inclined down-
ward in the direction of eversion (Fig. 4).
Under such circumstances, it would seem
valid to conclude that as the talus receives the

P T

Fig. 4. Schematic posterior view of the right heel
showing the relatonship between the os calcis and talus
during the early part of the stance phase when the medial
heel wedge is used.
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body’s weight its first point of contact with
the inclined articular surface of the os calcis
must be its medial edge. It would appear to
tollow that this point of contact then becomes
an instant center, A, about which the talus
must rotate. Since the os calcis position is
fixed, the moment about the instant center
will be lateral, where it may be assumed there
exists little, or no, resistance. The direction of
rotation of the talus is now inevitable—clock-
wise and downward in the direction of
inversion. The vertical load might be des-
cribed as “‘free-falling,” until the abnormal
spacing within the talocalcaneal joint has
been reduced by full contact of the two
surfaces. The rapid increase of body weight
upon the talus “locks in" its inclined position
as it rests upon the inclined os calcis.

In such a situation, it appears that one of

two things takes place:

1. Assuming that the mortise formed by the
malleoli of the tibia and fibula does not
permit mediolateral rotation of talus
within the ankle joint, the leg must then
follow the talus as it rotates clockwise
within the talocalcaneal joint, as pre-
viously described. Thus, the line of the
body’s weight as it is borne through the
talus to the os calcis and down to the
floor would no longer be a true vertical
line. The weight-bearing line would now
be oblique and medial to the axis of the
os calcis. The net effect is that all forces
are so aligned that conditions are “‘go”
for the foot to revert to the pronated posi-
tion. It is merely a matter of time, for no
shoe can resist the forces being generated
under the conditions just described.

2. The final “settling” mentioned earlier,
i.e., the compression of the fatty pad
under the os calcis, may be sufficient to
allow the entire leg (fixed os calcis, talus,
et al.) to “right” itself and bring the
weight-bearing line to a true vertical line.
The contact point between the soft tissues
of the heel and the innersole of the shoe
becoming the center point, B, of
rotation. It appears reasonable to assume
that there would be some translatory mo-
tion, along with the rotation occurring
tween the heel and innersole. The key
factor that would determine which of the
two above events would occur would seem
to be that the soft tissue under the heel
must be able to compress (when the peak
load is reached) an amount equal to the

height of the thickest portion of the
wedge, thus enabling the weight-bearing
line through the leg to “right” itself to a
true vertical line in relation to the floor.
The net effect, in the latter case, is that
the os calcis immediately reverts to a
position of eversion taking the foot with
it.

In addition, regardless of which event
occurs, the propensity of the tibia to rotate
internally between foot-flat and the standing
position, accompanied by the valgus accom-
modation of the foot, continues to apply a
counterclockwise moment about the axis of
the os calcis with each step. The os caleis, as it
rests on the sloping wedge, it in an extremely
weak position to resist what can be assumed
to be a counterclockwise moment of con-
siderable magnitude. With surprising rapidi-
ty, the lower, lateral portion of the os calcis
will force the lateral heel counter to bulge
outward. The outward bulging of the lateral
counter permits the os calcis to slide down off
the wedge and resume its pronated position.
A shoe that fits poorly at the heel, or a loosely
laced shoe, expedites the process. Through-
out the process described, the floor reaction
force seems to be a *‘negative factor’ in terms
of foot balance per se. It appears to be
constantly equalizing (either side of the
midline of the heel) to accommodate to each
change as it occurs, thus maintaining M-L
balance of the body, whatever the foot’s
position.

THE CUSHION-HEEL WEDGE

Figure 5 attempts to depict the action of
the cushion heel wedge the instant that the
foot-flat position has been achieved and the
leg is beginning to rotate forward over the
foot now “fixed” to the floor to receive the
weight of the body. As the leg rotates forward,
there is a rapid increase in the amount of
body weight passing through the leg to the
foot and downward to the floor. This increase
continues until the peak of significance to
foot balance is reached, that is, when the tibia
is at right angles to the foot and/or floor.

The cushion heel wedge must begin to
depress immediately as the body’s weight is
received by the os calcis. Immediate depres-
sion is essential in order to create a clockwise
moment in the direction of inversion about
the axis of the os calcis. Should there be a
delay in the depression, as would be the case
if the material used in the cushion portion of
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Fig. 5. Schematic posterior view of the right heel at
the first instant of the foot-flat positon. A suggested new
type of heel wedge is shown.
the heel was too firm, the weak medial
structures, coupled with the inward sloping
heel, would cause the body weight to place a
counterclockwise moment about the axis of
the os calcis. Thus, the combination of the
body’s weight from above, and the instan-
taneous depression of the cushion-heel wedge
below dynamically prepositions and main-
tains the os calcis in normal alignment for the
midstance and/or standing positions.

To accommodate for the standing position,
the cushion heel wedge should be made so
that the amount of depression has been suf-
ficient to bring the whole heel parallel to the
floor. The os calcis will rest on a level
horizontal plane, parallel to the floor. The
floor reaction force “shifts” to the medial half
of the heel so that it is substantially greater
under its firm medial portion.

The body's weight might still be described
as “‘free-falling,” since there is very little
initial resistance to it as it is being absorbed
by the cushion wedge. It is assumed that the

cushion wedge stores an unknown portion of
the vertical load before it can make contact
with the floor. During this short period, an
unknown portion of the vertical load is
passing through the firm medial portion of
the heel (note its extreme medial displace-
ment) to the floor without interruption (Fig.
6). The floor reaction force must equal what
appears to be a proportionally greater vertical
load from above, passing through the medial

Fig. 6. Schematic posterior view of the right heel in
the standing position with the cushion-heel wedge.
half of the heel, than that which is making
contact with the floor through the cushioned
lateral half.

DESIGN CONSIDERATIONS

The amount and type of cushion material
must be such that, as the peak of the vertical
load is achieved, the cushion must not
“bottom out” when the heel becomes parallel
to the floor. If the cushion wedge were to
“bottom out”, the effect would be similar to a
solid medial wedge. Thus, the lateral portion
of the os calcis is somewhat “‘tloating” on the
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remaining thin layer of air within the cushion.
The combination of the body’s weight having
been forced to create a clockwise moment,
and a preponderance of the floor reaction
force being “‘shifted” to the medial side,
under the medial half of the os calcis owing to
the absorption of forces by the cushion wedge
on the lateral side, results in what appears to
be a constant force couple about the subtalar
joint which maintains foot balance whenever
the limb is in the standing position.

SUMMARY

This analysis of conventional heel wedges
raises doubts as to their effectiveness in
controlling abnormal mediolateral rotation of
the os calcis. Heel wedges do not appear to be
an effective means of restoring foot balance in
the young. A cushion-heel wedge is suggested
as a possible solution for young patients. The
cushion heel wedge is not intended to be used
in situations where bony wedging or abnor-
mal articulations, or both, are present.




Inflatable Wedge Suspension
System

In the past decade, the introduction of
supracondylar suspension systems for below-
knee prostheses has given the prosthetist a
wide selection of variants from which to
choose (2). Recently, at the University of Cali-
fornia, Los Angeles, Prosthetics-Orthotics
Program, an ingenious variation of the supra-
condylar hard wedge suspension system was
introduced by inventor and amputee, Lin-
coln Baird. The new system involves an in-
tlatable bulb (Fig. 1) placed superior to the

FIGURE 1

medial femoral condyle in a position similar
to the Fillauer hard wedge (1). The prototype
models of the inflatable wedge fitted to
amputee subjects showed that it provided

! Director of Prosthetics, University of Iilinois at
the Medical Center, Chicago, Illinois. Formerly Senior
Instructor, UCLA Prosthetics-Orthotics Program.

Photography by Mary Louise Histon

TIMOTHY STAATS, M.A., C.P!

secure, comfortable, reliable suspension as
well as built-in adjustability not available in
other suspension methods.

The inflatable wedge system was fitted to
five below-knee amputees. Because the
systems were prototype models, the fittings
were not considered to be definitive.

In all cases, the system provided suspen-
sion with comfort. In an early version the sys-
tem was quite prone to leakage, but this prob-
lem has been eliminated.

One amputee continues to wear his proto-
type inflatable wedge, preferring it over his
previous prostheses. Another subject is
having his inflatable wedge modified into a
peg-leg for beach and swimming wear. Other
fittings were conducted only in the adjustable
state due to the lack of available suspension
units. Suitable results were obtained to
warrant further investigation of this techni-
que, using production parts.

FIGURE 2

34



INFLATABLE WEDGE-SUSPENSION

The interesting possibilities offered by the
inflatable wedge are the adjustability that
allows tightening or loosening suspension
characteristics that vary from day to day due
to stump edema and varying stump sock
thicknesses, virtual elimination of piston
action, and comfortable supracondylar sus-
pension, even with bony stumps.

Although minor design changes are
planned for the inflatable wedge, most of the
present technical aspects have been shown to
be adequate. Originally, the inflatable wedge
system used two blood pressure bulbs (Fig. 2),
with a simple needle valve between them. The
early prototypes, while crude, were com-
fortable and durable. However, they were not
in the least cosmetic. The original bulb
system has evolved to a suspension wedge
shaped similar to the hard wedge variant. The
models are hand fabricated from black neo-
prene (Fig. 3). At present, further develop-
ment of the fabrication technique of the
wedge is still being conducted.

FIGURE 3

One problem of supracondylar-type sus-
pensions has been a lack of inate adjusta-
bility. The inflatable wedge adjustability can
be seen to range from Smm (.2 in.) deflated,
to 25mm (1 in.) inflated (Figs. 4 and 5). Figure
6 illustrates the location of the inflating bulb
in the gastrocnemious bulge area. The wedge

FIGURE 6
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is intlated either by hand pressure, or as
shown in Figure 7, by placing the inflating

FIGURE 7

bulb on the sound leg. The needle valve is
opened to allow sufficient air for adequate
suspension pressure and then is closed. The
suspension portion of the system varies in
thickness from Smm (.2 in.) at the superior

—

FIGURE 8

edge where a rigid upper lip is necessary. The
portion of the wedge next to the soft tissues of
the stump about the knee is 2.5mm (.1 in.)

FIGURE 9

FIGURE 10

thick, making it thin, soft and pliable for
comfort and conforming characteristics. The
connecting hose is laminated to the suspen-
sion wedge. The wedge-and-bulb system is
filled with permanent type anti-freeze to pro-
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vide year round service in all climates. The
medial ear lip, which retains the suspension
bulb in place, is now approximately % in.
wide. In early models, the overhanging lip
was quite wide to retain the awkward shape of
the blood pressure bulb (Fig. 8). Both medial
and lateral ears of the socket are heavily
reinforced with wire screen and fiberglass.
The added strength is necessary as the
hydraulic force of the inflating wedge had the
tendency to spread the ears of the socket.
Mr. Baird is presently in the development
and manufacturing stages of the inflatable
wedge. Production units are to be available in
the near future. Production models will be in
kit form, in Caucasian and dark brown hues.

It appears that the inflatable wedge may
provide some of the answers to problems that
many prosthetists have found in fitting other
type of supracondylar suspensions for below-
knee amputees. Further information con-
cerning the inflatable wedge can be obtained
by writing Mr. Lincoln Baird, ¢/o UCLA
Prosthetics-Orthotics Program, 1000 Veter-
ans Avenue, Los Angeles, Califor. ia 90024.

REFERENCES
1. Fillauer, Carlton, Supracondylar wedge suspension of

the P.T.B. prosthesis, Orthotics and Prosthetics, Vol. 22,
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below-knee prostheses, Artificial Limbs, Vol. 13, N. 2,
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Technical Notes

The Below-Elbow Inversion
Harness

The below-elbow inversion harness (Fig. 1)
is a modification of the conventional figure-
eight harness, and is applicable in most cases

First:

to stabilize the below-elbow soc-
ket against vertical loading as the
elbow is extended by transmitting

Fig. 1. The inversion harness laid up to demonstrate the principles involved.

where a conventional harness is prescribed.
The triceps pad or cuff is eliminated, greater
harness and socket stability are provided, and
power transmission is more efficient. The
inversion harness can be fabricated easier
and in less time than the conventional. It is
also more cosmetic and more durable. The
various components of the inversion harness
are shown in Figure 2.

The basic functional precepts of the below-
elbow harness are not altered. Rather, the
modification alters the means by which these
precepts are realized.

Before attempts are made to replace the
triceps pad or cuff with a series of straps, the
functional characteristic of the pad should be
understood thoroughly. The function of the
pad is basically threefold.
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Second:

a counterforce from the anterior
support strap to the flexible
hinges.

to stabilize the socket against a
distally directed longitudinal
force during elbow flexion by
transmitting a counterforce from

Fig. 2. Parts of the Inversion Harness:

A. Axillary Loop

Harness cross

Anterior Support Strap
Inverted “Y"

Inversion Strap
Supra-olecranon strap
Flexible hinges

Anchor Strap (optional)
Ulnar Strap

Cross Bar Leather Loop
Cable Control Strap

AemTOMmMUOW
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Fig. 3 Assembly of the posterior of the inversion harness.

the upper arm to the flexible
hinges.
to serve as a cable control reac
tion point by providing a location
for the attachment of the cross-
bar assembly.

These three functions of the pad are fully
realized with the application of the below-
elbow inversion harness. Vertical loading is

Third:

counteracted more efficiently by the linear
continuum of the inverted “Y" strap and
flexible hinges (D and G, Fig. 2), via the “D"
rings. During elbow flexion, longitudinal
forces are counteracted by the supraolecra-
non strap (F, Fig. 2). A base for attachment of
the cable reaction point is provided by the
intersection of the medial and lateral mem-
bers of the inverted “Y™ strap on the
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Fig. 4. Three views of the inversion harness.

posterior surface of the upper arm. Because
all forces are transmitted through a balanced
system, there is no buckling, chafing, or shift-
ing of any of the harness components
throughout the entire range of shoulder,
elbow, and forearm motion.

FABRICATION

The first step is the preparation of the
axillary loop, anterior support strap, and
cable attachment strap in the conventional
manner. Either the Northwestern ring or har-
ness cross can be used. Insert a 4 ft. length of
% in. dacron webbing through a four-bar
buckle to the midway point. Permanently
secure this strap just below the buckle with a
divergent angle of about 30 degrees. The two
diverging members will serve as the inverted
“Y" strap (D, Fig. 2). Insert the two members
through the 5/8 in. “D" ring to 8 in. of the
four-bar buckle. Twist and invert these two
members, and secure with a harness clamp
just superior to the “D" rings (Fig. 2).

Permanently attach 2 in. dacron flexible
hinges to the “D" rings with rivets (Fig. 2).
The hinges should be about 14 in. long to
facilitate attachment to the socket as distally
as possible. The ulnar strap should be
inserted through the “D" rings posterior to
the flexible hinges, doubled over on itself, and
clamped with a harness clamp. Finally, the
supraolecranon strap (F, Fig. 2) should be cut
about 6 in. long. In the final stages of fitting,
the olecranon strap will be attached to the in-
verted strap immediately superior to the “D"
rings.

FITTING
At this time, the harness, as well as the en-

tire prosthesis (i.e., cable system, etc.) is
ready for fitting. The countralateral arm

should be extended throughout the axillary
loop. The anterior support strap should be
attached for the four-bar buckle immediately
superior to the belly of the biceps (Fig. 3).
Flex the elbow to 90 degrees. Secure the
flexible hinges with tape as far distally on the
prosthesis as possible and adjust the ulnar
strap so that the “D” rings coincide exactly
with the humeral epicondyles (Fig. 3). From
the back of the patient, draw the inversion
straps through the “D” rings so that they will
resist an equal amount of tension. Intersect
these two straps at a point about 1%2 in. below
the middle of the arm. Secure the intersection
as well as the cross bar leather loop with a
harness clamp (Fig. 3). Secure the supra-
condylar strap to the inverted strap immedi-
ately above the “D” rings. Make sure that
this strap provides the tension necessary to
maintain properly the coincidence of the “D”
rings and the humeral epicondyles.

The harness is now ready for final fitting.
Attach all components of the cable system in
the conventional manner (Fig. 4). Adjust all
straps attached to the “D" rings in such a
manner that the tension is equal, and there is
no buckling.

Before removing the harness clamps for
sewing, staple all strap unions, to insure that
the harness is not altered during sewing. If
the ulnar strap rides up and around the
olecranon process, an anchor strap (H, Fig. 2)
may be sewed to it and attached on the ulnar,
distal side of the prosthesis.

MICHAEL WILSON, C.P.

Orthopaedic Appliance
Section

Walter Reed General
Hospital
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An AK Prothesis with Tilt Socket

The patient was a white, 22-year-old male,
6 ft. 4 in. tall who sustained severe injuries in
a motorcycle accident which eventually re-
sulted in a high above-knee amputation of the
right lower limb. Sight in the right eye was
lost, but the left leg was not involved.

The examination revealed a 4% in. ampu-
tation stump, with a femur 3% in. long. The
circumference at the level of the ischium is 25
in., at the 2 in. level, 21 in. Extensive and
deeply seated scars covered the anterior and
lateral aspects of the stump (Fig. 1, upper).

The stump motion was limited. Max.
extension was 26 deg. (Fig. 1, center); Max.
flexion 49 deg. (Fig. 1, lower) for a total range
of motion of 23 deg.

In consultation with the patient’s physi-
cian, it was decided to fit him with an above-
knee quadrilateral, wood socket, (convention-
al type, since the extensive scar tissue pro-
hibited the use of a suction socket) in which
the anterior and lateral walls were to be 3%%
in. above the ischial seat to provide stability.
The socket was to be fitted in approximately 5
deg. of abduction in order to gain space at the
medial aspect. A Silesian belt was to be
provided for suspension. The Coleman
*“*Safety Knee”” and the Bock 1H20 foot were
prescribed.

Because of the extremely limited range of
motion present, additional provisions had to
be made to allow the patient to sit. Therefore
a joint at the distal aspect of the stump, about
4 in, from the ischial seat, and a locking
mechanism to assure stability while standing
and walking were incorporated.

The necessary components consisted of two
upper joint sections with screws, two lower
joints with extension and flexion stops, and
the lock mechanism (Fig. 2), and were
obtained from Habermann’. The fitting was
done in conformance with established
methods, using the Staros-Gardner coupling
(Fig. 3). After static and dynamic alignment
were considered to be satisfactory, the
assembly was transterred into a definitive
prosthesis in the usual fashion.

The swivel points were then established at
the midline of the socket, medially and
laterally, perpendicular to the line of progres-

"Habermann, Hellmut, Orthopaediewerk Haber-
mann GmbH, Chief Orthotist and Prosthetist, Marien-
burgstrasse 5-7, Frankfurt am Main, Germany.

sion and parallel to the knee axis at the level
of the end of the stump. (If more than 50 deg.
tilt is desired these points should be moved

Fig. 1. Three views of the patient fitted with the
tilting socket.
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Fig. 2. Components required for the tilting socket.
These were obtained from Habermann of Frankfurt,
Germany.

Fig. 3. Leg ‘“‘in-the-rough™ with the *Staros-Gard-
ner” coupling.

slightly anterior of the midline.) After these
points were marked they were drilled on the
lathe between centers with a 3/8-in. drill, and
with a 1% in. cylindrical counterbore; two tlat
surfaces were obtained which were parallel to
each other as well as perpendicular to the
established axis.

The upper joint sections were then
installed, followed by installation of the lower
joints. Extreme care must be taken to pre-
serve the alignment already established.

After the joints were fastened with wood
screws a cut was made through the thigh
portion, approximately 12 in distal of the
joint center. A second cut 1 in. distal of the
first one on the anterior half is necessary so
that this wood may be removed to provide for
clearance (Fig. 4). In addition to this more
wood may have to be removed until the

Fig. 4. Lateral view of thigh section showing the saw
cuts that are necessary.

desired degree of tilt is obtained. After this
the lock is installed, the distal part first,
followed by the installation of the proximal
“T" section (Fig. 5). To release the lock, the
patient merely depresses the knob. Upon
extension it locks automatically.

At this time the patient was asked to return
for a second fitting, mainly, to assure that
the amount of tilt was sufficient. It became
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obvious that the Silesian belt was inadequate,
and therefore a hip joint and a pelvic belt

Fig. 5. The complete assembly. Note the locking
arrangement.

wete added. In addition to this a light
webbing strap over the left shoulder was
installed to give additional suspension.

Fig. 6. Three views of patient with the tilting socket.

TECHNICAL NOTES

The prosthesis was then finished. Upper
and lower joints were fastened with N. 10
copper rivets, and the shin and thigh sections
were laminated. After lamination the lock
was installed. Then the upper *“T” section of
spring steel was aligned and riveted to the
socket. The lower part has a height
adjustment to assure a positive lock without
any play. The finished prosthesis is shown in
Figure 6.

This procedure was obviously time-consu-
ming and, consequently, costly. However, the
results were excellent. At this time the patient
has worn the prosthesis routinely for 10
months, with only minor adjustments being
necessary. I would like to add that this
method is used quite often in Germany, not
only for patients with a limited range of
motion, but also for very short above-knee
stumps to be fitted with suction sockets.

I.W. Potenberg, C.P.O.
7226-28 Gratiot Road
Saginaw, Michigan 48603
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Proposed Method of Alignment
for Knee Disarticulation Prosthesis

Among the disadvantages and problems of
the knee disarticulation prosthesis cited by
critics is that there is no adequate method to
achieve proper alignment. In this brief article
it is our intention to propose a method by
which alignment of the knee disarticulation
prosthesis can be accomplished by means of
standard equipment.

We. at the University of Virginia, have not
had the opportunity to employ this proce-
dure, and therefore cannot comment on its ef-
ficacy. It is our intention only to suggest a
possible means of alignment for the conside-
ration and trial by other prosthetists.

We feel confident that if a number of pros-
thetic facilities throughout the country were
to explore independently the possibilities of
this procedure and compare experiences
through this Journal and other means, a
feasible technique can be developed.

This paper can, then, be said to propose
not only a technical procedure, but also an in-
formal way to accelerate development and
evaluation.

Some may say that this is better left to cen-
ters and agencies set up for this purpose.
While we support this viewpoint in cases of
more complex and expensive research, we feel
that the nature of this suggested procedure
lends itself to a less formal approach and im-
mediate implementation and trial. Moreover,
as professionals it is our ever present duty to
experiment seriously with new and innovative
means of accomplishing our common goal.

THE PROPOSED TECHNIQUE

The proposed technique features the use of
the standard above-knec adjustable leg and
vertical fabrication and transfer machine,
both available from Hosmer . We have been
using the vertical fabrication and transfer
machine routinely for over a year and have
found it superior to the older horizontal
transfer device in ease, speed, and accuracy of
operation. It specifically allows for the use of
foam as a structural material in the fabrica-
tion of prostheses. While the suggested pro-
cedure is no doubt possible in the horizontal
machine, we do not consider it practical.

The individual steps involved are:

1. Using as thin a section of wood as pos-
sible, set the socket up on the above-knee
adjustable leg in bench alignment.

2. Ignoring the obvious knee center dis-
crepancy for the moment, carry out static
and dynamic alignment. At the conclu-
sion of the session correct knee center
height is determined by measurement
and observation to provide the best pos-
sible cosmetic result.

3. The prosthesis is transferred into the
vertical fabrication and alignment
machine in accordance with standard
procedure.

4. Medio-lateral width of the socket at the
proposed knee-center height is deter-
mined. The lower section of a pair of
knee disarticulation joints are set into a
block of wood as usual at this previously
determined medio-lateral width,

5. The stand is then adjusted to obtain pro-
per knee center height.

6. The proximal shank section is set into
the knee center holding screws and is
adjusted so that the joints lie on either
side of the socket. The proximal shank
section is joined to the ankle piece by
foam or wood.

7. The upper joint sections are cut to
length, contoured, and then assembled in
lower joint sections. The upper joint sec-
tions are set on to the socket with Solka
flox and polyester resin.

At this point transfer is complete and the
prosthesis can either be finished or tried on
the patient.

SUMMARY

A method is suggested for aligning and
transferring the alignment to the knee disar-
ticulation prosthesis using currently available
equipment. It is proposed that this technique
be developed and evaluated informally by
prosthetists in the field.

VIRGIL FAULKNER, C.P.O.
CHARLES PRITHMAN, C.P.
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TIBIAL AND FEMORAL FRACTURES—
BRACING MANAGEMENT, by Augus-
to Sarmiento and William F. Sinclair,
University of Miami School of Medicine,
Department of Orthopaedics and Reha-
bilitation, Miami, Florida 33152; 211
pages.

This publication is a manual for the appli-
cation of orthotic principles to management
of certain types of fractures of the long bones
of the lower limb. It is the result of work
sponsored in part by the Social and Rehabili-
tation Service of the Department of Health,
Education, and Welfare. A critical review of
this most timely text will appear in an early
issue of Orthotics and Prosthetics.

FUNCTIONAL NEUROMUSCULAR
STIMULATION—Report of a Work-
shop, April 27-28, 1972, Committee on
Prosthetics Research and Development,
National Academy of Sciences—Nation-
al Research Council, Washington, D.C.;
161 pages; gratis.

As the title implies, this is a report of a
workshop on the research activities devoted to
electrical stimulation of muscle for useful
purposes. Included are 20 technical papers by
experts from the United States and Yugo-
slavia ranging from the simple problem of
direct stimulation of the gastrocnemius to as-
sist the patient with “drop-foot” to the use of
electrical stimulation to alleviate spasticity.
This report should prove to be useful to all
who want to keen informed of the latest
developments in management of patients
with neuromusculoskeletal deficiencies.

AIDS FOR CHILDREN—Technical Aids for
Physically Handicapped Children. ICTA
Information Centre, FACK, S-161 03
Bromma 3, Sweden; 87 pages; $2.00.

This publication is an atlas, or catalog, that
provides detailed information on various
technical aids, equipment, and techniques
that have been found to be useful in the treat-
ment of children with physical handicaps. As
one might imagine, many of the ideas are ap-
plicable to adults with similar problems. This
most useful document was compiled by ICTA
(International Committee on Technical Aids)
Information Centre in collaboration with the
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International Cerebral Palsy Society with
financial support from the government of
Sweden.

THE CHILD WITH AN ACQUIRED
AMPUTATION, Committee on Prosthe-
tics Research and Development, Nation-
al Academy of Sciences-National Re-
search Council, Washington, D.C.; 162
pages; $5.50.

This soft cover book, edited by George T.
Aitken, is a collection of papers given at a
symposium sponsored by the Subcommittee
on Child Prosthetics Problems of the CPRD
and held in Toronto, Canada, June 9-11,
1970. 1t is a continuation of a series begun
several years ago by the National Academy of
Sciences, and it contains a great deal of infor-
mation useful in the management of child
amputees. A critical review of this publication
is planned for an early issue of Orthotics and
Prosthetics.

The table of contents is as follows:

Etiology

Claude N. Lambert

Immediate Postsurgical Prosthetic Fit-
ting of the Child with an Acquired Am-
putation

Robert L. Romano
Limb Loss through Malignancy
Claude N. Lambert
The Juvenile Amputee with a Scarred
Stump

Cameron B. Hall,

Ruth Rosenfelder, and

Carman Tablada

Limb Replantation

Cael R. Frank

School and the Child Amputee

Yoshio Setoguchi
Vocational Considerations

Yoshio Setoguchi,

Julie Shaperman, and

Darlene Talbot
The Juvenile Amputee Program: Its So-
cial and Economic Value

Claude N. Lambert,

Robert C. Hamilton, and

Raymond J. Pellicore

BULLETIN OF PROSTHETICS RE-
SEARCH, SPRING 1972 (BPR 10-17),
290 pages, published by the Prosthetic
and Sensory Aids Service, U.S. Veterans
Administration, and available for $1.25
from the Superintendent of Documents,



NEW PUBLICATIONS 47

U.S. Government Printing Office, Wash-
ington, D.C. 20402.

Following past custom, the Spring 1972
issue of the Bulletin of Prosthetics Research

consists of individual papers concerned with
results of research coupled with reports of the
status of research projects in limb prosthetics,
orthotics, and aids for the blind and hard-of-
hearing.
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I. AB TENSION PIL-
LOW —broadcloth or
vinyl,

K. CERVICAL COL-
LARS for either ex-
tension or flexion.

L. Adjustable width
TRAPEZE FLOOR-
STAND

M. FOLDING WALK-
AID, folds to 312",
Anodized alum., ad-
justable ht. Std.
models also.

write for full descriptions, prices

MAJOR LAB

MANUFACTURERS

4408 N. Sewell, Oklahoma City, Ok. 73118




Camp offers unique products no one
else has. Physicians recognize their
inncvative designs and prescribe them
for special orthopedic problems.
Camp’s uncompromising quality is
known throughout the medical pro-
fession. Camp has the widest line

in the industry. That means a perfect
fit when you fill a prescription. You
don’t lose time on major alterations, or
slow and costly custom prefabrication.
And all these advantages mean profit-
ability to you. S. H. Camp & Company,
Jackson, Michigan 49204.

Camp...
the single source
for uniquely
valuable properties.

Camp’s hyperextension orthosis [imits
lower thoracic and lumbar spine
motion by placing the patient in posi-
tive hyperextension. Many doctors
prescribe it instead of a confining
body cast for less serious spinal con-
ditions or as a sequel to a body cast in
more serious spinal problems. This
orthosis is fully adjustable with swivel
sternal pad, adjustable lumbar pad
and is constructed of lightweight
aluminum covered with a washable
synthetic.



WASHINGTON
PROSTHETIC
SUPPLIES

NOW DISTRIBUTING FOR

CD
& o
&
& & o ALSO —
v & oF
& L CENTRAL FABRICATION
o
_\5‘5» & & OF ALL PROSTHETIC
& & APPLIANCES
5 \?0
¥

e

40 PATTERSON STREET, N.E. TELEPHONE
WASHINGTON, D.C. 20002 (202) 628-1037
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CLASSIFIED ADVERTISEMENTS

Rates: First 35 words, $24.00 (minimum). Additional words $1.00 each. Situations w;anted
advertisements half rate. Space rate additional: 13x13 picas - $105.00; 13 x 18 picas -

$180.00.

Mail addressed to National Office forwarded unopened at no charge.

Classified Advertisements are to be paid in advance; checks should be made payable to
“Orthotics and Prosthetics.” Send to: Editor, Orthotics and Prosthetics; 1440 N St., N.W.,

Washington, D.C. 20005.

PROSTHETIC AND ORTHOTIC
APPLIANCE FACILITY WANTED

Contact Virgil Faulkner
Days: 703-295-3165 Evenings: 703-973-4280
Route #8 P.O. Box 332
Charlottesville, Virginia 22901

PROSTHETIC FACILITY

Interested in facility in eastern States that
could be used as distributing place for our
knees and feet. Leading prosthetists wel-
comed as partners for profit sharing.

WAGNERS ORTHOPEDIC SUPPLY CO.
P.C. Box 1585
Salt Lake City, Utah 84110
(801) 363-1086

ORTHOTISTS AND/OR PROSTHETIST

Qualified prosthetist and/or orthotist wanted
for young progressing facility. Resumes are
handled confidentially.

Horst QOertel
Modern Limb & Brace Co.
112 Roosevelt Avenue
Plainfield, N.J. 07060

PROSTHETISTS or ORTHOTISTS
Preferably certified or eligible for Boards.
Responsible positions in branch offices.

TECHNICIANS

Openings in our Central Fabrication Depart-
ment for Orthotic Technicians experienced in
fabrication of lower or upper extremity braces
or Milwaukee braces.

Above positions carry extremely good
company benefits with salary open and
commenserate with experience and ability.

Orthomedics operates under a concept of
totally separate Patient-Care Offices, utilizing
its Central Fabrication Department, leaving
Orthotists-Prosthetists free to devote full
time to patients and leaving technicians free
from interruptions to devote full time to
fabrication.

All inquiries confidential.

CONTACT: Roy Snelson, Sam Hamontree,
or Don Colwell, Sr.
Orthomedics, Inc.

9126 E. Firestone Blvd.
Downey, California 90241
(213) 862-2117

CERTIFIED FACILITY FOR SALE

Well established orthotic and prosthetic
facility. Little competition with good annual
return. Good terms. Located in N.W. area.
Wonderful hunting and fishing, other
recreations.

Write:
American Orthotic & Prosthetic Association
1440 N Street N.W.
Washington, D.C. 20005

ORTHOTIC, PROSTHETIC FACILITY
FOR SALE
In mountains of northern Arizona. Clean,
fresh air, near Navajo, Hopi Indian reserva-
tions. V.A. and Indian Health Service
contracts.
Medical Engineering Co.
Box 1603
Flagstaff, Arizona 86001

Telephone: 779-2407

PROTHETIST-ORTHOTIST WANTED
Prosthetist-Orthotist Certification not neces-
sary. Small shop with good business and well
established. You will do everything including
clinics. In the west near mountains and lakes.
All replys confidential. Reply to the National
Office.
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The 1973 NATIONAL ASSEMBLY of the

AMERICAN ORTHOTIC AND PROSTHETIC ASSOCIATION
will be held
OCTOBER 11-16, 1973

at the

TOWNE & COUNTRY

SAN DIEGO, CALIFORNIA

For Program Details and Registration Information
write to

The American Orthotic and Prosthetic Association

1440 N Street, N.W.
Washington, D.C. 20005

The Assembly is open to all who are interested in the
rehabilitation of the orthopedically disabled
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'CAN'T BREAK DOWN
 THE SYSTEM.

- The Alden system builds
* shoesthatfitthe foot. Accom-
modate prescriptions. And
have the strength to accept
internal and external braces.
Leather & Steel provide
the strength. Leather heel
bases. Heavy leather insoles.
Long and strong inside coun-
ters. And tempered steel
shanks constructed to take
the pressure.
For complete information,
write: Alden Shoe Company,
Middleborough, Mass, 02346

'

THE ALDEN
~ FOOT BALANGE SYSTEM.

A,
4

ALDEN SHOE COMPANY




AMERICAN ORTHOTIC AND PROSTHETIC ASSOCIATION
1440 N STREET, N.W.
WASHINGTON, D.C. 20005




