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no hooks

No SNAps
no buckles

NO siraps

introducing an
exclusive, new perfectly
contoured all-elastic
support from Freeman

that's easy on...easy off!

orthotics and prosthetics

Now, an orthopedic support
that's as simple to put on and
take off as it can be. Thanks to
the easy adjustment Velcro™
front. This makes it a natural for
older patients. Available in

Jreeman

FREEMAN MANUFACTURING CO.

Box J, Sturgls, Michigan 48081

men's and women's Dorso-
Lumbar and Sacro-Lumbar mod-
els with steel brace stays. These
all-elastic supports are cut over
tried and proven Freeman pat-
terns, Write for full information.



THESE TOO (2)

WILL BE IMITATED

1. RUHRSTERN ELASTIK PLASTER BANDAGE

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

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

Fitawe

Surgical Supplies, Inc.
Box1678
Established 1914 Chattanooga, Tenn,

vi

September 1969



DEMAND THE FINEST
FOR YOUR
GUSTOMERS

KENDRIGK’S

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

ook 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 beneficial 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 recommend Kendrick with Confidence

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

Kendrick
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What every dealer should know...about
THUFORM orthopedic appliances

Model 947 WP

€ Model ~907
Denis Browne Splint —
Rivet Type

Model #5808
Denis Browne Splint — Clamp-On Type




Model =911 Hip Abduction Splint —
Plastic

Model =997 Cervical Brace

Model #902
Clavical Splint

Model <904
Two Piece Shoulder Brace L .

Truform Anatomical Supports sold only by Ethical Appliance Dealers.

@T “ ” F“ H M anatomical supports

3960 Rosslyn Drive « Cincinnati, Ohio 45209
New York « San Francisco » Texarkana




- brough Orthepedic Pre-Wall
ers, clubfoot, open fos |
closed toe Surgicels.’”

“Chesbrough Pre-Walkers
mean
NEW business for you”

“Here are orthopedic shoes parents can afford.
Orthopedic surgeons in 60 states and many
foreign countries are now prescribing them.
Ne. 1400 OPEN TOE. Straight-line sym- Spectacular sales figures prove it. This impor-
metrical last, firm heel, no back seam. tant referral business can be yours.
e ek S “When a child in my own family needed a
corrective shoe, I discovered what a strain it
::, ms?xﬂ?u:;ﬂ::;‘o;o:;;’; can mean to a family budget, because 1) cor-
stabilize heel. rective footwear is expensive and 2) frequent
purchase of new corrective shoes is required.
Then and there I decided there was a real need.
for a moderately priced corrective shoe—a shoe
parents could afford. That's why and when
Chesbrough Orthopedic Pre-Walkers were born.
MAIL COUPON FOR SAMPLES “Our 68 years of shoe-making experience
e ——— gesulted in corrective Pre-Walkers of scientific
esign, expert workmanship, fine leathers com-
I G'”r‘;;_ ,snl: E"S"B' i:g:s tl "EO. bined with orthopedically correct lasts to pro-
! e vide necessary correction at an economical

Ne. 1300 CLOSED TOE. Loce-to-toe
design permits snug, gentle At. Per-
fectly smooth inside.

NAME.. price.”
s All shoes in unlined white elk, sizes 000 fo 4, narrow and wids.
(<157 Available in full pairs, split pairy or single shops (no extra

e
T T —— }

charge for half pairs),
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TRAUTMAN CARVER ATTACHMENTS

CUTTERS

Small Cutter No. 2100A. Large Cutter No. 2100B.
No. 2100AB Blades No. 2100BB Blades
Sharpened for one-half cost of a new set of blades, plus postage.

Carver #2100 Midget Cutter

Foot Switch # 2100H (including

#2100K an extra blade)
ATTACHMENTS

Small Sand Drum
No. 2100F. Small
size abrasive sheets.
Coarse No. S41T.

Medium Sand Core Small Sand
No. 2100C. Me- Core No.2100D.
dium size abrasive Small size abra-
cones Coarse sive cones only

Rasp No. 2100E.

Large Sand Drum No.
2100G. Large size ab-
rasive sheets. Coarse
541V, Fine S41W

We resharpen
the Rasp for
one-half cost of

Cone No. S41D, Coarse Cone No. new, plus post- Fine No. S41U
Fine Cone No. S41H,Fine age No. 2100FF—Flat
| S41E. Cone No. S41G. Sides.
Write for price and delivery date
TRAUTMAN'S

410 Portland Avenue, Minneapolis, Minn. 55415
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MADE TO ORDER

Special Orthopedic Shoes

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

WE SPECIALIZE IN EXTREME CASES.

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

ROBERT O. PORZELT

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

NO LEATHER LIKE JONES LEATHER

For Appliances and Artificial Limbs

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

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

THE JOSEPH JONES COMPANY
225 LAFAYETTE STREET NEW YORK, N. Y. 10012
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R GUARDIANCS® (RUTCH-EZE

The Prime Source
for Finest Quality
Crutch Accessories

CRUTCH CUSHIONS—Exclu-
sive construction assures
long life and absolute crutch
comfort.

HAND GRIPS—Provides soft,
sturdy grip while alleviating
blisters, cramps and wrist
tensien.

SAFE-T-GRIPS — Provides

safe, skid-proof traction
under the most difficult
conditions.

THE MOST EXTENSIVE
CRUTCH ACCESSORIES

Catalog available
on request
GUARDIAN PRODUCTS
COMPANY, INC.

8277 Lankershim Boulevard |
North Hollywood, Calif. 91609 ©

AT LAST!

AN ADJUSTABLE
DISPOSABLE
HEAD HALTER!

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

® (One Universal size—fits all heads,
e Priced in the disposable field.

DISKA-FLEX

WRITE FOR SPECIFIC INFORMATION TO:

TRU-EZE nuulurucu_xg'in[.r co, inc.
Jrallon. (j/mk/.%‘a

P.O.BOX B55 » BURBANK, CALIFORNIA

FLEXION

Patent Mo, 3046980
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Specially Designed For Brace Work

\

So highly régarded we call our Rover
“The Brace Shoe.” You can use it
with complete confidence.
Sizes b - 13 in varying widths. Extra
large size range also available,
Colors: Black Suede, Black, Smoke,
White, Brown, Red and Sage Green
Gluv and Antique Brown
Crushed Kid.

Mismate Service on Black

Only.

The Irving Drew Corporation

Lancaster, Ohio 43130

CORPORATION DREW - DR. HISS - CANTILEVER GROUND GRIPPER

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

Designed especially for the limb and brace profession.
Compact, fast-cutting sander uses 60-inch belts with
12-second change feature. Powerful exhaust collects dust
in a drawer. Quick change fitting accommodates flap
emery wheel, naumkeag sander, or metal cone shaped
cutter. Oiled for life. Only 51" high, 19" wide, 27"
deep. In daily use by orthotists all over America.
Send coupon today!

B L L L T e ————————————

< Bt oy se weie s

_BO53 Litzsinger Rd., St. Louis, Mo. 63144 Mission 7-0050

Offices in Principal Cities

Plsase send complele information en Sutten's 5) 2-0,

Firm L : i " S K L At
Address .. MR S RO
[l iy —— State b P
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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 your
doctors and patients. And we
back them up with service to you.
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 preseriptions.
For more information,
write P. O. Box 1299,
Winter Park, Florida 32789.
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NOW its

Hosme I ~puPaco HERMES'

That’s the new trade name
for the long familiar Hy-
draulic Swing Phase Control
Unit for AK amputees. This
is the unit that assures full
freedom of action for work
or play, with a minimum of
effort. For women, it per-
mits the prosthetist to

Hosmer-Dupaco Hermes Hy-
draulic Swing Phase Control
Unit, and Ohio Willow Wood
proportioned wood setup.
sculpture for the morale-
lifting cosmetic look of trim
limbs and slim ankles to
match the remaining limb.

Available for immediate delivery!
Also in knee disarticulation units.

o' Hosmer, Inc.

Campbell, California 95008 408/379-5151
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tranquilizer

Thank goodness..

3 -_iié.'r" those “funny” looking

Most orthopedists agree that their
biggest problem isn't with the baby,
but with mother. :
To relieve her apprehension at the
sight of those funny looking little
shoes, we have made available a
small folder describing their func-
tions and the marvelous results of
the treatment. And to assure her of

orthotics and prosthetics

little shoes!

how common mild abnormalities
are among infants. And why now,
is the time to take action. They're
free to doctors, to give out with the
prescription.

Orderasupply now. SABEL'S
EQUINO-VARUS

Sabel Division
R. J, Potvin Shoe Co.
Brockion, Mass. 02402




ORTHOTICS AND PROSTHETICS
INVITES THE SUBMISSION OF ALL ARTICLES AND MANUSCRIPTS
WHICH CONTRIBUTE TO ORTHOTIC AND
PROSTHETIC PRACTICE, RESEARCH, AND
EDUCATION

All submitted manuscripts should include:
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2
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THE ORIGINAL MANUSCRIPT AND TWO COPIES. If possible, the duplicate manuscripts should
be complete with illustrations to facilitate review and approval

BIBLIOGRAPHY. This should be arranged alphabetically and cover only references made in the
body of the text

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

a. Black and white glossy prints
b. Original drawings or charts
Do not submit:
a. Slides (colored or black & white)
b. Photocopies

PREPARATION OF MANUSCRIPT

Manuscripts must be TYPEWRITTEN, DOUBLE-SPACED and have WIDE MARGINS.
Indicate FOOTNOTES by means of standard symbols (*)

. Indicate BIBLIOGRAPHICAL REFERENCES by means of Arabic numerals in parentheses (6).
. Write out numbers less than ten.

Do not number subheadings.

. Use the word “Figure” abbreviated to indicate references to illustrations in the text (.. as

shown in Fig. 14}

PREPARATION OF ILLUSTRATIONS

. Number all illustrations
. On the back indicate the top of each photo or chart
. Write author’'s name on the back of each illustration.

Do not mount prints except with rubber cement
Use care with paper clips; indentations can create marks
Do not write on prints; indicate number, letters, or captions on an overlay.

. If the illustration has been published previously, provide a credit line and indicate reprint

permission granted.
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—Manuscripts are accepted for exciusive publication in ORTHOTICS AND PROSTHETICS
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~—Publication of articles does not constitute endorsement of opinions and techniques.

—All materials published are copyrighted by the American Orthotic and Prosthetic Association.
—Permission to reprint is usually granted provided that appropriate credits are given
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Fabrication Technic for
Inflatable Splints

by

Major Mary H. Yeakel, AMSC and Captain
Douglas K. Ousterhout, MC

INTRODUCTION

Inflatable appliances most fre-
quently used for fracture immo-
bilization of extremities, reduc-
tion of edema, and compression
dressings have been commercially
available for many years (1). Most
of these appliances are in the form
of an envelope which is wrapped
about the limb to form a cylinder
and fastened by means of a zip-
per, or Velcro. The cylinder is
then inflated through a valve
mounted on the outside wall of
the envelope. These envelopes
are usually fabricated from poly-
ethylene sheeting or nylon fabric
impregnated with Neoprene.

In this paper the three steps for

U.S. Army Medical Biomechanical Re-
search Laboratory, Walter Reed Army
Medical Center, Washington, D.C. 20012.

orthotics and prosthetics

fabrication of inflatable latex ap-
pliances are described. The illus-
trations and the various steps of
the procedure describe the fabri-
cation of an inflatable neck splint
(figures 1A, 1B); the technic,
however, is versatile and can be
used in the fabrication of a vari-
ety of appliances.

FABRICATION OF
DIPPING MODELS

Selection of the material (metal,
plastic, dental stone) used for the
dipping models will be deter-
mined by the configuration of the
appliance. An aluminum dipping
model was used for the inflatable
neck splint (figure 2) because of
the relatively flat contours which
were required. In another use,
Orthoplast might be chosen be-

119




FIGURE 1A—Component parts of inflatable neck splint, (a) bladder, (b) atomizer bulb, (c)
Myo Cervical Collar,
FIGURE 1B—Patient J. A. wearing inflatable neck splint following release of neck contracture
requiring split thickness skin grafts.

FIGURE 2—Dipping models of (A) Aluminum, (B) Orthoplast and (C) Dental Stone.

cause of its elastomeric properties
which allow the material to be
stretched or drawn. More intricate
models have been made in dental
stone when adaptation of the ap-
pliance to the defect has been crit-
ical, as would be the case in the

120

use of an inflatable obturator.
After choosing the material for the
dipping model, it is contoured to
the shape of the finished appli-
ance, taking into consideration the
dimensional changes which will
occur during bladder inflation.
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A handle must be incorporated
into the model for purposes of sus-
pending it in the liquid latex and
in the oven {figure 3A). The handle
should be located on that portion
of the model which will be least
difficult to seal with a gusset.
(This procedure is described in de-
tail in the section on assembly.)

A dipping model is also needed
for fabrication of the filling tube
into which a metal air valve will
be inserted (figure 3B). This model
is made from a 1%'" diameter
metal rod with a 134’ diameter
metal disc soldered to one end.
The disc is necessary to create a
collar on the filling tube for at-
taching it to the wall of the blad-
der. Since this dipping model will
be used for fabricating all filling
tubes, regardless of the type of
inflatable appliance being con-
structed, the metal rod should be
at least eight inches in length for
universal use.

PREPARATION OF
LATEX FILM PARTS

The latex material used to fab-
ricate the inflatable appliances is
one which was developed at this
laboratory (2). This material is a
latex dispersed synthetic elasto-
mer: a terpolymer of butyl acry-
late (90%), methyl methacrylate
(7.5%) and methacrylamide (2.5%).
The terpolymer is compounded
with 37 parts of poly (ethyl meth-
acrylate) as a reinforcing agent. In
addition, 1.765 parts of formal-
dehyde, which acts as a crosslink-
ing agent, are added during the
compounding procedure. The com-
pounding formula is represented
below:

Material Parts
Terpolymer latex 100.0
Poly (ethyl meth- 37.00

acrylate)
Formaldehyde 1.765

FIGURE 3—Dipping models for inflatable neck splint (A} bladder model with handle, (B)
filling tube.

orthotics and prosthetics
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FIGURE 4—Dipping the model into the liguid terpolymer.

FIGURE 5—Terpolymer coated model. Note
the milky opaque appearance.

When compounding this terpoly-
mer latex, all calculations must be
made on the hasis of total solids
of each material. (A detailed de-
scription of the compounding pro-
cedure, MR 6-68, can be obtained
from this laboratory upon request.)

This material is essentially a

122

chemically saturated elastomer
which is inherently flexible with-
out the addition of plasticizers. It
shows excellent outdoor weather-
ing, is oil resistant and can be
steam autoclaved. The elastomer
is crosslinked, dimensionally sta-
ble and compatible with body tis-
sues. Another unigue and very im-
portant feature of this particular
material is the relative ease with
which the latex film can be proc-
essed (3). The fabrication technic
in this paper is dependent upon
the use of this terpolymer, how-
ever, other dipping latices may be
available which will provide sat-
isfactory results.

A coagulant is necessary to prime
the dipping model for deposition
of the compounded latex. The
coagulant solution is made by thor-
oughly mixing 20 gm of calcium
nitrate with 80 gm of denatured
aleohol,

After a generous application of
a dry release agent (polytetraflu-
oroethylene spray) to the model,
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it is immersed in the coagulant
and air dried for several minutes
to allow all excess coagulant to
drip off. With a wire hook inserted
into the handle, the model is slowly
immersed in the liquid terpoly-
mer where it is suspended for 90
seconds (figure 4). This dwell time

FIGURE 6—Translucent appearance of the
terpolymer following the initial oven cure.

will create a film thickness of 13
mils 4+ 2 mils; less dwell time will
create a thinner film and vice
versa. The terpolymer coated
model (figure 5) is carefully re-
moved and placed in a 60°C oven
to cure for one hour. During the
oven cure, care must be taken to
be sure the model is freely sus-
pended and will not touch any ob-
ject. The same procedure is fol-
lowed with the dipping model for
the filling tube.

During the oven cure, the milky
white appearance of the terpoly-
mer will be lost and the film will
become transluscent as the water
is driven off (figure 6).

For ease in removing the film
from the models, they should be
immersed in water for approxi-
mately ten minutes. The water
which is resorbed into the film
will make the film softer and more
pliable. The film is removed from
the model by gently rolling or
sliding it over itself, starting from
the opening created by the handle

FIGURE 7—Removing the film from the model.

orthotics and prosthetics
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FIGURE 9—Air drying of the bladder com-
ponents after they have been thoroughly
leached.

(figure 7). Keeping the film wet
during this procedure will prevent
the film from sticking to itself.
The film is then immersed in water
for at least 18 hours to leach ocut
the soap, coagulant, and any
other impurities which might be
present.
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The open end of the bladder
will eventually be sealed by add-
ing a gusset. The gusset for the in-
flatable neck splint is formed on
the same (or a duplicate) dipping
model used to fabricate the main
body of the appliance, however,
the film is cast only on one half of
the model.

The film is removed from the
tube dipping model by cutting the
film away from the bottom portion
of the metal disc and then gently
slipping the film over the end of
the rod (figure 8).

After these three parts have
been thoroughly washed of impu-
rities, they are air dried for ap-
proximately one hour, or until they
become transluscent once again.
This can best be done by suspend-
ing them “clothesline fashion”
(figure 9). The latex film is some-
what tacky at this stage and tends
to adhere to itself quite tenaci-
ously. To prevent this from occur-
ring, an attempt should be made to
prevent the films from touching
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themselves or other objects. After
this air cure, the three sections of
the appliance—the bladder, gus-
set and filling tube—are placed in
an air circulating oven at 100°C for
the final thirty minute cure to
complete the crosslinking or poly-
merization process. The parts are

now ready to be assembled (fig-
ure 10).

ASSEMBLY OF THE
APPLIANCE

To create a symmetrical appli-
ance, the bladder is folded in half

FIGURE 10—Three parts necessary for fabrication of the bladder following the final oven

FIGURE 11—Cutting the open end of the bladder to create a symmetrical appliance.

orthotics and prosthetics
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FIGURE 12—Placement of the filling tube in the bladder.

FIGURE 13—Gentle pressure applied with
use of a “C” clamp to insure an adequate
bond of the filling tube to the bladder.

and the open end is cut to match
the closed end (figure 11).

To facilitate donning and inflat-
ing this appliance by the patient,
the air inlet tube is positioned in
the center of the anterior wall of
the bladder and the tube is left at
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least four inches long. A “/s”
hole is made in the bladder for the
filling tube which will permit in-
sertion of the filling tube without
any creasing or binding at the base.
A thin film of terpolymer is ap-
plied to the collar of the tube and
it is drawn through the opening
from the inside of the bladder to
the outside (figure 12)., A small
piece of polyethylene film is placed
between the collar of the tube and
the inside posterior wall of the
bladder to prevent the walls of the
bladder from being accidentally
glued to each other. Two three
inch square aluminum plates, one
with a °/¢"’ diameter hole in its
center through which the air tube
is drawn, and the other padded
with several thicknesses of gauze
are placed in position on the blad-
der. Gentle pressure is applied to
the plates for approximately four
hours with a “C” clamp, lock grip
pliers or vise (figure 13).

The gusset is cut from the half
bladder so that when it is placed
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inside the open end of the bladder
it will extend 14" beyond the
bladder and approximately 1’ into
the bladder (figure 14). A film of
terpolymer is applied to the gus-
set. Polyethylene film, gauze pad-
ding and the metal plates are
placed around the bladder and
pressure applied.

A thin coat of liquid terpolymer
is applied to the base of the metal
air valve (figure 15). The air filling
tube is stretched open with a suit-
able instrument and the valve is
placed in position. A coat of ter-
polymer is applied to the filling
tube around the base of the valve.
Three individual pieces of thread

FIGURE 14—Placement of gusset to seal the open end of the bladder.

FIGURE 15—Applying a thin coat of liquid terpolymer to the base of the metal air valve.

orthotics and prosthetics
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are tied securely around the valve
base and a second coat of terpoly-
mer is applied. This will prevent
accidental dislodgment of the valve
from the filling tube and insure an
air tight seal (figure 16).

After the metal plates are re-
moved from the gusset area, it
may be necessary to air cure the

bladder for several hours to insure
complete evaporation of the water
from the terpolymer latex which
was used as the adhesive. The ad-
hesive bond will be quite weak un-
til this occurs. However, at this
time the bladder should be gently
inflated and those parts of the
bladder which may have adhered

FIGURE 16—Thread tied securely about the filling tube and valve base.

FIGURE 17—Atomizer bulbs adapted to fit the air valve.
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to each other, due to some of the
terpolymer having been forced
into the bladder interior when
pressure was applied to the gusset
area, carefully separated. If there
are any areas where a complete
seal has not been obtained, a light
application of the terpolymer la-
tex should be applied. Air curing
of the terpolymer latex will be
complete when the milky white
appearance has disappeared.

To be absolutely certain that
the bladder is air tight, it should
be inflated and held under water
while gentle pressure is applied.
Any tiny pinholes through which
air is escaping must be sealed be-
for the final finishing steps.

The tacky feel of the bladder
and its strong tendency to adhere
to itself can be prevented by forec-
ing talcum powder into the blad-
der. Excess material, such as drop-
lets of terpolymer which may have
formed during the dipping proce-
dure, and all rough surfaces can be
removed by gently sanding with
rotary equipment using an arbor
and fine grit band.

Inflation of the bladder is ac-
complished with a hand atomizer
bulb adapted with a piece of flex-
ible tubing which can be easily
fitted over the valve stem or a
threaded metal adaptor which can
be screwed into the valve stem
(figure 17).

DISCUSSION

The total fabrication time for
this technic spans a period of two
days, however, the initial steps of
dipping, curing and removing the
films from the models only require
approximately 1% hours and
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about 20 minutes of actual working
time. The parts can be washed
overnight and the remaining fabri-
cation procedures completed the
second day.

The latex material used is one
which is both simple to manipu-
late and possesses excellent physi-
cal properties for this type of ap-
plication. If a puncture should
occur in the bladder, a small
amount of the liquid terpolymer
latex can be applied to the area
which, after several hours of air
curing, will provide an excellent
seal.

If necessary, the bladders can
be sterilized by standard auto-
clave procedures.

The materials used to compound
the terpolymer latex are commer-
cially available, but do require
the final compounding procedure
to be completed by the user.

SUMMARY

The technic for fabricating latex
inflatable bladders has been de-
scribed in detail. Although the
appliance which is described has
been designed for use with the
commercially available Myo Cer-
vical Collar as an adjunct to sur-
gical prevention and treatment of
cervical scar contracture (4), the
fabrication technic is applicable
to many inflatable bladder de-
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An Innovation in Symes
Prosthetics

by

Herbert W. Marx, C.P.O.'

For many years, the prosthetist
as well as the amputee were faced
with the problems of low-level
amputation. Many attempts have
been made to provide the ampu-
tee on whom the Symes or other
low-level amputation has been
performed, with a suitable pros-
thetic device. Since early design-
ers seemed to be concerned with
replacement of lost motion rather
than with intimacy of fit and res-
toration of cosmesis, the conven-
tional Symes prosthesis left in
most cases something to be desired.
However, the introduction of plas-
tic laminates to the prosthetic pro-
fession not only multiplied and
improved the ways with which the

' Assistant Research Scientist, N.Y.U.
School of Medicine and Post Graduate
Medical School and Supervisor, Orthotics
and Prosthetics Laboratory, Institute of
Rehabilitation Medicine, N.Y.U. Medical
Center.
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prosthetist could accomplish more
accuracy in fit, it also gave him
the tool for improving the cosme-
sis without the addition of weight
to the prosthesis. Even though
the use of steel reinforcements in
the construction of plastic pros-
thesis appeared to be of necessity
at first, it was soon learned that
the proper use of plastics would
provide enough strength to re-
place all weight-adding steel rein-
forcements. The first all plastic
Symes prosthesis which did not re-
quire any metal reinforcements,
was the Canadian design, intro-
duced in 1956. It is still the most
widely accepted design for this
level of amputation. However, the
bulbousness of this type of pros-
thesis combined with the rather
slim appearance in the calf region
is objectionable, especially to the
female patient. The unsatisfactory
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cosmesis as well as the posterior
opening on this prosthetic device
gave the initiative for the search
of improvements. One of these
improvements was the elimination
of any opening, whether lacing or
otherwise, in any region in the
middle half of the socket. Since the
nature of this type of amputation
requires a wider socket diameter
than stump diameter in the mid-
dle third of the shank, the fitting
was based on total contact in dis-
tal and proximal weight-bearing
areas only. An edema in the mid-
dle two thirds of the stump was
frequently discovered. To elimi-
nate this medical problem, an en-
tirely new approach was necessary.
A double-wall socket construction
with a flexible inner shell seemed
to be the most logical solution.

To improve cosmetic as well as
functional characteristics of this
type of prosthesis the following
total contact Symes technique was
developed:

CASTING

For casting, the use of elastic
plaster bandages is of extreme im-
portance because it assures the re-
quired even compression of re-
dundant tissue, and, consequently,
a more accurate cast.

The use of Y inch adhesive
felt patches applied to the bony
prominences before casting ap-
pears to be superior to modifica-
tions made in these critical areas
on the male mold. The measuring
technique consists mainly of prin-
ciples applied in casting a PTB
prosthesis. In addition, peripheral
measurements, starting at the pa-
tella-tendon level in two incre-
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ments distally, should be taken.
The length measurement, medial-
tibial-plateau to end of stump is
taken after the distal portion of
the stump is wrapped and the
bandage hardens under moderate
weight bearing, thus establishing
the fit of the distal portion in the
final product. For this procedure,
an adjustable height block similar
to the one designed at the Pros-
thetic Service Center in Toronto
is used, not only to maintain the
patient in perfect balance but also
to establish the amount of neces-
sary elevation. Both the length
measurement and the amount of
elevation must be recorded. Ap-
plying the Patella Tendon Bear-
ing principle in casting of the prox-
imal two-thirds will satisfactorily
distribute the weight between the
distal and proximal portion,

Since the rubber-like properties
of the material used for the con-
struction of the flexible inner
shell do not permit frictionless en-
try without a sock, the thickness
of the sock to be worn by the pa-
tient is taken into consideration
during casting.

To give additional assurance of
accuracy of fit, a check-negative
may be constructed. However, an
opening should be provided in the
medial, lateral or posterior mid-
portion of this check-negative to
provide ease of entry. The mate-
rial which has been cut away to
provide the opening should be re-
inserted after the patient has
stepped into the socket. Insuffi-
cient contact or excessive pres-
sure at any one point in the check-
negative may be checked through
Y inch holes drilled through the
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socket walls. To assure a good
weight bearing distribution be-
tween the proximal and distal por-
tions, the patient should stand
with even weight bilaterally for
approximately 15 minutes on this
check-negative. If reference lines
in the frontal and saggital planes
were not established at the initial
casting, they should be estab-
lished now and used as alignment
guides during static alignment.
The negative might then be re-
moved and the skin checked for
indications of excessive pressure
in either distal or proximal por-
tions, Necessary adjustments,
such as adding or removing ma-
terial, can be done on this nega-
tive, which might then be used as
form for a new positive mold.

LAMINATION OF THE
DOUBLE-WALL SOCKET
WITH FLEXIBLE INNER
SHELL

After the vertical reference lines
have been transferred from the
check-negative to the male-mold
and marked with roundhead screws
or nails driven into the proximal
and distal sections, the cast is
sealed in the conventional manner
with a PVA bag. For the fabrica-
tion of the inner shell, 4 layers of
nylon stockinette are applied to
the sealed cast. The PVA bag,
which is then pulled over the work
piece has to be taped distally and
proximally as shown in figures 1
and 2. Taping off of these regions
has been found necessary to pre-
vent the flexible plastic which
will be used in the center section
from penetrating too far into them.
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(The distal and proximal sections
will be laminated with rigid or
semirigid plastic after the flexible
part has cured.) The PVA cover-
ing in the center section is then
removed. Care must be taken, that
the layup is not cut during this
procedure. A third PVA bag is
pulled over the work piece. A mix-
ture of silicone elastomer 384 and
385 in proportions 80 per cent to
20 per cent is used for the lamina-
tion of the center section. It is ad-
visable, not to use more than 20
per cent of No. 385 silicone elasto-
mer, because a higher percentage
of this material will result in ex-
cessive foaming action, which will
not only be hard to control, but it
will also reduce durability of the
center section in the final product.
A higher percentage of silicone
elastomer No. 384 is not desirable
since expandability of this mate-
rial will be reduced. After the flex-
ible material has cured, the PVA
covering is removed completely.
Figures 3 and 4 illustrate the an-
terior and medial view of the flex-
ible center section with the PVA
covering removed. A new PVA bag
is then applied and the distal and
proximal portions laminated with
a 75 per cent to 25 per cent mix-
ture of 4110 and 4134 laminac or
similar material. While laminating,
all material has to be strung out
of the flexible portion because any
rigid plastic left in this area may
decrease its durability.

Cosmesis and necessary rigidity
of the prosthesis will depend on
the outer shell which will be con-
structed in a similar fashion as is
the outer shell of a double-wall
socket of an upper extremity pros-
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FIGURE 1 FIGURE 2

FIGURES 1 and 2—Preparation of first lay-up for silicone impregnation. (Anterior and lateral
view).

FIGURE 3 FIGURE 4
FIGURES 3 and 4—Flexible center section of inner shell with PVA covering removed.
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FIGURE &

FIGURE 6

FIGURES 5 and 6—Wax built up over laminated inner socket.

thesis. A wax build up, as shown
in figure 5 and 6 will give the nec-
essary backing for the outer shell.
It is of utmost importance to build
a paper or celluloid sleeve around
the work piece, into which the
soft wax can be poured. We found,
that if the cosmetic backing is
built up with semi-soft wax, air-
pockets within the wax build up
are usually unavoidable. While
laminating the outer shell, these
airpockets will fill up with plastic
residue. Since these plastic ac-
cumulations can not be removed
from between the two laminations,
they will not only interfere with
the expansion of the flexible inner
shell but also introduce the pos-
sibility of discomfort for the pa-
tient.

After the wax has hardened it is
shaped down to the necessary di-
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mensions. The originally recorded
dimensions of the sound leg should
be reduced by 3% to 3 inches
and then duplicated on the wax
build up. To assure minimum
weight and maximum strength of
the final product, an epoxy lami-
nation is preferable. Five layers
of fiberglass, either tubing or
matting, will provide sufficient
strength. Before laminating the
outer shell, it is advisable to
roughen the distal and proximal
portion of the first lamination to
assure proper bond in these areas.
To remove the wax build up, a %
inch hole may be drilled through
the outer shell in the lower pop-
liteal area. The wax may be melted
in an oven and drained through
this hole. Because of the bu]bous-
ness of this type of amputation,
we found it very difficult to re-
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move the male mold from the lam-
inated work piece. In most cases
the cast has to be fractured and
removed piece by piece. This
should be done while the wax
build up is still between the two
laminations since it will provide a
little more rigidity to the flexible
middle section of the inner shell.

For length adjustment and eas-
ier alignment, a 3 inch wooden
block is fitted and adhered to the
distal portion of the laminated
socket.

The base of this wood extension
is removed as far as possible with-
out disturbing the socket itself.
Removal of this excess material
should be done in consideration
with the established flexion and
adduction angle. Since only minor
modifications in the angular re-
lationship during dynamic align-
ment are possible, special atten-
tion should be given to this
procedure.

SACH-FOOT MODIFICA-
TIONS

Since the loss of length in a
Symes amputation amounts to ap-
proximately three inches, it does
not appear necessary to use a foot
designed solely for the construc-
tion of this type of prosthesis. How-
ever, a standard SACH foot can be
used. Figure 7 illustrates one way
of utilizing the limited space
available for SACH foot attach-
ment.

The SACH-foot keel, weakened
by the removal of material from
its base, has to be reinforced. This
is accomplished by means of a
hardwood plug, in dimensions out-
lined in Figure 7, inserted from the
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HARDWOOD BASE

HAROWOOD PLUG
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FIGURE 7—Exploded view of SACH foot
modification for Symes adaptation.

FIGURE 8—Attachment of hardwood base
to socket base for dynamic alignment.
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FIGURE 9

FIGURE 10

FIGURES 9 and 10—Finished Symes prosthesis.

underside into the foot. A hole is
drilled into the center of this
wood-plug to accommodate the
foot attachment bolt.

Static alignment is done in the
conventional manner. It is advis-
able to attach the hardwood ankle
base with two wood screws No. 10-
1% inch to the socket base (fig-
ure 8), since this arrangement al-
lows easier alignment changes in
the transverse plane. Alignment
changes in flexion and extension
as well as adduction and abduction
angles should not be excessive if
reference lines in the frontal and
saggital planes have been estab-
lished and transfered properly,
and can be done at the socket base.
Finishing the prosthesis after dy-
namic alignment is simply a mat-
ter of blending the ankle portion
and applying the final lamination
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in the conventional manner. To
improve the cosmesis, the medial
and lateral apexes of the bulbous
ankle area may be sanded down
to paper thickness, before the fi-
nal lamination is applied, since
these areas are not under exessive
stress during gait cycle, and con-
sequently do not require as much
reinforcement as the anterior and
posterior sections,

SUMMARY

Limited expansion (approxi-
mately 1% to 1% inch, in the
material required for a Symes
prosthesis) of the silicone elasto-
mer laminated inner shell, does
not permit this technique to be
used for all types of low-level am-
putations. The only three types of
amputations for which this tech-
nique may possibly be used are
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the Symes, Pyrogoff and Boyd am-
putations. However, different foot
modifications are necessary on
other than the Symes socket, be-
cause of difference in amputation
level with its resulting length dis-
crepancy also involves a difference
in construction of the foot replace-
ment. In general, the applicability
of this technique depends largely
on the dimensional difference be-
tween the distal circumferential
measurement and any measure-
ment more proximal to this point.
It appears quite feasible to apply
this type of TC construction in
some cases of lower extremity con-
genital deformities or any amputa-
tion which results in distal scelet-

tal bulbousness, as long as the max-
imum expandibility of the ma-
terial is not overestimated.

A follow-up on patients provided
with this type of prosthesis shows
that the silicone elastomer used in
proper proportions assures pro-
longed service. Infiating the air
chamber between inner and outer
shell was not found necessary. No
material fatigue was found after
the prosthesis has been actively
used for more than 1'% years. Ac-
cording to patient reports, the
cosmesis of this prosthesis is far
superior to any other design, even
though the bulbous ankle area
could not be completely elimi-
nated.
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A Rack and Pinion Cable
Drive for Orthoses

Edwin M. Prentke, B.S.,' Barry A. Romich, B.S.”
and Harry Derda®

We required an all-around reli-
able cable drive mechanism suit-
able for driving orthoses such as
the Highland View Hospital flexor
hinge hand splint and the Amper-
sand Powered Elbow Unit. The lat-
ter device provides elbow flexion
assistance for patients with par-
alyzed elbows, especially if elbow
stiffness is present.

Certain important features were
required; the design shown in Fig.
1 has been adapted for use by sev-
eral of our patients, as well as
some patients in other cities. The

ment of Physical Medicine and Rehabilita-
tion, Highland View Hospital, Cleveland,
Ohio 44122,

‘Design Engineer, Engineering Design
Center, Case Western Reserve University,
Cleveland, Ohio 44106,

* Harry Derda, Instrument Maker En-
gineering Design Center, Case Western Re-
serve University, Cleveland, Ohio 44106.
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requirements which have been
met are:

1. Rapid and easy servicing of
the motor and the cable at-
tachment.

2. Freedom from cable problems
such as the detachment or
unraveling which occurs in
reel windings.

3. Ease of removal and instal-
lation of longer or shorter
cables.

4. Ability to use two racks, side
by side, to drive two cables
at once, in the same or dif-
ferent directions, by attach-
ing them at the same or at
opposite ends of the racks.

5. Length of cable travel to be
varied by inserting a spacer
at one end of the groove in
which the rack slides.

All of these requirements have
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been adequately provided in this
device. Some of the details include
the housing, machined from alu-
minum, two sets of set screws in
the rack to securely anchor the
cable, a taper pin driven through

FIGURE 1.

the gear hub and motor shaft to
prevent slipping, and another set
screw to anchor the cable housing
where it enters the box.

We use a Globe 12 volt DC mo-
tor, No. 319A112-3, with 100:1
reduction gears, a speed of 90-110
R.P.M., and a torque of 77 ounce
inches. The spur gear has a pitch
diameter of .750"’, and a 24-14
15 pitch. The rack is of steel,
14" square, 24 pitch. For driving
a flexor hinge hand splint, the
unit provides a cable travel of
245,

Since our devices are used
mainly by patients in wheel
chairs, the motor, gear box, and
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FIGURE 2.
140

September 1969




the control device, such as our
myoelectric control, are mounted
behind the chair (1).

The Ampersand Powered Elbow
Unit, also developed at Highland
View Hospital, Department of
Physical Medicine and Rehabilita-
tion, was designed to enable quad-
riplegics with elbow contractures
to feed themselves.

A motor with the above des-
cribed rack and pinion drive is
used to bring the hand splint close
to the patient’s mouth. Using a
flexor hinge hand splint and a
BFO, the patient can actively
flex the arm by tilting a mercury
switch attached to the radial side
of the trough. When the hand is
raised, by dropping the shoulder,
the switch turns on and the motor
driven cable pulls the hand to-
wards the mouth. By lowering
the hand the motor is reversed and
the cable is extended, allowing the
elbow to extend with gravity. A
solid-state control circuit turns
the motor clockwise when the
switch closes, and counter-clock-

wise when the switch opens. Cur-
rent is automatically cut off after
the cable pulls all the way in or
after it reaches the other position.
This circuit is shown in Fig. 2,

The powered elbow control re-
quires a longer cable travel than
the hand splint. Our unit provides
a travel of 2%' which is enough
to permit the hand to move from
the mouth to the front edge of
the lapboard.

Power for the motor or motors
is supplied either from the bat-
teries of an electric wheel chair or
from a Gould 12 volt nickel cad-
mium battery which can be re-
charged overnight.

Since November 1966, we have
equipped thirteen people with
rack and pinion cable drives, and
five with powered elbow devices.
All of these have been in constant
use without major problems,

Blueprints of the motor housing
and gear box shown in Fig. 1 are
available without charge on re-
quest, and further information
may be obtained from the authors.
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SUMMARY

A Symposium was held to as-
sess the current status of below-
knee prosthetics and make recom-
mendations  concerning  future
research and education programs
in the on-going effort to improve

September 1969




current practices. A review of cur-
rent courses of instruction, current
practice in clinical prosthetics,
and current research projects was
made.

It is the consensus that there
now exists a body of knowledge
that has been developed over the
past few years and which is based
on the concepts of the highly suc-
cessful patellar-tendon-bearing
(PTB) prosthesis that permits a
significant improvement in pres-
ent practice, and therefore it is
recommended that special post-
graduate, or continuing educa-
tion, courses be made available
for practicing clinic teams.

Also, it is the consensus that
present research activities in the
field of BK prosthetics are gen-
erally in the right direction. In-
creasing emphasis should be
placed on the development of a
truly refined theory of fitting.

SYMPOSIUM ON
BELOW-KNEE
PROSTHETICS

The Symposium was opened by
Mr. Anthony Staros who, as Di-
rector of the Veterans Administra-
tion Prosthetics Center—the site
of the meeting—welcomed the
participants. As Chairman of the
Subcommittee on Design and De-
velopment he recounted that the
primary objective of the Sym-
posium was to bring together all
available information that might
be helpful to the Prosthetics Ed-
ucation Program in bringing up to
date their courses of instruction
in below-knee prosthetics. He
added that all research activities
in below-knee prosthetics were to
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be reviewed also, and then turned
the meeting over to the Chairman,
Mr. James Foort, who followed
the Schedule (Appendix A) which
had been distributed previously.

A list of participants is included
in this report as Appendix B.

|. Orientation

The Chairman reviewed the
history leading to the Symposium
noting that the so-called patellar-
tendon-bearing prosthesis was de-
veloped at the University of Cali-
fornia, selecting and synthesizing
older ideas and providing rational
biomechanical principles, as a re-
sult of a Symposium held there in
April 1957 (20). Since its introduc-
tion in the United States about
1959, the use of the PTB pros-
thesis (Figs. 1 and 2) has spread
throughout the world. Although
the original PTB prosthesis has
been phenomenally successful (1,
9, 11, 17, 19, 32, 33), a number of
centers have, in recent years, in-
troduced modifications in an effort
to improve the technique even
further. Unfortunately, some of
these developments have been
presented as though they were
completely new types of below-
knee prostheses, when in reality
they are variations of the basic
design.

At the Workshop Panel of
Lower-Extremity Prosthetics Fit-
ting held in January 1968, it be-
came apparent that a number of
innovations held considerable
promise, and the Chairman was
requested to organize a Sympo-
sium in order to elucidate the per-
tinent facts concerning improve-
ments in prostheses for below-knee
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patients. To do this he had visited
virtually ail of the research and
education centers in the United
States and Canada concerned with
BK prosthetics, discussed experi-
ences and current projects with
the personnel involved, and de-
veloped the program as outlined
by the agenda. He felt that the
Symposium could be benificial to
both the Education Program and
the Research Program.

FIGURE 1—Cut-away view of original
design of the patellar-tendon-bearing ket
with soft insert and cuff suspension.
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Il. Review of Practices
Presently Taught in Uni-
versity Programs

A. University of California, Los
Angeles

Mr. Charles Scott, reporting in
the absence of Mr. Bray who was
ill, noted that the current instruc-
tion in below-knee prosthetics was
oriented toward ‘“‘certificate’’ stu-
dents, a group which has had little
or no previous training, and that
five weeks are being devoted to
the subject. He went on to report
the following:

1. Both the hand-casting tech-
nique as described in the manual
(29) and the Northwestern suspen-
sion-casting technique are taught.

2. Hard sockets with Silastic
foam distal ends are taught as well
as the Kemblo-backed insert-type
of socket.

3. The use of synthetic balata
(tubes formed from Polysar* X-
414) for socket fabrication is dem-
onstrated.

4. Modification of the male
stump model is carried out in ac-
cordance with the BK manual
(29).

5. Conventional cuff-suspension
method is taught (24, 29). Some
trials of “PTS” (supracondylar-
suprapatellar) (22, 23) and supra-
condylar-wedge methods of sus-
pension (8), as well as trials of the
newly developed Hosmer suspen-
sion-strap-retainer locator have
been made with inconclusive re-
sults. A lack of time has prevented
the faculty from studying these

* Registered Trademark, Polymer Corp.
Ltd., Sarnia, Ontario, Canada.
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FIGURE 2—Posterior view of brim of orig-
inal PTB socket.

techniques as
would like.
6. Each student makes and fits
four protheses.
B. New York University
Mr. Ivan Dillee reported as

closely as they

follows:
1. Texts used
a. “The Patellar-Tendon-
Bearing  Prosthesis,”
C. W. Radcliffe and
dJ. Foort (29).
b. “VAPC Technique for
Syme,” 1959.

¢. “The Syme and Cho-
part Phosthesis,” H.
Blair Hanger.
(NYU is up-dating and re-
printing the VAPC man-

ual).

d. Supplementary mate-
rial:
(1) Normal Human Lo-

comotion
(2) BK Alignment dJig
—used in lieu of
chapter in manual.

2. Types of Courses
a. Short-term course taught

orthotics and prosthetics

in the Post-Graduate
Medical School primar-
ily for prosthetists with
some experience. (Stu-
dents are required to
have two years’ experi-
ence “in the field,” but
they are often poorly
qualified as prosthetist
students.)

b. Degree Program for
Prosthetists

3. Content of Course
a, Basic instruction and

laboratory exercises cen-
around insert type
socket with hand cast-
ing.

b. NU suspension casting
(I4) demonstrated.

c. Three sockets and two
prostheses are fabri-
cated.

C. Northwestern University

Mr. Blair Hanger noted that in
recent years one short-term course
in BK prosthetics has been offered
every other year in August.

He reported that:

1. Four prostheses are made

during the course.

a. Hard socket with foam end;
suspension casting of the
stump.

b. Insert-type socket;
casting of the stump.

c. PTS socket with insert as
demonstrated by Robert
Nitschke.

d. Supracondylar wedge sys-
tem with hard socket as
demonstrated by Carlton
Fillauer (first taught in

1968).
In addition, a lecture-demon-
stration of the air-cushion socket

hand
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(31) is given to acquaint the stu-
dents with its possibilities.

2. Modifications to the male
models are made in accordance
with principles outlined in the
BK manual.

3. In addition to the cuff, PTS
(supracondylar-suprapatellar), and
supracondylar-wedge methods of
suspension, the method developed
by Jack Caldwell is taught ().

4, A lecture-demonstration on
the carved-wood socket is in-
cluded.

5. Included is an orientation ses-
sion on immediate postsurgical
fitting of prostheses.

In the discussion that followed,
it was brought out that the ma-
jor part of the teaching effort in
reference to BK prosthetics at the
three universities is devoted to the
inexperienced students and most
of the course content consists of
the original methods given in the
BK manual (29). Some time was
devoted to advantages and dis-
advantages of various methods
that might be used to keep prac-
ticing prosthetists up to date, but
no concrete proposals were offered
at this time, it being recognized
that the selection of the most ap-
propriate means must necessarily
be related to the particular sub-
ject matter being offered.

I1l. New Practices

A. Socket Modification and Sus-
pension Systems

Before calling upon Professor
Charles Radcliffe and others to
report on the air-cushion socket,
the Chairman evoked a discussion
in an effort to determine to what
extent hard sockets are used in the
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PTB in reference to sockets with
the inserts. It appeared that the
hard socket with firm foamed-in-
place Silicone rubber ends is the
method of choice in the South, ex-
cept for the fitting of bony, coni-
cal stumps but that this method
was not being used as widely in
other parts of the country. Mr.
Muilenburg reported using mainly
hard sockets with Silicone rubber
ends as did Mr. Thranhardt. Mr.
Fillaver said that approximately
95 per cent of new below-knee
amputees now being fitted by him
were provided sockets, foamed-in-
place Silicone rubber ends, and
the supracondylar wedge-suspen-
sion system.

Mr. Roy Snelson stated that
very few liners were used by his
group but that in difficult cases
they were finding the air-cushion
socket very useful. Mr. Foort re-
lated that approximately 200 pa-
tients have been fitted at his cen-
ter over the past five years and
the bulk of them are geriatric.
They were all fitted with total-
contact sockets without liners or
foam in the ends. The Northwest-
ern University suspension-casting
technique has been used since its
introduction. More recently, since
introduction of the supracondylar-
wedge-type suspension, amputees
have been fitted with a high me-
dial extension which clips over
the medial femoral condyle. This
medial extension is springy rather
than rigid, so that entrance into
the socket can be effected. Mr.
Bert Titus reported that it was
general practice at Duke Univer-
sity to provide hard sockets with
hard ends and that every socket
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FIGURE 3—Cut-away view of the air-cushion socket.

was x-rayed to insure that total
contact was being obtained. Mr.
Nitschke reported that most of his
patients received the “PTS”-type
(supracondylar-suprapatellar)  of
socket which normally calls for a
soft insert. In the immediate post-
surgical fitting program in Seattle,
Mr. Joseph Zettl said that the
standard BK prosthesis has been
the PTB with no liner.

1. Air-Cushion Socket (Fig. 3)

Professor Radcliffe distributed
copies of the most recent VA
manual covering the air-cushion
socket has been designed to pro-
vide more “endbearing’’ than the
original  “total-contact” PTB.
After relating experiences gained
with the air-cushion socket in the
Bay area, and describing certain
key points in the fabricating and
fitting procedures, he said that
the group at the University of
California are convinced that the
technique has a rather widespread

orthotics and prosthetics

application and should not be
limited to use in special cases for
therapeutic value, even though a
little more time is required to
fabricate it. However, it is not rec-
ommended for use when rapid
atrophy is anticipated.

Mr. Leigh Wilson described an
alternate method that was finding
favor in the Bay area for forming
the outer shell over the RTV in-
sert using wax as a mold. Prof.
Radcliffe called attention to a re-
port from the Orthopaedic Hos-
pital, Copenhagen (Appendix C)
and one from the Center for Pros-
thetics and Orthopaedics in Bel-
grade (Appendix D) which had
been distributed to participants
in advance of the Symposium.
Both reports dealt with experi-
ence with the air-cushion socket
and both were quite favorable.
Prof. Radcliffe stated that he had
received word from Sweden and
Italy that experience in those
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countries with the air-cushion
socket had been most favorable
also, and deplored the fact that
the technique was not being used
to any great extent in this coun-
try. Mr. Staros replied that the in-
terim report on fittings being un-
dertaken in the Bay area under
the auspices of the VA showed fa-

vorable results, that a number of
problem cases had been satisfied,
but that it was clear that success
is quite dependent upon applica-
tion strictly according to the man-
ual.

Mr. Snelson, with projection
slides, reported on five success-
ful problem cases that had been

FIGURE 4—The PTS socket,
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TABLE 1. Distribution of Cases Fitted with “PTS" Socket by Robert Nitschke.

Unilateral
Age New Old Total
1-20 7 9 16
20-40 4 12 16
40-60 11 18 29
Over 60 26 14 40 101
Double (All BK)
1-20 0 0 0
20-40 0 0 0
40-60 4 1 54+ 5
Over 60 2 2 4 + 4 18
Double (AK and BK)
1-20 0 1 i 1
120

fitted with the air-cushion socket.

Prof. Radcliffe felt that the
main difficulty with air-cushion
sockets was in the fabrication
technique. It was suggested that
perhaps a central fabrication fa-
cility should be set up so that
prosthetists could send their cor-
rected casts to a certified center
for fabrication of the socket. The
central fabrication scheme could
also be applied to the clear vinyl
sockets developed by Mr. Snel-
son.
2. PTS-type Socket (Fig. 4)

Mr. Nitschke stated that dur-
ing the last two years of the 158
BK prostheses he had fitted, 120
(76 per cent) had been of the PTS
type, more or less as developed
by Mr. Fajal (25, 26, 27). Distri-
bution by age, and whether “old”
or “new’”’ patients, is given in Ta-
ble 1.

Of these 120 sockets, three
were converted to standard PTB
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and five were converted to PTB-
type with sidebars and thigh lac-
ers. In the PTS, a Kemblo insert
with leather liner impregnated
with paraffin is generally used
and in most cases a wedge is used
between the insert and socket to
aid suspension. In about half of
the cases, a wedge is used on both
medial and lateral aspects of the
socket. The insert is used pri-
marily to make later adjustments
easier. Mr. Nitschke felt that the
advantages of the PTS were a re-
duction in piston action of the
stump, the elimination of the
cuff-suspension strap, improved
cosmetic appearance, good medio-
lateral stability at the knee joint,
and prevention of hyperextension
of the knee, but that anteropos-
terior motion about the knee joint
is restricted somewhat. When
complete freedom of the knee
joint is required, he fits the con-
ventional PTB prosthesis. He
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feels that the PTS has definite
advantages for patients with short
stumps and for geriatric patients.
Mr. Nitschke showed motion pic-
tures of a number of cases, and
described in detail various steps
in fabrication and fitting.

A number of the participants
objected to the name “PTS” be-
cause it does not adequately de-
scribe the socket. Prof. Radcliffe
pointed out that PTS had been
derived from the initials of the
name originally given by Mr.
Fajal, prothese-tibiale-supracon-
dylien. It was suggested that a su-
pracondylar-suprapatellar ~ brim”
might be a more functional name.

3. Supracondylar - Wedge - Type
socket (Fig. 5).

Mr. Fillaver recalled how in
1967 he had been introduced in
Muenster to the concept of
achieving suspension by introduc-

Vo 1A

ing a wedge-shaped object be-
tween the stump and socket on
the medial side of the socket just
above the femoral condyle (16).
Upon his return to the United
States, he attempted to duplicate
the work he had seen in Muens-
ter, and after a number of trials
had worked out a successful tech-
nique which he had published in
the June 1968 issue of Orthotics
and Prosthetics (8). Virtually all
“new” amputees seen by Mr. Fil-
lauer are provided with the su-
pracondylar-wedge-type socket.
Mr. Fillauer, using projection
slides, described fabrication and
fitting procedures, noting that de-
velopment of the male model is
the same as described in the man-
ual (29). No liner is used. The
higher brim on the medial and
lateral aspects impart some sta-
bility but not to the same degree

FIGURE 5—The supracondylar-wedge suspension method.
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CHART 1.

as that provided by the PTS
type. Three sizes of wedge seem
to be sufficient, but there is some
argument for adding a fourth size.

Mr. Hanger reported on the ex-
perience at Northwestern Univer-
sity when a number of students
were taught under the direction
of Mr. Fillauer. He felt that the
students were fairly successful,
but location of the wedge is very
critical in achieving a correct fit.
NU hopes to continue to offer in-
struction in this technique in
the future,

Mr. Joseph Zettl described a
technique he had developed in-
dependently of others but which
is essentially the same as the
supracondylar-wedge system de-
scribed and used by Mr. Fillauer.

In the general discussion that
followed, it was clearly the con-
sensus that all of the innovations
that had been reported upon had
a valid place in the management
of the below-knee amputee. Many
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of the innovations are not mutu-
ally exclusive and, therefore,
clinic teams have at their disposal
a number of combinations that
can be used to satisfy the particu-
lar patient.

As a result of a suggestion by
Prof. Radcliffe, a chart based on
functional characteristics of a be-
low-knee socket was developed
(Chart 1).

Further discussion followed. It
was the consensus that:

1. The various versions of the
PTB as shown on the chart should
be introduced into the field as
soon as possible.

2. These techniques should be
included in the Associate of Arts
and Bachelor of Arts and other
long-term courses.

3. Some provisions should be
made to get the information to
practicing prosthetists. Ideally,
UCLA, NYU, and NU should of-
fer postgraduate (continuing edu-
cation) courses, if possible. (Other
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1
suggestions including instruction
at AOPA regional and national
meetings were discussed, but no
consensus was established. This
approach is limited by the im-
practicality of providing labora-
tory practice.)

4. Detailed manuals are needed
in addition to the one on the air-
cushion socket.

Mrs. Friz invited the partici-
pants to consider how the Com-
mittee on Prosthetic-Orthotic Ed-
ucation could help. (Since the
meeting, CPOE has taken steps
to form an ad hoc committee to
review publications and other ed-
ucational material, identify cur-
rent needs, and develop recom-
mendations for action to meet
these needs.)

B. Socket Materials and Fabri-
cation

1. Pneumatic Casting of Sock-
ets using Synthetic Balata (Poly-
sar X-414)

Noting that the Polysar X-414
is a synthetic balata that can be
molded at a temperature that is
comfortable to the skin yet stable
enough at temperatures slightly
above normal body temperature
to serve as a socket material, Mr.
Henry Gardner described a tech-
nique that had been developed
by VAPC to form a hard but flex-
ible PTB-type socket directly
over the stump using a pneu-
matic pressure sleeve (Fig. 6) (30).
Suspension in this design is usu-
ally obtained by connecting the
medial and lateral “ears” of the
socket brim with an elastic strap.
This method is feasible because
of the flexibility of the socket
material. The socket is usually
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mounted on a pylon. A technique
to achieve good cosmetic appear-
ance using a plastic foam, Good-
rich “Spongex,” was described.
The draft manual was currently
being revised to incorporate the
latest changes. Mr. Gardner re-
ported that trials at VAPC over
the past two years had been very
successful and that the technique
was being used routinely at the
VA Brooklyn Hospital to provide
immediate postsurgically fitted
patients with interim prostheses
until they could be fitted by com-
mercial shops.

Mr. A. Bennett Wilson, Jr., re-
ported that under the CPRD
Clinical Evaluation Program, six
prosthetists had been trained at
VAPC, November 6-8, 1968, and
that each will report on at least
five patients fitted under clinical
conditions. At the conclusion of
the course all of the prosthetists
felt that the technique definitely
had merit for fabrication of in-
terim prostheses.

In the discussion that followed
it was recommended that the
manual be completed as soon as
possible and that consideration be
given to using the synthetic ba-
lata sockets in conjunction with
the receptacle system developed
at Winnipeg in order to effect
even more saving in time. Fur-
thermore, the receptacles may of-
fer the reinforcement that seems
to be necessary for some types of
patients.

It was also suggested that, us-
ing the standard size information
already developed at Winnipeg,
synthetic balata sockets for BK
patients be made up in a series of
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FIGURE 6—Some steps in direct forming of a socket using synthetic
balata and air pressure.

standard pre-forms (I10). These
pre-formed sockets could then be
fitted to the patient by heating in
the usual manner and shaped to
the individual stump using the
NU Suspension Casting Tech-
nique. Changes in the patellar
shelf and other minor adjustments
could be carried out subse-
quently. It was felt that this
method will be much quicker than
the method demonstrated and
proposed by Mr. Gardner.

2. Transparent Sockets

Mr. Ronald Lipskin reported on
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recent developments at NYU con-
cerning transparent sockets and
called attention to their techni-
cal report ‘“The Development of
the NYU Transparent Socket
Fabrication Technique” (I8). It
was the consensus that the trans-
parent socket in this form offered
an excellent research tool for fur-
ther study of socket design, fit-
ting, and alignment. As an exam-
ple, it would seem quite feasible
to fit a PTS-type transparent
socket, record relative motion be-
tween stump and socket, trim var-
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ious portions of the proximal sec-
tion away, record the relative
motion, and compare this with
the the original records. From
these comparisons, some very in-
teresting information may de-
velop.

Mr. Lipskin pointed out that
the transparent sockets may lend
themselves for use in determining
stress patterns by techniques in-
volving polarized light and pho-
toelasticity. He was encouraged to
continue his investigation in this
area.

Mr. Snelson reported that his
group was trying to develop a
transparent socket that would be
inexpensive enough to serve as a
check socket or part of a tempo-
rary prosthesis. If it were strong
enough, it could, of course, be
used as part of the permanent
prosthesis. Encouraging results
were being obtained by using fi-
berglass and epoxy with essen-
tially the same refractive index.
His plan includes the use of a
stump sock.

Mr. Snelson also showed a
transparent socket made from vi-
nyl sheet formed by drape and
pressure-forming over the cast.
The socket was beautifully clear
but Mr. Snelson reported that the
manufacturing process was alien
to standard prosthetic procedures,
although he had encountered no
difficulty in the technique.

It was recommended that all of
this work be continued and some
thought be given to the develop-
ment of special stump socks that,
when compressed, might give a
better idea of the distribution of
forces and pressures.
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3. Porous laminates

Mr. Clyde M. E. Dolan re-
viewed the history of porous plas-
tic laminates (6) and cited the
pertinent findings of the NYU
field study concerning the useful-
ness of the AMBRL technique for
below-knee sockets. The test sock-
ets, when fabricated strictly ac-
cording to the manual (15, 28),
provided improved ventilation,
were 30 per cent lighter, but still
withstood hard wear. Slightly
more time is required in fabrica-
tion, and keeping the pores clean
requires diligence on the part of
the patient. In summary, the re-
sults of the field tests were posi-
tive and it is the feeling of NYU
that more patients should be re-
ceiving porous sockets than is
presently the case. In this the
group concurred.

IV. Proper Application of
Sach Foot

Prof. Radcliffe reported that
the Biomechanics Laboratory was
working with VA and with manu-
facturers to modify the shape
slightly in order to improve func-
tion. It is his belief that two forms
of the SACH foot should be avail-
able; one for below-knee prosthe-
ses, the other for above-knee
prostheses.

V. Stump-Socket Relation-
ship

A. NYU Distal-Contact Regu-
lator

Mr. Thomas Grille described
the pneumatic distal-contact reg-
ulator (Fig. 7) which has been de-
signed by NYU to control the
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amount of pressure taken over the
end of the stump. The principle,
if successful, should apply to
both above-knee and below-knee
stumps, but current models have
been fitted to BK cases.

Two patients had been fitted
with the device with generally
positive results though it was too
early to come to any conclusions.
NYU was encouraged to continue
the project.

orthotigs and prosthetics

B. Veterans Administration
Prosthetics Center

Dr. Edward Peizer reviewed
the joint project between the
Prosthetics Research Study, Se-
attle, and VAPC in trying to de-
termine the pressures involved in
immediate postsurgical fitting
procedures (2, 3, 5). This project
will include a study involving the
effects alignment changes have
on pressure distribution. Pressure
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data will be correlated with elec-
tromyographic data.

C. University of Michigan

Mr. Edward Corell reported on
progress being made by him at
the University of Michigan in de-
veloping a method of displaying
the pressure distribution patterns
using computer techniques (5).
Presently he is using five pres-
sure transducers; one at each cor-
ner of a square and one in the cen-
ter. Data are accumulated in the
form shown in Figure 8.

D. Mr. David Harden described
the development of a double-
wall socket with a very flexible
inner wall so that adjustment can
be made by injecting fluid with a
hypodermic-type needle.

VI. Summary and Recom-
mendations

Recommendations

1. There exists a body of knowl-
edge in BK prosthetics that has
been developed in recent years
that should be made available to
practicing prosthetists and other
clinicians for use in everyday
practice. (See Chart 1, p. 13, and
Bibliography, Appendix E.)

2. All education programs are
urged to include this material in
their curricula.

3. Postgraduate-type courses in
these latest techniques should be
made available to practicing
clinic teams.

4, Tt is recognized that manuals
and instructional materials are
needed. This points out the need
for a central group that would be
responsible for the preparation
and dissemination of technical
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FIGURE 8—Typical readouts for pressure
distribution obtained at the University of
Michigan.
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information. Material is now de-
veloped many times without ade-
quate consideration for its ulti-
mate usefulness. In many cases it
has been necessary to use techni-
cal reports for classroom instruc-
tion.

5. Current research efforts in
BK prosthetics should be con-
tinued with emphasis on the de-
velopment of a truly refined the-
ory of fitting.

It is clear that the sockets dis-
cussed during the Symposium are
satisfactory and represent im-
provement over previous prac-
tices. Most of the work in the last
few years in improving the origi-
nal design, especially in suspen-
sion, has been accomplished by
practical prosthetists working in
the field, and it seems unwise for

research centers to devote their
time developing techniques for
further improvement. There is,
however, a lack of knowledge of
the basic principles underlying
an optimum prosthetic fit. Re-
search centers, therefore, should
be encouraged to obtain basic
factual information concerning
the response of tissue to pres-
sure and shear forces and to more
clearly indicate biomechanical
requirements through the wvari-
ous phases of walking. Following
this, development should include
methods by which these princi-
ples could be realized in practice,
including the use of hydrostatic
sockets and other methods of au-
tomatic adjustment.

February 14, 1969
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APPENDIX C
Clinical Study of the Application of the PTB Air-Cushion Socket

Eric Lyquist, Director
Prosthetic/Orthotic Research Department
Orthopaedic Hospital, Copenhagen

During the period January 1966-Septem-
ber 1968 a clinical study of the application
of the PTB air-cushion socket was con-
ducted at the Orhopaedic Hospital, Copen-
hagen, Denmark.

Manufacturing as well as fitting took
place in the Prosthetic/Orthotic Research
Department. The casting procedure fol-
lowed that described by Wilson and Ly-
quist’, and the manufacturing procedures
followed, with no significant modifications,
the procedures described by Lyquist,
Wilson, and Radcliffe'.

The preliminary results based on ex-
aminations of 24 amputees were presented
to the Danish Association of Orthopaedic
Surgeons by J. Kjglbye, M.D., in October
1967.

In September 1968 the Prosthetic/Or-
thothic Research Department published a
technical report about the manufacturing
and fitting procedures as well as results
based on 45 amputees fitted with air-
cushion sockets.

The total number of amputees include
the 24 amputees mentioned above. The re-
maining 21 amputees were all checked and
evaluated by an orthopaedic surgeon at
the time of delivery of the prosthesis and
several of them again at later visits. The
final extensive medical examination has,
however, not yet been completed for this
group, but since these amputees have been
under close observation by the Research
Department it is very unlikely that the re-
sults will have changes at the time of the
final medical examination.
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In the following the figures in ( ) refer
to the preliminary results.

Of the 45 (24) amputees in the test se-
ries, 4 (2} have been dropped, three of
them because they could no longer fulfil
the obligation to meet for reexamination at
request, and one amputee suffering from a
progressive vascular disease became con-
fined to a wheelchair.

Of the thus remaining 41 (22) amputees,
11 (6) are female and 30 (15) male. The
average age was 44 (43) years (ages ranging
from 7 to 74 years).

Seventeen (9) amputees had been con-
tented wearers of the PTB prosthesis for a
minimum of 12 months. When fitted with
air-cushion sockets
13 (7) amputees obtained better comfort

and function,

3 (1) amputees found no changs in com-
fort and function,

1 (1) amputee complained of stump pains
at night, and after 6 months he re-
turned to wearing an ordinary PTB
prosthesis,

Seven (6) amputees had previously been
fitted with the standard type of PTB pros-
thesis, but a successful fitting had never
been achieved. With the air-cushion socket

4 (4) amputees obtained satisfactory com-
fort and function,

1 (1) amputee’s condition must be char-
acterized as unchanged, but he is
wearing a modified air-cushion
socket with soft insert, and

2 (1) amputees had to abandon the air-
cushion socket. After 8 months one
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amputee was fitted with a conven-
tional B/K (with thigh corset) as his
weight fluctuated due greatly to an
ulcus ventriculi. Both amputees
had short stumps 2' inches) with
distal hypersensitivity.

Seven (4) amputees had previously
worn prosthesis and had complications such
as secondary edema distally and ulcera-
tions. When fitted with air-cushion socket

6 (3) amputees obtained satisfactory com-
fort and function.

1 (1) amputee was after 4 weeks fitted
with a standard PTB prosthesis. Her
stump was 2 inches long, and skin
transplantations covered the entire
stump and the distal part of the
thigh,

Four amputees had for 40, 30, 13 and 6
years, respectively, successfully worn a
conventional B/K, but when fitted with an
air-cushion socket they all preferred that
to the conventional prosthesis.

As far as the 35 amputees who had pre-
viously worn a prosthesis are concerned,
fitting with the air-cushion socket gave the
following results:

in 27 cases, increased comfort and func-

tion.

in 4 cases, unchanged condition

in 3 cases, return to standard PTB pros-

thesis

in 1 case the amputee had to be fitted

with a conventional prosthesis.

Of the remaining 6 amputees, 5 had not
before worn a prosthesis and

in 2 cases the amputee had edema dis-

tally and ulceration which heated when
air-cushion socket was applied.

in 1 case the amputee manages well with

air-cushion socket. He has had stump
problems which cannot, however, be
attributed to the prosthesis.

in 1 case the amputee, who had no stump

problems, is wearing an air-cushion
socket with success.

in 1 case the amputee had to be fitted

with a different type of prosthesis be-
cause his stump volume was constantly
changing and his stump was hypersen-
sitive distally.

in 1 case the amputee has previously

been fitted with an air-cushion socket
by a private prosthetist, and she is do-
ing very well.

Of the 41 amputees in the test series,
36 are now wearing the air-cushion socket,
whereas 5 amputees had to abandon it.

As earlier mentioned, 22 of the 41 am-
putees have been through an extensive
medical reexamination. The remaining 19
amputees are also to be reexamined, and
then a more detailed report on the results
and the basic pathology will be published.
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APPENDIX D

EXPERIENCE WITH THE AIR-CUSHION BELOW-KNEE
SOCKET IN YUGOSLAVIA

BOSKO ZOTOVIC, M.D.*

The production of air-cushion sockets
for below-knee prostheses was introduced
into Yugoslavia by the Center for Pros-
thetics in Belgrade, in January 1966, very
shortly after the return of Engineer L.
Gavrilovié from the States, where he had
been taught the technique by Prof. Rad-
cliffe and his group. During his visit to the
University of California, Eng. Gavrilovié
made a number of prostheses. With the

*Zavod Za Protetiku NRS, Vojvode
Putnika 7, Belgrade, Yugoslavia
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help of Prof. Radcliffe’s Manual, he began
to fit air-cushion sockets in the Center.

Betweeen January 1966 and November
1968, 28 patients have been provided with
air-cushion sockets. In addition, patients in
other parts of the country, where we have
trained the staff, have been fitted with the
new type socket.

The technique of work, as well as the
applied material with some minor modifica-
tions, follows the manual closely. SILAS-
TIC #388, a product of the Dow Corning
Co., Midland, Mich., is imported for use in
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the socket, For the prosthesis itself, a local
polyester resin has been used, in standard
proportions of rigid and flexible compo-
nents. The VAPC casting stand, which we
have been using for the past several years
in all below-knee fitting, is used. Align-
ment of these protheses has been carried
out in the standard way using the VAPC
coupling.

However, in fabrication of the air-cush-
ion socket, certain changes from the initial
technique described by Prof. Radcliffe
have been undertaken,

1. For stumps with marked sensitivity
at the distal end, reduction of the pres-
sure at the bottom of the socket has been
achieved by using the plaster-of-Paris mold
as it is made, i.e., without modifications.

2. Corrections of the distal part of the
plaster-of-Paris mold have been carried out
only for those cases which tolerate distal
pressures. In this case, we have followed
instructions given in the Manual.

3. When bony prominences as well as
the marked oversensitive areas are present,
the distal reduction of cast, for about 9
mm., is performed all over, except for areas
where the sensitivity and pressures have
been noted. In certain cases, at these areas,
even the local buildups of the cast, for
about 3-4 mm. had to be performed.

These were the only changes made, and
these are minor, yet they are significant in
providing prostheses that can be used by
patients with overly sensitive stumps,

For several years now it has been our
policy to trim the anterior, medial and lat-
eral walls at the level of the proximal bor-
der of the patella, or even higher, with a
slight rounding anteriorly around and
above the patella. This practice yields bet-
ter retention of the stump within the socket
and therefore less need for suspension, and
shorter stumps can be fitted, At the same
time more stability about the knee is ob-
tained, a feature that is necessary for some
cases with certain knee disabilities. This
higher socket horder had been applied to
air-cushion sockets.

Stumps as short as 2% in., measured
from the tibial plateau, have been fitted
satisfactorily. Not a single patient required
a thigh corset with mechanical joints as a
suspension means. For the cases with ex-
tremely short stumps, suspension was
achieved by using a special 3 mm. thick
Ortholen cuff attached to the socket by
vertical uprights. Such a cuff provides not
only suspension but stability about the
knee as well.

During fitting and alignment the pres-
sure within the air-chamber is controlled

orthotics and prosthetics

by a manometer attached to the socket,
during both the swing and stance phases of
ambulation. During the swing phase, the
pressure was negative and amounted to 0.2
atmospheres while in the stance phase its
value was increased by 0.07 atm. After the
trials, the manometer is detached, the con-
nective tube is sealed with a plastic resin,
the coupling device is removed, and the
prosthesis is finished in the normal manner.

The patients fitted with these pros-
theses were of different age groups, their
amputations resulted from various causes,
and they have undergone regular one-
month and three-months follow-up studies.
The results were very satisfactory for all of
them. There was not any objection on the
part of the wearers, and they all were very
contented with these prostheses. Not a
single patient fitted with the air-cushion
socket discarded it or switched to some
other type. There have been, however,
several cases who have ordered the second
prosthesis with an air-cushion socket, and
three have ordered a third.

The statements and subjective estima-
tions of the patients correspond, to a great
extent, to our findings, as follows:

1. Better and more intimate fit between
the stump and the prosthesis.

2. Better positioning of prosthesis dur-
ing ambulation; better coordination of gait,
i.e., better coordination of movements and
more improved and easier gait.

3. Better control over the prosthesis has
been reported by all wearers.

4. The patients stress the subjective
sense of relative elongation of the stump
length.

5, The blood circulation within the
stump was improved, even where some
circulatory changes have been previously
diagnosed. The skin quality has been im-
proved to a certain extent, and the skin re-
covered its normal color. After some time,
hair began to grow on stump surfaces where
it had vanished due to shear.

6. Muscle function was more obvious
while using the air-cushion socket, and
muscle strength was improved to a certain
extent. This assessment was established on
the basis of comparative muscle tests which
were performed for all patients,

In several cases, when stump atrophy
was present, there were attempts to correct
the sockets by making a new Silastic cham-
ber over the cast and mold to make a dou-
ble air cushion. Unfortunately, this trial,
as well as some other attempts at cor-
rections, has failed. The only reasocnable
method presently known for correcting for
stump atrophy is to make a new socket.
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After the experimental work was fin-
ished and we became familiar with the
technique, we organized a Seminar for
teaching the other orthopedic enterprises
in Yugoslavia, and now the air-cushion
socket is being produced in several other
places. These institutions report findings
parallel to our own.

Last year we demonstrated the use of
the air-cushion socket in Hungary and Bul-
garia. We are informed that the patients
that have been fitted with this type of
prosthesis in Hungary and Bulgaria are
very satisfied with them. The appraisal of
experts in these countries is also very
praiseworthy, and it corresponds to our
opinion as submitted in this report.

Before closing we would like to point out
that we have applied this technique with
some modification to below-elbow stumps
as well. We have experimented with cases
where oversensitivity at the stump end was
obvious, or the stump was bulbous, or
where bony prominences were present. The
patients responded very well to this type of
air-cushion socket. They had a feeling of
relative elongation of the stump, the posi-

tioning of the prosthesis was better, the
sense at work was better, and, in their
words, they were more manipulative. This
was particularly demonstrated in the case
of a bilateral below-elbow amputee, where
one side was fitted with the air-cushion be-
low-elbow prosthesis, while the other side
was fitted with a standard-type of pre-
flected Hepp-Kuhn prosthesis. With this
work, Mr. Hector Kay has been acquainted,
during his recent stay with us.

In conclusion, we would like to stress
that our results with air-cushion sockets
have been very good. No contraindications
for use have been found. We would like to
point out that this technique requires a
solid knowledge and training, and that ac-
curacy and studiousness are necessary for
success. Because the accuracy required is
greater than that for other types of BK
sockets, it is not surprising that some enter-
prises make a socket which is not adequate.
For this reason the clinic team must check
out each case most carefully to prevent the
unjustified failure of this really good and
useful type of below-knee socket.
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SUPINATOR®
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The Tarso Supinator Shoe
positions the foot to support
itself, and trains it to become
self-supporting.

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

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

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

of walking with the toes straight
ahead.

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

BEFORE AFTER

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

MARKELL SHOE COMPANY, INC.

504 SAW MILL RIVER ROAD, YONKERS, NEW YORK
ORIGINATORS OF TARSO PRONATOR® AND TARSO MEDIUS® SHOES.
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gakime, SUPPLIERS TO
QLRI PROSTHETIC & ORTHOTIC FAGILITIES

HOSIERY

Stock Sizes &
Made to Measure

Support Hose
Elastic Hose

SACRO-EASE CAR SEATS

JOHNSON & JOHNSON
RUHRSTERN

PILLOW & SPLINTS
FOR HIP ABDUCTION

U.S. MANUFACT URING CO.

BECKER
TORSION
SPLINTS

A/K & B/K Postsurgicsl Pylons

THE SOURCE FOR ALL YOUR SHOP NEEDS

STUMP SOCKS— BRACES—CORSETS
HOSIERY—TRACTION EQUIPMENT

PROSTHETIC & ORTHOTIC
PARTS—SUPPLIES COMPONENTS

CS—PLASTER
TOOLS—FOAMS—LEATHER—STOCKINETTE
WEBBING—WOOD—FABRICS

l\\l I-IRI'TE, l\(_

AVENUE & KANSAS (
PHONE
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Sabel considers
the foot problem
and the sensitivity
of the patient

No woman desires to wear mis-mates
even under the handicap of discomforting
foot conditions. Many such cases can be
aided in a SURGICAL OXFORD that
minimizes the orthopedic

appearance of the shoe.

new, original
SABEL'S

No. 5885, Sizes 4-10
D width. Full sizes only

IN-STOCK

Woman'’s Surgical Oxford

1. Lace-to-toe. Adjusts to accommodate swellings.
Padded tongue. Firm but gentle control.

Broad straight heel accepts brace stirrup.
Replaces masculine looking high boot.

For problem feet, post-operative condition or
most sensitive foot conditions.

1. Sabel Shoes, 1207 Chestnut St., Phila., Pa. 19107

o & 9 n

September 1969
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READY TO FIT HAND, WRIST AND FINGER BRACE;
CERVICAL BRACES, TRAINING AIDS AND SPECIAL
APPLIANCES — PLUS A COMPLETE LINE OF SPINAL
AND LEG BRACES CUSTOM MANUFACTURED TO
YOUR MEASUREMENTS.

COMPLETE CATALOG AVAILABLE OM REQUEST

C. D. DENISON ORTHOPEDIC APPLIANCE CORP.

220 W. 28th Street — Baltimore, Md. 21211
_ J

XXV
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The “‘ORIGINAL”

WILLIAMS Lumbo-Sacral Flexion Brace
(Designed by Dr. Paul C. Williams)

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

Measurements:

1. Chest (about 4” below nipple line)

2. Waist (at naval line)

3. Pelvic (1, distance between
greater trochanter and crest of
ilium)

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

ALL ORTHOPAEDIC APPLIANCES
Orders filled at the request of members of the profession only

MILLER BRACE & SURGICAL SUPPORT CO.

P.O. Box 26181
3902 Gaston Avenue Dallas, Texas

45 Degree Flexion Head-Halter

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

Pat. Pend.

xxvi
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A NEW PRODUCT OF MODERN RESEARCH

Sabel gets
all the
breaks...

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

with the new
all-purpose AM-BOOT!

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

and medical requirements.

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

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

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

nor left.

Notice elongated heel.

Heavy foam interlining with soft,
glove leather lining throughout.

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

SABEL'’S

Steel shank is

pre-drilled for easy

brace attachment

Heel is extra long
to accept angular
bracework.

AM-BOOT

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







It was a good idea that started Camp on the road to leadership in the first place.
Over sixty years ago Camp found a need and filled it—a line of supports designed
in cooperation with doctors for specific medical problems. And there has been a steady
flow of new ideas ever since—the Camp-Varco Pelvic Traction Belt and the Camp
Tru Life Breast Prosthesis to name only two. And we’re working on some new ideas
now that you will see a little later. So, whenever you are looking for orthotic supports
and appliances to fill a doctor’s prescription or a customer’s needs, remember Camp.
It’s a four letter word. S. H. Camp and Company, Jackson, Michigan 49204.

strange how

so many good ideas
startwitha

four letter word

CAMP




WHICH ARE THE
BEST SELLING
CHILDRENS
PRESCRIPTION
SHOES?

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

Cosmetic Realism
IN

Hand Restorations

FEATURES

FIRM, RESILIENT “'FEEL" LIFELIKE ELLIPTICAL WRIST
BRAIDED SPIRAL \
WIRE INSERTS ——— THREE EASILY
POSITION THE P ADAPTED MOUNTING
DUCTILE FINGERS e Pt &+, q ARRANGEMENTS
e b, - o
/ —
LIGHT WEIGHT -
FLESH COLOR VINYL TINT
GIVES EXTRA COLOR DEPTH
PERFECTLY CORRELATED FIT WHEN USED WITH
TO COVERING COSMETIC GLOVES Zeatastic GLOVES

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

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

mene OAKLAND, CALIF. 94608 U. S. A.
— fr7es pHone (415) 658-7440 or 658-7441

L
2 1000 FORTY SECOND STREET
3
)

A J
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Stereo Safety-Knee

WAGNER'S

September 1969



KINGSLEY @% PRODUCTS

= 1 COSMETIC GLOVES

THE STANDARD OF

THE INDUSTRY

STANDARD COLORS

AVAILABLE IN 12 DIFFERENT SHADES
TO FIT EVERY REQUIREMENT.

LAMINATED FEET

WE “'SPECIALIZE IN SPECIALS"
FOR YOUR SPECJAL CASES

MOLDED E =

imgsley mmfg, co.

1984 PLACENTIA AVENUE + COSTA MESA, CALIFORNIA




ORTHOTIC

SYSTEMS

.
WRITE FOR CATALOG

RO. Box 20262

Houston, Texas
77025

PHONE (713) 523-6275

xxiv

Patent Pending

ACE DUAL-ACTION P.T.B. SUSPENSION
STRAP

RESTRICTIONS

One Size For All Cases
Specify—Right or Left

34 French Street
New Brunswick, N. J. 08901

NEW and TRIED

= * Hamstring
Pressure

Kneeling

Sitting

HOLDS LEG IN CONSTANT SUSPENSION
PRESSURE AT ALL ANGLES, WITH NO

$2.00 each
ACE ORTHOPEDIC APPLIANCE COMPANY

NO

IN

and

Saptember 1969




1969 CERTIFICATION EXAMINATION

Our congratulations are extended
to the following persons who at-
tained Certification Status as a
result of the recent Certification
Examination held at Northwestern
University in Chicago.

Certified Prosthetists
Thomas P. Haslam
Charles L. Smith
James D. Thelen
Patrick McManamon
Falko Forbrich
Eugene P. Silver
Walter S. Horiuchi
Carlo Marano
Peter G. Sarles
Klaus H. Lohmann
Ralph T. Coffman
Charles W. McLaughlin
John E. Eschen
John M. Snowden
Jan J. Stokosa
Kenneth G. Schwarz
Bradd L. Rosenquist
Maurice A. LeBlanc
Virgil W. Faulkner
Thomas F. Karsten
Daniel Chopp

Certified Orthotists
Werner Otto Kunze
Alton A. Scott
Lawrence H. Johnson, Jr.
James E. Bouch
Robert W. Eads
James C. Hughes
Loren L. Saxton
Thomas Louis Ray
Stephen P. Steinkamp
Donald G. Zielke
William Clinton Snell
Sicgfried Senff
Arden N. Peterson
Thomas Bart
James M. Anderson
Wallace W. Lossing

Certified Orthotists-Prosthetists
Charles H. Dankmeyer, Jr.
Harold E. Miller
Robert E. Teufel
Harold G. Prescott
Franklin H. Amtower
George P. Irons
William F. Sinclair
Herbert W. Marx

FINNIE

JIG

Arthur Finnieston Laboratories
1901 N.W. 17th Avenue
Miami, Florida 33125

orthotics and prosthetics
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g The 1969 NATIONAL ASSEMBLY of the

'q AMERICAN ORTHOTIC AND
PROSTHETIC ASSOCIATION

\

% will be held

N

N

OCTOBER 12-15, 1969

at the

HILTON-PLAZA HOTEL

MIAMI BEACH, FLORIDA

For Program Details and Registration Information
write to

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

The Assembly is open to all who are interested in the
rehabilitation of the orthopedically disabled
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Know that your corrections will be ma
shoes uniquely designed to accommoda
in a stable, controlled, superior quali

Alden: Pedil: s sulperior ammmodatio
rections is achieved not only with unig
Long inside counters; right and
inside; heavy gauge right
shanl(s. and um lut -
'.I'Ie finest foundation mads




"PLASTISKIN" Perfection

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

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

Tenenbaum, Prosthetics

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




