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OFFICIAL NOTICE

The 1963 National Assembly of the
American Orthotics and Prosthetics Association
will be held November 2 - 6, 1963

at the Jung Hotel, New Orleans

The Assembly is open to all who are interested in the

rehabilitation of the orthopedically disabled

=70

Assembly Registration forms are available from:

AQCPA
@19 - 18th Street, N.W.
Washington, D. C, 20006




All Your Needs For
‘ ORTHOPEDIC AND PROSTHETIC APPLIANCES

SUPPLIES
Under One Roof

| Coutils * Moleskins * Brocades * Elastics

Non-Elastics * Nylon Lacings * Buckles

Tools + Air Foam * Steels * Durane
Vibretta * and the

New Con(:ept n fd_ftenz.ng TRY VELCRO'S SUPERIOR

(® PERFORMANCE ON YOUR
PROSTHETIC APPLICATIONS

distributed to the
Orthopedic and Prosthetic Professions

by
L Laufer & Co.

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

Special Orthopedic Shoes
MADE TO ORDER

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
Chicage 13, Illlinois
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GENUINE HORSEHIDE

CALFSKIN NAPPAS
ELK STRAP MOULDING LEATHER
PLATE LEATHER BARK STEERHIDE

Comp /imenfd

EST, 1879

C.N. WATERHOUSE LEATHER CO.

200 SUMMER STREET
BOSTON 10, MASS.
C. N. WATERHOUSE Liberty 2-4112

Specialists in leather

Fer Prosthetic and Orthopaedic Appliances
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SAFETY
KNEE?

This Question can best be answered with a question—What are

the physical capabilities of the amputee? The Otto Bock Safety Knee

is not a magic cure-all that transforms above-knee amputees

into athletes. Not everyone who wears an Otto Bock Safety Knee

will be able to participate in a vigorous game of tennis as

shown here. BUT ... they will enjoy greater stability and a feeling

of confidence walking over rough terrain, up and down ramps

and stairs. For complete details contact your jocal Otto Bock
distributor or write direct.

ORTHOPEDIC INDUSTRY

219-14TH AVENUE NORTH
MINMEAPOLIS, MINNESQTA

DISTRIBUTED BY:
K & K Prosthetic Supplies, Inc. — Bellmore, L. 1., New York
Kingsley Manufacturing Co. — Costa Mesa, California
Pel Supply Company — Cleveland 2, Ohio
The Knit-Rite Company — Kansas City 6, Missour|
Southern Prosthetic Supply Co. — Atlanta 8, Georgia

PAGE 228 SEPTEMBER, 1963



CONTENTS (continved}

Specifications Development and Compliance Testing ... .

Education and Training..

Dr. Rosenkranz's Prosthetic Splinters III

INDEX TO ADVERTISEMENTS—SEPTEMBER, 1963

American Rawhide Mfg. Co.
American Sporting Goods

D. B. Backer Company....... ...

Becker Orthopedic Appliance Co..

Otto Bock Orthopedic
Industry, Inc. ... . .

S. H. Camp & Ce....
G. W. Cheshrough, Inc.
Child Life Shoes

C. D. Denison Orthopedic
Appliance Corp.

D. W, Dorrance.

DUPACO, Inc.

Feiner Bros. . . .

Fillaver Surgical Supplies
Florida Brace Corp.. .. 5
Freeman Mfg. Company
Guardian Products Company
Wn'. H. Horn & Bro.

A. J. Hosmer Corp,

Joseph Jones Company.. ..

Jomas B, Kendrick Company...

ORTHOPEDIC & PROSTHETIC APPLIANCE JOURNAL

. 238
329
332

236

. 228
. 230-231
333

322

320
234
236
. 238
. 316

334

298

311

313
Kingsley Mfg. Company 232
Knit-Rite Company .. . nz
L. Laufer & Company.. 225
Leverage Hand Brake 330
Levy & Rappel, Inc. 324
M. J. Markell Shoe Company 233
Medic Shoe Manufacturers, Inc. 327
Miller Braoce Company 328
Minneapolis Artificial Limb Company . 336
Ohio Willow Wood Company 318
Orthopedic Equipment Co. 235
Robert O, Porzelt . 225
Prosthetic Services of San Francisco. 325
1. Sabel . 335
Sierra Engineering Company... 331
Southern Prosthetic Supply Co. .. 336
Tenenbaum Prosthetics . Back Cover
Trautman Specialties, Inc. n
Truform Anatomical Supports 315
Tru-Eze Mfg. Co., Inc. . 326
U. 5. Mfg. Co. . 319
Waterhouse Leather Co.. 226

PAGE 229



GAMP MARKETING AND

CGREATES NEW PROHT
(Cden=a IRTHOPEDIG-

PAGE 230

Camp now offers an ortho-
pedic version of its pace-
setting Cadenza girdle. This
all new, molded support fea-
tures a special orthopedic back
panel that reaches high enough
to bridge the lumbar vertebra.
Plush covered paraspinal rein-
forcements that can accept
shaped steels provide the
strength and rigidity needed

SEPTEMBER, 1963




DESIGN LEADERSHIP
POTENTIAL FOR YOO
- HUNGTIONAL FASHIONABLE

 for orthopedic use. Split Hip
| design uses DuPont’s Lycra
Spandex for firm hip control,
and white rayon figured cotton
jacquard front and back pan-
els to mold the garment firmly
around the figure. Zipper clos-
ing adds to ease in donning.
|  Available in two lengths to
| assure proper fit.

sell easily!

S. H. Camp & Company of Canada Ltd.,
Trenton, Ontario

S. H. Camp & Company Ltd., London, England

Camp Scandinavia AB, Sundyberg, Sweden
Corset-Scharer, G.m.b.H., Lucerne, Switzerland
Bandage en Corset-industrie BASKO,

TRADE s Amsterdam, Netherlands

s Berlei Ltd., Sydney, Australia
S. H. Camp and Company, Jackson, Michigan Berlei (NZ) Ltd., Auckland, New Zealand
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L L T A
HYDRA NU-MATIC

knee control

Now the unequaled amoothness
of hydnaulics is available at a very
modedt coot,

The Hydra Nu-Matic is Light
in weight, tamper-proof, and is
inatalled in a atandand OQtto Bock
knee shin set up.

Wnite fon details today.

Kingsley mfg. co.

1984 PLACENTIA, COSTA MESA, CALIFORNIA
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Correctve shoes can also be fashion correct!

THERAPEUTIC

TARSO’ SHOES

BY MARKELL

have been prescribed by doctors
for over 30 years.

Noneed to improvise corrections!
There are Tarso Shoes made to
deal with every common toe-in
and toe-out problem—effectively,
comfortably, and at reasonable
cost,

Tarso® Shoes by Markell are
in-stock and are sold through
the finest shoe stores and brace
and limb houses throughout the
United States and in Canada.
Write for our catalog and price
list.

Tarso Supinator® shoes
are a standby for fiat
feet. They control toe-
out and ankle prona-
tion by *‘supinating"
the heel.

Tarso Pronator® and
related Tarso Qutflare®
shoes are used for
pigeon toe, metatarsus
varus, end corrected
club feet, They pro-

vide safe, comfortable,
forefoot abduction,

b

Tarsa Medius® stralght
lasts are specially
shaped shoes with no
infiare or outflare.
They are used for gen-
eral prescription work,
particularly where
there is mild pigeon
toe.

MARKELL SHOE COMPANY, INC.

504 SAW MILL RIVER ROAD, YONKERS, NEW YORK

ORTHOPEDIC & PROSTHETIC APPLIANCE JOURNAL
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Infants Adult Farmers
12p 5X 71O

DORRANCE TERMINAL DEVICES

Dorrance hooks for artificial arms
have achieved world wide acceptance

15 Sizes and Models available

D. W. DORRANCE CO., INC.

541 Division St.
Campbell, California

The Universally Accepted

HOSMER ELBOW

» STRONG
» NEAT
« DEPENDABLE

In a Wide Variety of
Sizes, Colors, and Models

A. J. Hosmer Corp.
P.Q. Box 152
SANTA CLARA, CALIF.

Cable Address: “HOSMER”’
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Denis Browne type de-
tachable night splint for
pre-wzlkers to 4 years

&

b

-

MORE
PROFIT

Orthopedic Equipment Com
pany products are sold
through dealers. Every ad
and mailer carries the line
“available from your dealer”.
With QEC full line you get
more VOLUME FOR MORE
PROFIT! Only a few OEC
products are shown. The
complete catalog is yours on
request. With it your service is
greatly extended, resulting in
MORE PROFITABLE VOLUME'

White for Catalog

OEC SELLS THRU DEALERS!

Infants’ abduction hip
splint. Sanitary, comfort-
able, veniitated plastic.

Abbott hyperexlension
brace. 3-point hyper-
extension of area from
8th dorsal vertebra
through lumbar spine

Anodized
aluminum
walko

1
White tips

Bed elevation blocks. Al gfe BUPS:

aluminum, one-piece, in mslrJuLi-i'nn

67, B and 107 helghls. oiont as»

Fit all beds. iy 5

(B)Adjustable aluminum
32" to 3812,

justs 28” to 35”.

Fits all canes.

Slatted bed board for
firm, flat support
Permits elevated

oy UP YOUR

VUlUTﬁ//
Y

Orthopedic cane. Ad-

©7ri-tip Base only.

(@cCanadian crutch.
Adjustable.

®sturdy deluxe Cana-
dian crutch.

®Axilla aluminum
crutch.

ORTHOPEDIC EQUIPMENT COMPANY, INC.

BOURBON, INDIANA
e EUROPEAN AFFILIATES

head-knee positron
Folds compactly
Washable

ORTHOPEDIC & PROSTHETIC APPLIANCE JOURNAL

. 7IMMER ORTHOPAEDIC LTD, Bridgend, Glam,

Great Britain
ORTOFEDIA G.mb.H Kiel, Germany
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announcing a classic new dimension
in bydraulic control for the discrimi-
nating A. K. amputee

[ e DUPACO HERMES* coNTROL UNIT |

This small precision hydraulic control unit
weighs only 12 ounces and fits neatly into
conventional prostheses. It uses space age
technology and a "Hydraulic Brain” to
achieve an exceptionally smooth walking gait
over a wide range of speeds in both summer
heat and winter cold.

born_in Arcadia (Greece).

Women and teenagers particularly appreciate prostheses containing the lightweight
DUPACO HERMES because the compact design readily permits duplication of trim
limbs and slim ankles.

Men appreciate the ruggedness, dependability and quick responsé to gait changes
SO necessary in sports.

DUPACO HERMES is furnished in wood sctups of Otto Bock and U.S.
Mfg. types. It is also available in pylon setups if desired.
PROGRESSIVE PROSTHETISTS SPECIFY DUPACO HERMES!

Write today for free calalog and brochure!

DUPACQO INCORPORATED BOX 180 ARCADIA » CALIFORNIA

TN
Becken apjusTABLE /& By,

HYPEREXTENSION BRACE f

® Quick release, snap- 3 \
out attachment : B

e Adjustable, self align-
ing posterior pad

® Rotating adjustment
for sternal and pubic
pads

e Vertical and horizon-
tal sliding adjust-
ments

e Bi-lateral worm gear
traction bands

e Plastic water resist-
ant pad covers

e Constructed of 24 ST
aluminum

O

A

|
A
(

<
#

MODEL

L-25

MANUFACTURERS OF PRECISION-MADE BRACE PARTS

BECK.ER ORTHOPEDIC APPLIANCE COMPANY 24 Hour Service
1776 South Woodward « Birmingham, Michigan
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POROUS
LAMINATING
FOR
AMPUTEES

U. S. APRL Technical Report 6204
“Porous Laminates” January 1962

Ban-Lon Stockinet for inner and outer layers in
laminating procedures now available from
Bell-Horn.

Now Ban-Lon Laminated Stockinet eliminates
the problems of perspiration involving the en-
cased stump. Due to its minute pores this mate-
rial prevents blockage of sweat pores. Ban-Lon
Stockinet laminates can be readily cleaned by
soaking in detergent followed by flushing with
water which is a hygienic plus.

MADE IN LAY FLAT DIAMETERS:
2", 3", 4", 6", and 8".

Prices furnished on request:

451 N. THIRD STREET BELL-HORN

PHILADELPHIA 23, PENNSYLVANIA (for over 120 years)
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for YOUR
ORTHOPEDIC-PRO STHETIC-
SURGICAL MATERIALS

e COUTILS ® FOAM RUBBER

o BROCADES ® ARTIFICIAL LIMB WEBS

e MOLESKIN ® NYLON CORDS

e BONING @ EYELET AND LACE TIPPING

@ SPINAL STEELS MACHINES

® BUCKLES ® ARTIFICIAL LIMB BUCKLES

® ELASTIC AND NON-ELASTIC @ COTTON AND NYLON
WEBBING STOCKINETTE

e GARTERS e COTTON

® FELT « NYLON

e RIVETS # SILK THREAD

“QOrder with Confidence from

FEINER BROS.

381 PARK AVE. SOUTH
NEW YORK 16, N. Y.

CATALOGUE ON REQUEST We Know Your Requirements”

only the finest

. AMERICAN
RAWHIDE
MFG.
COMPANY

in leather and rawhide will do . . .

. since 1928, specialistsin

~ providing that supreme quality S b A &
. NOR ANCH -

CHICAGO 22, ILLINOIS
of skins required for exacting

prosthetic and orthopedic use.
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A pnes :

BUSINESS
BOOSTER-

CLOSED TOE
AND HEEL

Now your customers can enjoy the comfort of Kendrick sup-
port in a sheer Kenlon Surgical Stocking with closed toe and
heel that does away with the need for dress hose.

Kenlon Stockings are knit of sheer, nylon-covered surgical
elastic for cool, lightweight comfort. Uniform, even pres-
sure from toe to top is assured by Kenlon’s full-fashioned
construction. Smooth, flat-knit for greater comfort underfoot.
Reinforced stretch-nylon in toe and heel for longer wear.
Four sizes in soft beige — in all lengths to thigh. Also avail-
able with expanded top.

Here is firm support — and beauty, too — for the woman
who must be on her feet all day. It’s another business hooster
from Kendrick, the home of Kenlite, Kennit, and Kenlastic
Surgical Stockings. Write for further information & samples.

JAMES R. KENDRICK COMPANY. INC.
Philadelphia 44, Pa. New York 16, N. Y.

Kendrick

Sheer Kenlon Stockings with
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[t is with pleasure and satisfaction that we dedicate this September
1963 issue to the VA Prosthetics Center, located at 252 Seventh Avenue,
New York 1, New York. The contents of this issue have been prepared by
the staff of the Center.

For the past seven years, the work of the Center has been a significant
factor in the development of improved appliances and services to the dis-
abled veterans and indeed the handicapped throughout the world.

The orthotists and prosthetists of America, perhaps more than any
other group, are aware o this contribution. Through these seven years, they
have come to value the officers and staff of the Center for their technical
skill, their efficiency and their devotion to duty.

The staff of the Center have worked long hours to assist all who gen-
uinely want to improve the lot of the handicapped. By their publications,
their demonstrations and the technical programs they have presented at our

Regicnal and National Meetings, they have made an outstanding contribu-
tion.

The orthotists and prosthetists of America have come to think of them
as Iriends and colleagues. We look forward to the continuation of this

cooperation which has been so fruitful in terms of progress in prosthetics
and orthotics.

CarLTON FILLAUER, President,
American Orthotics and Prosthetics Association

RicHARD G. BIDWELL, President,
American Board for Certification in Orthotics and Prosthetics, Inc.
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Coniributors to this issue:

MEMBERS OF THE STAFF OF THE VA PROSTHETICS CENTER

ANTHONY STAROS
Anthony Staros, Chief of the VA

Prosthetics Center, was horn and
raised on Long lsland’s South Shore.
Educated at the Massachusetls Insti-
tute of Technology, Cornell Univer-
sity. Stanford University, and Hof-
stra University, Mr. Staros has a
Master's Degree in Mechanical Engi-
neering and is a Registered Profes-
sional Engineer. After discharge from
the U. S. Marine Corps in 1946, he
worked in ordnance design before
joining the Veterans Administration
in 1949 as Chiel of the Prosthetic
Testing and Development Laboratory.
When the VA Prosthetics Center was
formed in 1956, Mr. Staros was made
its Chief. He is a past member of the
Committee on Prosthetics Research
and Development of the NAS-NRC
and is still aclive on its subcommit-
tees. Mr. Staros is also a member of
the International Committee on Pros-
theses, Braces, and Technical Aids of
the ISRD and chairman of its U S,
subcommiltee.

ORTHOPEDIC & PROSTHETIC APPLIANCE JOURNAL

FRANK A. WITTECK

Frank A. Witteck, Assistant Chief
of the VA Prosthetics Center, is a
native New Yorker. Educated at the
Polytechnic Institute of Brooklyn and
New York University, Mr. Witteck
is a Registered Professional Engi-
neer. He was discharged from the
U. S. Army in 1916. In 1950 he
joined the Veterans Administration
in the Testing and Development Lab-
oratory. He was Chief of the Testing
and Development Laboratory and the
Limb and Brace Section before as-
suming his present position.

GABRIEL ROSENKRANZ, M.D.

Dr. Rosenkranz, full-time medical
consultant to the VA Prosthetics Cen-
ter. was raised and educated in Vien-
na. Austria. receiving his Medical
Diploma from the University of Vien-
na. His post-graduate studies include
six years of internship and resideneies
in Vienna hospitals and were fol-
lowed by ten vears of medical prac-
tice, specializing in sports medicine
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GABRIEL ROSENKRANZ

and traumatology (he was club phy-
sician of the Polo Club, the Jockey
Club, Chief Medical Advisor of Ac-
cident Insurance “Zurich,” Work-
men’s Insurance and others).

He arrived in the United States
in 1038 and passed state board ex-
aminations in New York and Massa-
chusetts. After a one-year residency
here, World War II started. Dr.
Rosenkranz was commissioned a Cap-
tain in the U. S. Army M.C. and
served for about two years at Station
Hospital 81 (Orthopedic Dept.) in
New York. Since 1946 he has been
associated with the New York offices
of the Prosthetic and Sensory Aids
Service. In 1947 he participated in
the Suction Socket Instructor’s Course
at the University of California —
Berkeley. For several years there-
after he conducted numerous VA Suc-
tion Socket Training Courses through-
out the country.

In 1949 he took part in the Euro-
pean Research Trip (with Professor
H. Eberhart and Dr. V. Inman of
the University of California), spon-
sored by the National Academy of
Sciences.

In 1951 he was assigned consultant
to a group of German prosthetics ex-
perts on a U. S. A. tour sponsored

PAGE 242

by the State Department. Between
1051 and 1957 he served several
times as a guest lecturer at national
conventions and regional meetings of

the AOPA.

Recently he started year-round
courses in functional anatomy for
prosthetists and orthotists in the VA
Prosthetics Center. Other regular du-
ties include studies of domestic and
foreign medical and associated pub-
lications {or the information of clini-
cians and research and development
personnel. His translations from the
German literature, typically accom-
panied by his perceptive analyses
and suggestions, have been extremely
helpful. He has written several ar-
ticles relative to prosthetics (on
“Creatinuria as a Stress Phenomenon
in Major Amputations,” on the patel-
lar tendon bearing socket and other
topics).

In 1961 he also assumed the duties
as a member of the regular weekly
and “Instant” or daily prosthetics
and orthotics clinic teams of the VA
Prosthetics Center.

e is a member of several profes-
sional societies. His exuberance and
enthusiasm for the problems of the
amputee keep him perennially young.
A prolific reader, he still finds time
for hobbies: dabbling in technical
innovations (“circometer,” “prosthet-
oscope” and, more successfully,
chess).

He has just recently participated
in the Triennial Congress of the In-
ternational College of Surgeons and
Traumatologists in Vienna (Sept. 1-
7, 1963) where he spoke on “Modern
Prosthetics in USA.” During a 7-
week stay in Europe at the time of
the Congress, he visited numerous
research and rehabilitation centers.

ANASTASIA S. KEANE
Mrs. Anastasia S. Keane, a native
of Massachusetts, began her Govern-
ment service at the Springfield Arm-
ory in 1935. As secretary and assist-
ant to the Procurement Officer dur-
ing the war years she was especially
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ANASTASIA KEANE

active in following up shipments of
steel, gun stocks, and all the parts
and materials that went into the mak-
ing of the Garand rifles.

Mrs. Keane came to New York in
late 1945 as administrative assistant
to the Chief of the newly organized
Medical Rehabilitation Clinic in the
New York Regional Office of the Vet-
erans Administration. Here she began
her close association with all the
projects which the Prosthetic and
Sensory Aids Service has encom-
passed through the years. With the
exception of one year as chief super-
visor of administrative personnel in
the NYRO Medical Division, she has
been actively interested and involved
in VA’s varied prosthetics programs.
In July, 1948, she was appointed ad-
ministrative assistant to Dr. Augustus
Thorndike, then Acting Director of
VA’s Prosthetic and Sensory Aids
Service. When the VA Prosthetics
Center was established in February
1956, she was appointed as ils Ad-
ministrative Officer and has function-
ed since then in this capacity. Budg-
ets and finances, procurement, per-
sonnel—so vital in VAPC’s active,
diversified programs—are her pri-
mary concerns.

ORTHOPEDIC & PROSTHETIC APPLIANCE JOURNAL

WILLIAM J. McILMURRAY,
C.P.O.

William Mcllmurray, Chief of the
Center’s Limb and Brace Section, is
a native of Brooklyn, New York
where he received his schooling. He
started working in prosthetics for
Amsterdam Brothers in New York
City. Shortly after his discharge from
the U. S. Navy in 1946, he was em-
ployed by the New York Veterans
Administration Regional Office as an
Orthotist. He started working for the
VA Prosthetics Center in 1956, as an
Orthopedic Technologist and since
that time he served as the Acting
Chief, Testing and Development Lab-
oratory and as a Research Staff Pros-
thetist-Orthotist, both prior to his
present position.

HENRY F. GARDNER, C.P.O.

Henry Gardner, Chief of the VA
Prosthetics Center’s Special Projects
Staff, was reared on Michigan’s upper
peninsula where he attended Hough-
ton Tech. At the outbreak of World
War II he joined the Maritime Serv-
ice and was trained at the U. S.
Army Academy of Marine Engineer-
ing at St. Petershurg, Florida. He
graduated in 1943 and served as an
engineering officer on board several
ships in both the Pacific and the At-

lantic theaters,
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He worked as a limb fitter’s helper
during his early school days and
later worked as a fitter for the C. A.
Frees Company of New York City.
In 1947 he joined the Veterans Ad-
ministration where he concentrated
upon research and development. He
has assisted several of the prosthetics
schools and has recently been exten-
sively involved in educational semi-
nars for VA clinicians. He has been
quite active on subcommittees of the
Committee on Prosthetics Research
and Development and has participat-
ed in several international prosthetics
projects, notably in Argentina and
Yugoslavia.

EDWARD PEIZER, Ph.D.
Edward Peizer, Chief of the Bio-

engineering Laboratory, was born
and raised in New York City. After
his release from active duty with the
U. S. Army in 1945, he continued
his educalion at New York Univer-
sity where he earned his Ph.D. As a
faculty member of the New York
University School of Education, he
divided his time between teaching
and laboratory work in the Perform-
ance Physiology Laboratory until re-
called to active duty for service in
Korea. Returning in 1954, he joined
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the staff of the College of Engineer-
ing at New York University where
he held various positions including
Field Study Supervisor, Associate
Project Director for Child Prosthetic
Studies and Orthotic Studies until
1962 when he joined the Veterans
Administration. He is a member and
current Vice President of the New
York Metropolitan Chapter of the
Human Factors Society and has
served on several ad hoc panels of
the NAS-NRC’s Committee on Pros-
thetics Research and Development.

FRANK SCHENCK

Frank Schenck, Chief of the Or-
thopedic Shoe Section, was born in
Germany where he received his basic
education consisting of eight years
of public school and two years of
trade school. At the age of fourteen,
he began his apprenticeship as an
orthopedic shoemaker which lasted
for 3% years. Upon completion of
his apprenticeship he received a cer-
tification as a journeyman.

At the age of 19, he emigrated to
the U.S.A. (in October, 1929) tak-
ing up residence on Long Island. He
was employed by the J. H. Block
Orthopedic Shoe Company, then lo-
cated at 146 E. 53rd Street, where
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he specialized in orthopedic shoe pre-
scription, foot measurement, and the
making of orthopedic shoe lasts.

In October, 1945, after his dis-
charge from the U. S. Army for
which he served as an orthopedic
technician at the Orthopedic Shop.
Valley-Forge General Hospital, Phoe-
nixville, Pa., he returned to the J. H.
Block Company. He joined the Vet-
erans Administration’s Orthopedic
Shop at 252 Seventh Avenue, New
York in October, 1946.

Mr. Schenck was put in charge of
the nationwide orthopedic shoe pro-
gram in 195]. Later, he was made
Chief of Orthopedic Shoe Section of
the VA Prosthetics Center.

OTTO ROTHMAN

Otto Rothman has been Chief of
the Testing and Development Lab-
oratory since 1959. He has had wide
experience in design and specifica-
tions work—valuable background for
the mission of the Laboratory. The
broadening of the scope and the
strengthening of prosthetics specifica-
tions are his primary responsibilities.
In addition, Mr. Rothman supervises
the physical testing and evaluation
programs and specification compli-
ance checks. He designs new test
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equipment and also improves on de-
signs of new prosthetic devices. Pre-
vious to coming to the VAPC, he
worked on noise-control at the U. S.
Navy Material Laboratory. Since the
beginning of World War Il and for
some years after, Mr. Rothman
worked in various research labora-
tories on such unrelated projects as
radar instruments, sound recording
machines, anti-aircraft guns, bomb-
ing computers, bomb bay mecha-
nisms, and others.

Mr. Rothman graduated from ele-
mentary and technical high school
in Vienna, Austria. He got his M.E.
degree at the City College of New
York, then took post-graduate courses
at the Polytechnic Institute of Brook-
lyn. He is a Registered Professional
Engineer in the State of New York.

WERNER GREENBAUM, C.P.O.

Werner Greenbaum, Supervisor of
the Orthotics Unit of the Limb and
Brace Section, started his career in
orthotics in 1939 as an apprentice
in the brace shop of the Hospital for
Joint Diseases in New York. Upon
completion of his apprenticeship he
transferred to the brace shop of the
Lenox Hill Hospital. After his dis-
charge from the U. S. Army in 1946,
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WIERNER GREENBAUM
he joined the Veterans Administra-
tion as an orthotist. Shortly after the
establishment of the Prosthetics Cen-
ter in 1955, he became Supervisor
of the Orthotics Unit.

THOMAS PIRRELLO, JR., C.P.O.

Thomas Pirrello, Jr., a member of
the Special Projects Stafl of the VA
Prosthetics Center, is a native New
Yorker and at present resides on
Long Island. While serving in the
U. S. Navy during World War II, he
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received his introduction to pros-
thetics. After discharge from the serv-
ice in 1947 and with his interest still
in the field, he joined the Veterans
Administration prosthetics activities
at the New York Regional Office. e
has attended various courses in pros-
thetics and has lectured at numerous
seminars and AOPA regional meet-
ings.

For the past several years, he has
primarily participated in research
and development in prosthetics and
orthotics.

ANTON J. REICHENBERGER

Anton J. Reichenberger, Supervisor
of the Testing Unit, Testing and De-
velopment Laboratory, VAPC, was
born and reared in Europe. Educated
in both Europe and the United States,
Mr. Reichenberger has an A.A.S. de-
gree in Mechanical Technology and
is a certified Engineering Technician.
After discharge from the U. S. Army
in 1953, he worked in the machine
industry before joining the Veterans
Administration in 1954. Mr. Reich-
enberger has been with the Testing
and Development Laboratory, VAPC,
since 1957. He is a member of the
Institute for Certification of Engi-
neering Technicians and the Ameri-
can Society for Metals.

SEPTEMBER, 1963




An Introduction

In this issue of the Orthopedic and Prosthetic Appliance Journal, we present the
VA Prosthetics Center, an organization “1o serve him who served”—and also in help-
ing the disabled veteran. to provide indirect benefits to all disabled. How can the
Veterans Administration best provide such service—with due regard to the diverse
needs of the disabled?

First of all, it must assemble dedicated and knowledgeable people to work, nay to
serve, for it is truly service that is sought. Next, the managerial environment for these
people needs to be enlightening, guiding, and never too restricting. Team effort among
diverse disciplines and creativity must be fostered. Above all, close contact and tech-
nical and even social exchanges with colleagues throughout the nation and world are
mandatory.

Each member of the organization should be made to feel the deep satisfaction
and gratitude that come from his contributions in behalf of the disabled; true, these
are intangible benefits but ones that motivate many humans more than financial profit.
And management must encourage contribution from all, no matter their role in the or-
ganization. Care for patients brings to one a direct awareness of the joys of service.
Whether the results of patient care are immediately observable or whether they are
known to take place in a distant setting is of little moment. The important thing is the
realization that one’s participation in the prosthetics restoration process has aided
another human being.

But satisfaction with the present—with the conventional-—can be stagnating. We
need to study human capability and human disability to find new avenues for service
and new devices and techniques. We must also review the conventional—clinical prac-
tice as it exists—to improve and progress through development. Particularly in this
latter area, there is need for extremely close contact between clinical and research
activities. Preferably, research and development personnel should have daily contact
with patients so that not only will generalized improvements be made on sound clin-
ical bases but special problem cases can benefit from the innovations of the develop-
ment-oriented practitioner.

Of course, “evaluation” is ever-present. But it need not restrict nor delay. It
should guide development; it should not police it. Certainly some items require longer
programs of testing and evaluation than others— but generally. evaluation should be
simplified, perhaps standardized to take a secondary role to development—to improve-
ment—to constant and continuous change for the better.

Similarily, when we specify or standardize. we should leave the door open for
change. Specify we must because of practical production and procurement problems.
Testing against specifications assures quality and quality assures service. But specifi-
cations, more than anything else, fully define the present, the take-off point for the
change for which we plead. For truly, “if it works, it's obsolete.”

And always, the change yielded needs to be reported and demonstrated. Clini-
cians throughout the world should be continually informed about those items which
can be used now and those which might be used in the near and distant future.

So to the American Orthotics and Prosthetics Association we extend our gratitude
for this opportunity to “show and tell.” We want your membership and others to
know about the VA Prosthetics Center—to know who we are. how we are organized,
what we are doing, and what we will do. Our purpose is service, and improvement is
our product. Both need to be applied through the private practitioner in orthotics and
prosthetics. Only thusly might we achieve the gains, the satisfactions we seek.

ANTHONY STAROS
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A Broad Spectrum Structure for

Prosthetics and Orthotics Restoration

Since its inception in early 1956, the Veterans Administration Pros-
thetics Center has had two basic missions: one, research and development
in the fields of prosthetics and orthotics and; two, the furnishing of pros-
thetic and orthotic services to veteran beneficiaries. These missions were
not to be separate, but rather were conceived to be complementary. An
additional function, ever-increasing in importance, is the cooperation with
the Research and Development Division, Prosthetic and Sensory Aids Service,
in the carrying out of their educational mission, especially as related to
intra-VA training in various aspects of prosthetics and orthotics. Thus,
the Center’s programs range from basic research through development and
evaluation, hence through specifications and compliance testing to pro-
curement, distribution, clinical treatment and education and dissemination

of information.

To carry out these manifold and overlapping responsibilities, the Pros-
thetics Center is organized into a number of Sections or Laboratories each
with its own unique responsibilities. The form of the organization is shown
in Fig. 1. Administration of the Center is carried out by the Office of the
Chief, a group concerned with direction and coordination of all of the
Center’s activities as well as budgets and other fiscal matters. A part-time
orthopedic consultant who is Chief of the Center’s Orthopedic and Prosthetic
Appliance Clinic Team and a full-time medical advisor are also part of this
group. The Special Projects Staff, a small group of research prosthetists
and orthotists, handles those projects which are not directly the responsibility
of any one Section or those projects which may involve the services of

several Sections.

The five Sections of the Center are
the Bioengineering Laboratory, the
Limb and Brace Section, the Ortho-
pedic Shoe Section, the Prefabricated
Appliances Section, and the Testing
and Development Laboratory. The
major functions of the two Labora-
tories and the Limb and Brace Sec-
tion are quite adequately covered in
the articles which follow in this Jour-
nal. But the orthopedic shoe and pre-
fabricated appliance programs, which
are alike in many respects, constitute
a unique but major part of the Cen-
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ter’s overall clinical mission; therefore some description of these programs
is needed. Brief overviews of the function of the Center’s clinic teams and
the evaluation and educational programs are also presented here.

The physician prescribing for an eligible beneficiary with a foot
disability or deformity has several courses of action open to him. If the

disability does not require an orthopedic shoe, he may prescribe modifi-
cation or correction of stock shoes furnished by the beneficiary. If the

veteran’s condition warrants, the physician may prescribe orthopedic shoes
to be furnished by one of three sources: a local custom orthopedic shoe-
maker, the nearest VA Last Clinic, or the VAPC Orthopedic Shoe Section.
These orthopedic shoes are made over individual lasts based on the physi-
cian’s prescription and measurements. The overwhelming majority of shoes
furnished by the Orthopedic Shoe Section are fabricated by firms under
contract with the VA. The same is true of those orthopedic shoes returned
to the Orthopedic Shoe Section for repair. In particularly difficult cases,
orthopedic shoes are fabricated over lasts by an orthotist (shoes) in one
of the Last Clinics or in the Orthopedic Shoe Section. Procedures for pro-
curing new shoes, repeat orders, or repairs are illustrated in Fgures
2, 3, and 4.

In a similar fashion, physicians may presecribe fluid-controlled mechan-
isms, elastic hosiery, or orthopedic corsets and belts. Elastic hosiery and

orthopedic corsets or belts may be procured through local facilities or the
Prefabricated Appliances Section of the VAPC. Fluid-controlled mechan-

isms for above-knee prostheses are issued by prescription through the Pre-
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CENTRALIZED PROCUREMENT
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Figure 2. Centralized procurement of new orthopedic shoes—first order.
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fabricated Appliances Section. The unit is shipped directly to a limb facility
for inclusion in a veteran’s prosthesis. This procedure permits better quality
control as all units are inspected upon receipt and before shipment. Feed-
back received through clinical experience enables the VA to make the
manufacturer aware of shortcomings which can be corrected by design
changes or improved production techniques.

An important adjunet of VAPC operations is the Orthopedic and Pros-
thetic Appliance Clinic Team. The team meets weekly to see veterans whose
prosthetic or orthotic problems are out of the ordinary. These beneficiaries
usually are referred to the Center from other VA offices or hospitals. Often
it is necessary to house these patients locally while devices that are sometimes
unique in nature are fabricated. Such cases require much time, study, and
experimentation. Of course, universal success cannot be claimed, but by a
concerted effort of all involved, including the patient, it is usually possible
to come close to the desired goal. In many cases. patients are referred for
consultation only. In these instances, opinions and recommendations of the
Clinic Team are forwarded to the requesting station. Arrangements are
then made by the station for local procurement of the desired appliances.
The work of this VAPC Clinic Team is supplemented by an informal team
that is prepared to handle unscheduled patients and emergent situations
on a moment’s notice. This “instant” clinic team is headed by the Center’s
medical advisor who has at his immediate call any or all of the resource
people of the Center.

The Clinic Team also plays an important role in those clinical evaluations
or application studies conducted in the Center. New devices or techniques
often require simple quick evaluations to determine such factors as prac-
ticality, effectiveness, and patient acceptance. The Clinic Teams participated
by performing such functions as screening, medical examination, prescription,
follow-up examinations, etc. The case histories including diagnoses, X-rays,
photographs, and the like furnish the basis for publication in various media
and the dissemination of information to those in the fields of prosthetics
and orthotics.

The education and training functions of the Prosthetics Center dis-
cussed in some additional detail in another article in this issue, manifest
themselves in several ways. Intra-VA training courses are conducted by
the Research and Development Division, Prosthetic and Sensory Aids
Service. Participants include physicians, therapists, prosthetic specialists
or representatives, and orthopedic shop personnel, all coming from VA in-
stallations in various parts of the United States. Many lectures and/or
demonstrations are given by staff members of the Center to these diverse
groups. Teams are often sent out to various parts of the country to con-
duct specialized seminars for both VA personnel and industry groups.
A trainee program has been instituted in the Limb and Brace Section of
the Center. Several young men are being trained in prosthetics and or-
thotics with the aim of their sitting for certification in several years. It is
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expected that this program will not only continue but be expanded in the
near future. The Bioengineering Laboratory has a summer employment
program for graduate and undergraduate students. These men are not only
making a worthwhile contribution to the operation of the Laboratory but
are receiving an exposure to a facet of human factors engineering quite
different from any other.

Assignments or projects come Lo the VA Prosthetics Center in many
ways. Soms are the result of instructions received directly from the Pros-
thetic and Sensory Aids Service in Central Office, Washington, D. C. Others
come about from ideas generated within the Center by its own personnel.
Of course, there are those assignments by the Committee on Prosthetic
Research ard Development of the National Academy of Sciences—National
Research Council. Lastly, there are projects which are international in scope
and derive from contacts with the U. S. State Department, Vocational Re-
habilitation Administration (formerly Office of Vocational Rehabilitation),
and the Coramittee on Prostheses, Braces, and Technical Aids of the Inter-
national Society for Rehabilitation of the Disabled.

Tables of organization and missions are fine in themselves but mean
nothing without dedicated people to make them come alive. Many arts and
skills are represented in the VA Prosthetics Center: machinist, illustrator,
engineer, orthotist, prosthetist, physiologist, secretary, physician, engineering
technician, photographer, and others. The efforts of these men and women
are devoted to a common goal: to serve the disabled.

=70
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Man, Mechanism,

and Mobility: Bioengineering
> > y € 4 ‘ St
Ev Oﬂfxa /7‘! o /\0‘ ©¢ : “In the beginning was the word

..” according to St. John, and perhaps it would be a proper beginning to
offer a formal definition of the term Bioengineering. We shall refrain,
however, since much of the meaning we intend to convey is obvious from
the mere juxtaposition of bio and engineering. To define it further would
impose limits on our appreciation of the scope and potentiality of the issue
to be expected from a union of physics and biology, engineering and medi-
cine.

The trend to consider research and development simultaneously from
both human and mechanical standpoints can be noted in many recent and
current research programs. Space exploration, for example, must proceed
in terms of the limitations and capabilities of both primary factors: the
man as well as the machine. Appreciation of the human factor in the man-
machine equation has become increasingly vital in military research. On
the other hand, medicine and physiology primarily concerned with biological
processes are increasingly dependent upon the development of improved
instrumentation. But this is an old story in prosthetics and orthotics where,
as perhaps nowhere else, the limitations of engineering science and the com-
plexities of human disability combine to impede advancement. Most promis-
ing in this respect is a systems analysis approach in which physiological
and engineering concepts, intimately related in a common frame of reference,
are focused on problems of human disability.

The Veterans Administration has long recognized the value of sys-
tematic research and began to organize such efforts in prosthetics and or-
thotics 15 years ago. Other agencies of course have since contributed to the
same objectives, The results in this field have kept pace with scientific de-
velopment everywhere and it is generally conceded that more has been
achieved in the last 15 years than in the previous 1500 vears. But goals
in this respect have not remained static: although progress has improved
the lot of the handicapped, increasingly higher achievements are demanded
and sought.

Future advancement requires both the improvement of present concepts
and the evolution of new ones. Improvement can be achieved by the refine-
ment of present techniques: innovation calls for the introduction of new
ideas to provide a breakthrough in design. Both avenues of progress must
be based upon adequate research and evaluation systems.

In keeping with its tradition of leadership and its responsibility to
offer the best service possible to veterans, VA has taken steps to meet these
challenges. It has very recently organized the Bioengineering Laboratory.
a major division of the VAPC. in an effort to consolidate its resources and
increase its capacity for research and development.

FaciLiTiES

The section of the Bioengineering Laboratory specializing in human
factors research occupies an area 76 ft. x 66 ft. providing 5,016 square feet
of floor space.

It is located on the street-level main floor of the building providing
easy access for wheelchair and crutch-using patients. Completely girdling
the main floor is a mezzanine with 2000 square feet of additional space.
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Figure 1. The main floor of the Bioengineering Laboratory showing several walkways used
in laboratory studies.

On the main floor are several specially designed walkways which are

used in studies of locomotion. The
lower walkway, 50 feet long, has been
equipped with a metal conductor
tread for use in studies of the tem-
poral factors of gait. Metal electrodes,
attached to the subject’s shoes, close
a circuit when they make contact with
the metal walkway permitting such
primary gait characteristics as stance
time, swing time, and velocity to be
recorded. Other significant variables
such as ratio of swing to stance time
and ratio of step times are derived
from these basic data.

The center section of the lower
walkway, 18 feet long, can be raised
or lowered from either end by means
of an electrically powered jack in-
stalled through the flooring beneath.
It provides inclinations of up to 14
degrees and it is used to study the
effects of various prosthetic and or-
thotic devices on the ability of a sub-
ject to walk up and down hills.

Figure 2. Electrically powered ramp permits
the evaluation of patient performance in
ascending and descending hills with varying
slopes.

The center section of the lower walkway, 18 feet long. can be raised
or lowered from either end by means of an electrically powered jack in-
stalled through the flooring beneath. It provides inclinations of up to 14
degrees and it is used to study the effects of various prosthetic and orthotic
devices on the ability of a subject to walk up and down hills.

The upper walkway is equipped with an eight foot long gridded glass

PAGE 254

SEPTEMBER, 1963




Figure 3. Glass Walkway: Density differences in the photographs obtained through the
glass walkway indicate pressure patterns between the foot lor shoe) and the floor.

section and a mirror mounted beneath it at an angle of 45 degrees to the
vertical. With this arrangement it is possible to photograph the interface
between the foot or shoe and the floor in order to study the weight transi-
tion during the stance phase of gait.

Also installed in the upper walkway is a pair of force plates, which
are used to measure the several kinds of forces interacting hetween the foot
and the ground during stance: vertical. shear. and torque forces.

Many of the studies conducted in the Bioengineering Laboratory re-
quire the simultaneous recording of several rapidly changing variables,
a task which depends upon the use of complex electronic instrumentation.
All the electronic outputs are fed into appropriate amplification and record-
ing apparatus housed in the instrument room, a glass enclosed area per-
mitting observation of the entire Laboratory testing area. Equipment for

=

Figure 4. Instrumentation Room: Nerve center of the laboratory where all electrical outputs
are monitored and recorded and where multiple data collecting devices are synchronized.
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Figure 5. Part of the metabolic laboratory located on the mezzanine where space is also
furnished for graduate engineering students assigned to special individual projects.

maintaining a relatively stable atmospheric environment has been installed

here.

Above the main level of the Bioengineering Laboratory is a mezzanine
which features a 172 foot long rectangular track. The track has been de-
signed primarily for metabolic studies of the energy cost of using artifi-
cial limbs, braces, wheelchairs or other devices under more natural con-
ditions than are possible on the walkways alone. A device has been installed
to aid in controlling cadence and velocity during these studies. It consists
of a light cable which is drawn through pulleys along the outside rail of

the track by means of a variable
speed motcr. The subject adjusts his
speed to keep up with a signal on the
cable. Access to this area is provided
by a flight of stairs from the main
floor and by a separate entrance at
the level of the mezzanine.

EQuiPMENT

The Bioengineering Laboratory is
equipped with a variety of devices
for recording and analyzing the major
parameters of locomotion and other
physical activities, The primary in-
strumentation consists of a pair of
force plates and a cyclograph. The
force plates are 15x20 inch aluminum
platforms set flush with the walkway
surface. Each plate is supported on
four columns which are instrumented
with strain gages. When a subject
steps on a plate, forces of varying
magnitudes and directions are applied
to the plate during the entire period
from heel contact to the instant of
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forces,
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toe-off. These forces are transmitted to the supporting columns and the
strain gages which are part of a Wheatstone bridge circuit. The gage outputs,
calibrated in pounds of force, are amplified and recorded. The gages are
arranged in a geometric pattern to respond to vertical forces, fore and aft
shears, medio-lateral shears, torques and by analysis, instantaneous centers
of pressure are determined.

Used in conjunction with the force plates is the tachograph, a device
for measuring the linear velocity of the subject’s center of gravity as he
walks. It consists of a light webbing waist belt to which is attached a light
cable. It is adjusted on the subject at the level of his Center of Gravity

Figure 6B. Geometry of strain gage arrays mounted on supporting columns resolves

comg nt forces applied to plates.

1 -
Figure 7. Twelve force plate channels record forces in three planes for each leg during the
stance phase of gait. The measures obtained include curves of vertical, horizontal, fore and
aft shear, medio-lateral shear and torque forces as well as instantaneous center of
pressures on x and y axes.
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Figure B. Tachograph: Instantaneous velocities of the CG are recorded during locomotion
as a subject drives a DC generator,

{CG) as determined by weighing him while he is lying down on a large
board, one end of which is placed on a scale and the other on a block of equal
height; the total body weight, the weight recorded on the scale, and the
length of the board are combined in a formula from which vertical height
of the CG can be calculated. As the subject walks, he pulls the cable attached
to the belt through a Direct-Current (DC) generator whose output, propor-
tionate to the velocity, is recorded.

The cyclograph is essentially two cameras whose films are exposed
by means of a slitted disc which rotates in front of the camera lenses at a
constant speed of 12.5 rps. One cam- -
era is a static cyclograph consisting
of a specially modified 8x10 view
camera. With the shutter open, the
film plate is exposed each time one
of the four equally spaced slits on the
rotating disc passes the lens, provid-
ing up to 50 exposures per second.
As the film remains static, the prod-
uct is a so-called “stick picture” with
multiple exposures of the subject, ap-
propriately targeted with reflective
tape, as he passes through the camera
field. The s2cond camera, mounted
12 inches away in the same horizon-
tal plane, is a gliding cyclograph, a
modification of the type developed by
Dr. Rudolfs Drillis of NYU. This de-
vice is similar in function to the
static cyclograph, the important dif-
ference being that it transports the

Figure 9. Cyclograph: Provides multiple syn-
chronous exposures at 25 or 50 FPS of tar-

film in the same direction as the
subject walks. The obtained photo-
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Figure 10. Static Cyclogram: Displacement of body segments in space are indicated by
sequent ‘‘sticks’’ which are 1/50 second apart permitting calculation of velocities.
graph does much to simplify the analysis of the “stick picture” in areas
such as the ankle joint where the sticks fall too closely together in the static

cyclograph to permit accurate measurement.

Because a large part of modern bioengineering techniques depends upon
photometric analysis, high quality photographic laboratory facilities are
essential. The photographic laboratory, located on the main floor, is exten-
sively equipped to provide these services. “Stick pictures” are processed
within minutes after exposure to assure adequacy while the subject is still
available for retakes if necessary. Advanced development procedures are
employed to simplify analysis.

SUPPORTING FAcCILITIES

The Bioengineering Laboratory enjoys an unusual advantage in the
availability of other facilities in the VAPC. Supporting the Bioengineering
Laboratory is a well equipped machine shop, an integral part of the Testing
and Development Laboratory. Models, jigs, tools and components can be

Figure 11. Gliding Cyclogram: Prevents overlapping of ‘‘sticks’’ particularly during stance
phase.
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Figure 12. Pholographic Laboratory: Equipped
for processing stills, movies, and cyclograms.

fabricated quickly, economically and
efficiently in this section of the VA
Prosthetics Center,

The technique of applying experi-
mental limbs and braces is an im-
portant aspect of many studies con-
ducted in the Bioengineering Labora-
tory. As the fitting procedure is often
a key factor in the research design,
precision and reproducibility are fun-
damental requirements and it is ab-
solutely essential that the best tech-
nological skills be available. For this
reason, the Laboratory facilities in-
clude a Prosthetic /Orthotic Shop and
the services of the personnel of the
Limb and Brace Section of the Cen-
ter.

Research and evaluation on braces
also require expert technical advice
on the fabrication and fitting of or-
thopedic shoes. The Orthopedic Shoe
Section of VAPC provides assistance

and support in these matters by making available highly experienced tech-
nicians and extensive facilities. This Section is also actively participating
with the Bisengineering Laboratory in recently undertaken studies of the
effectiveness of shoe corrections, a relatively unexplored area.

PERSONNEL

It is obvious that facilities and equipment are not the most essential
ingredients of a productive laboratory; the key factor is the staff which
operates the facility. As presently constituted, the full-time staff of the

Figure 13. A small part of the machine shep: Modern equipment makes for versatility,

high quality work, safety and economy.
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Figure 14, Limb & Brace Section: Designed to provide the most advanced service to veferans
and to improve prosthetic and orthotic devices.

Bioengineering Laboratory includes people whose primary training is in
physiology, electronics. photometry and engineering, Not on a full-time basis,
but available as consultants or participants in specific studies are physicians,
physical therapists, engineering specialists and a physicist. This wide range
of backgrounds and specialties provides versatility in research design and
strong support for a variety of studies.

ACTIVITIES AND PLANS

The Bioengineering Laboratory was conceived and organized as a
center for bioengineering study; to furnish an efficient environment and
modern means for research and development in this field. This intention

Figure 15. Part of the shop of the Orthopedic Shoe Section: Modern facility serving 12,000
veterans all over the country alse provides suppert for research and development.
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is being translated into appropriale action in accordance with a long term
plan. It was devised on the basis of current needs, an appreciation of sirong
trends in the field, avoiding duplication of effort, and the economic ex-
ploitation of our own and others’ capabilities and efforts. It calls for the
development of four distinct, though closely correlated programs:

VAPC Intramural Research and Development
Cooperation with VA Contractors
Service to Other Governmental Agencies
Student Work-Study Project

1. VAPC INTRAMURAL RESEARCH AND DDEVELOPMENT

VAPC is necessarily interested in an extremely broad range of prob-
lems relating to prosthetic and orthotic devices, orthopedic shoes and other
appliances for the handicapped. Each of the several organic sections as
well as other VA units require research and development services. These
needs can be substantially met by the Bioengineering Laboratory and ac-
cordingly, the following series of studies reflecting their interests are now
being undertaken:

a. Evaluation of the Effect of Several Shoe Correction Procedures on Sta-
bility, Comfort and Gait.

Mild deformities of the foot are usually stabilized or corrected by the
prescripticn of orthopedic or modified conventional shoes. While this
practice may be entirely adequate, too little is known about the actual out-
come of the applications, We plan, therefore, to study the influence of
conventional shoe correction practices on patient function and comfort.
Conventional shoe corrections will be systematically introduced into shoes
worn by normal and handicapped subjects, and the effects on their per-
formance will be objectively described.

b. Evaluation of Externally Powered Devices for Upper Extremity Amputees.

Incressing emphasis on auxiliary sources of power for prosthetic and
orthotic devices for the upper extremity creates a need for clearer under-
standing and a rational selection of the areas of utilization. The specific
functions of the shoulder, elbow and wrist for which externally powered
devices are most applicable should be clarified. Accordingly, we plan to study
the forces and ranges of motion required for a variety of useful activities
and to identify those areas in which external power is most needed.

c. Studies on the effect of Transverse Rotations in Normal Human Loco-
motion.

The purpose of the study is to fill out our present concepts of normal
locomotion as regards the role of the relative rotations occurring in the
tibia, femur, pelvis and spine during ambulation. Of particular interest are
the relationships between the floor reaction torque forces and the displace-
ment/acceleration of the contralateral hip joint. As an extension of this
study, an objective description of several pathologic gait patterns and the
accompanying muscular substitution techniques may be obtained.

d. Evaluation of Current Leg-Thigh Brace Designs.

Convertional non-weight bearing leg-thigh braces are usually con-
structed of two lateral uprights and fitted with knee locks. A ecritical
analysis is required to determine areas of overdesign in strength and restraint
and to improve function.

The results of this study will be applied to further development and
optimizatior: of a device offering adequate support, stability in stance phase
and perhaps, some degree of flexion in swing phase.

e. Evaluating the Physical Capacities of Geriatrics.
In this field a complete program is required to determine decrements
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in performance with age. The work tolerance, endurance and physical
educability of the aged are not completely understood. To be sought is
a valid system of subject evaluation and physical conditioning to provide
a rational basis for the prescription of aids.

f- Pressure Distribution Within Lower Extremity Sockets.

Several commercially available pressure transducers are being evalu-
ated and modified where necessary, for use in this study which is of funda-
mental importance in evaluating the effectiveness of several currently used
socket fitting methods. Of particular interest for example, is the deter-
mination of pressures on the ischium in above knee sockets, and those
on the patellar tendon in weight-bearing below knee sockets.

g. Evaluation of Knee and Ankle Mechanism for AK Amputees

A definitive, long-term study is indicated in which the performance
of a carefully selected sample of subjects, fitted under highly controlled
conditions, will be evaluated. This study is designed to apply an objective
measurement technique to the evaluation of the several hydraulic, pneumatic
and mechanical knee mechanisms which are now available or in various
stages of development. The ultimate goal is to improve prescription indi-
cations.

Knee and ankle mechanisms are being evaluated on the basis of several
sets of comparisons. First, knee and ankle funciion data obtained in
mechanical tests on gait simulating machines are compared to similar data
obtained when used by an amputee. Then the function of the new device
is compared to others with respect to its effect on the gait pattern,

h. Analysis of the Energy and Motion Requirements of a Lightweight W heel-
chair.

A new lightweight wheelchair was recently submitted for evaluation.
The primary purpose of the study is to compare the comfort, maneuver-
ability, durability and energy cost requirements of the new device with
conventional models currently in use. Four subjects presently using con-
ventional wheelchairs are participating. Their subjective reactions to use

Figure 16. Wheelchair and subiect instrumented with device to meter and sample expired air
in energy consumption studies.
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of the chair have been recorded and an analysis was made of the relative

maneuverability of both items in turning corners, climbing curbs and avoid-

ing obstacles. The metabolic costs of using cach chair were determined.

In addition, destructive tests to measure durability of axles, wheel bushings

and framework are being undertaken.

i. Evaluation of the Single Bar Leg-Thigh (Long Leg) Brace With Limited
Knee Flexion.

A leg-thigh brace featuring a single lateral sidebar and limited knee
flexion has been designed by VAPC. A program is in progress to evaluale
its effect on the gait patterns of several subjects. The performance of each
participant in this study will be compared while using his conventional brace
and the experimental brace.

j- Evaluation of the “Stand-Alone”
A mobile unit has been developed to enable wheelchair palients—

paraplegics in particular—to wheel themselves about in an upright position.
This device is currently being evaluated in a program to: (1) determine
the easc of entering and exiting the unit: (2) analyze the design with
respect lo malerials and mechanical adequacy: (3) determine the mechani-
cal forees required to operate; (4) measure the metabolic energy cost re-

quired to operate; and (5) evaluate maneuverability and durabilily.

2. ResearcH anDp DeveropmenT Prockam IN COOPERATION WITH VA
CONTRACTORS

It is at times more convenient or more efficient for the VA to assign
specific programs or studies to responsible private contracting agencies
or universities. Innovation and development in this field do not occur in an
orderly, well-spaced progression. Rather, there are lean years and fat years
in which many more devices and techniques appear than can be studied or
evaluated in a reasonable time. In certain instances, other agencies have
highly specialized skills which are more easily obtainable under contract
than by attempting to develop them within the Bioengineering Laboratory.
For these reasons, study areas involving extensive engineering services, for
example, are investigated by contractors who, operating in some instances
under the general supervision of the Biocengineering Laboratory, are given
access to laboratory space and facilities.

An example of this arrangement is the current study by New York
University to evaluate the mechanical and functional utility of the Henschke-
Mauch Model A Swing and Stance Phase Control Unit. The mechanical
analysis of the hydraulic unit is conducted by NYU engineers in the Bio-
engineering Laboratory. The biomechanical analysis of performance is also
conducted in the Bioengineering Laboratory using the facilities and the
equipment described above and with the assistance of Bioengineering Lab-
oratory personnel.

3. ServicE To OTHER GOVERNMENTAL AGENCIES

Other departments of the government, notably the Vocational Rehabili-
tation Administration (VRA), support extensive research programs through
a system of grants awarded to universities and other agencies. The recipients
of such awards frequently require facilities and special services which al-
ready exist in the Bioengineering Laboratory. In order to improve economy
and prevent needless duplication, the Bioengineering Laboratory cooperates
in these projects. Several VRA projects, awarded to NYU, are currently
being carried out with this assistance.

One example of such aid is a study dealing with the analysis of several
bracing parameters. Dr. F. Rae Finley, Associate Research Scientist at NYU
is evaluating the effect of ankle joint placement on the stability and gait
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patterns of leg brace wearers. In addition, an attempt is being made to
evaluate currently used leg-thigh brace weight bearing designs.

Ancther example is the study of Body Parameters conducted by Mr.
M. Bluestein, Associate Research Scientist at NYU. Three methods are be-
ing used in this study to measure the volumes of limb segments. In the first,
castings of body parts are made in alignment and their volumes are deter-
mined by water immersion. Volumes are also determined by photogram-
metry, a technique in which colored tapes are projected onto a lateral view
of the casting and the areas enclosed by each grid line on the frontal sur-
face are measured. These values are converted to volumes by Wilds con-
tour Method. (“Surveying and Mapping,” Vol. 12, April-June 1954). The
third method employs a modification of Sheldon’s somatotyping technique
in which photos of subjects are obtained in three views and the body seg-
ments are measured. Mass moments of inertia are being determined by
means of a torsion table which vibrates with a subject lying upon it, the
period of vibration being proportional to the mass moment of inertia.

In certain special instances technical assistance is given another gov-
ernment agency for a project only peripherally related to prosthetics and
orthotics. In this connection, APRL has been instrumental in developing
and evalualing a protective footgear (termed SABOT) designed to reduce
the incidence of limb loss due to mine explosions among military person-
nel. The facilities of the Bioengineering Laboratory are being employed
to evaluate the effects of wearing the device (which features an “ankle
joint” mechanism) on gait patterns, stability and endurance.

In a similar category was a recently completed study of an experimental
exoskeletal leg harness called a Pedipulator. It was designed hy the Human
Factors Section of an Army research contractor as a protolype of a servo-
locomotion apparatus for possible military and space applications. An
investigation was conducted in the Bioengineering Laboratory to determine
the effects of the device on the normal motion and force pattern of ambu-
lation and the energy requirements for the aperator.

Several other governmental agencies, in particular National Aeronautics

Figure 17. Sabot: Energy cost studies on  Figure 18. Pedipulator: Kinematic analysis of
injury reducing device for military use. gait pattern using exoskeletal leg harness.
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and Space Administration and U.S. Army Quartermaster Corps, maintain sub-
stantial programs of research and development. As a significant portion of these
programs deal with the evaluation of human performance under varying
conditions of environment, physical stress, implement use and clothing,
the VA’s Bioengineering Laboratory facilities may be of important service.
4. StupENT WoORK/STUDY PROJECT

Currently in operation is a program in which students from several
universities work in the Bioengineering Laboratory. This group includes
graduate students who are matriculated in a doctoral program in which
bioengineering techniques are employed. On the recommendations of their
faculty advisor, they are assigned to work in the Bioengineering Laboratory
on an independent study program. They gain experience by participation
in data collection and reduction activities and develop the technical skills
needed in their own work.

At the present time, iwo graduate students are participating in a joint
VA/NYU Study on tibial torsion. They are obtaining data on a large
sample of normal subjects to determine the ranges of normal tibial torsion
and other anthropometric data relating to the ankle and shank.

During the academic year, undergraduate students also participate
in the work of the Bioengineering Laboratory. Each semester several (4 to
8) undergraduate students, recommended by their professors, spend from
four to ten hours per week in the laboratory, in fulfillment of a course
project requiring familiarity with bioengineering methods. They learn the
fundamentals of biomechanics and gain experience in laboratory methods.
In the process, they perform a useful service by assisting in the preliminary
steps of data handling.

The students working in the Bioengineering Laboratory during the
academic year are not salaried. However, in the summer vacation period,
up to six students are hired as part-time employees, These students. pri-
marily in engineering or the medical sciences, are carefully selected on the
basis of their professors’ recommendations, interviews and an interest in
human {factors work. They become temporary employees for periods of
up to 90 days at hourly rates commensurate with their background. They
are directly assigned to ongoing projects under the immediate supervision
of professional personnel.

The advantages of this program to both graduate and undergraduate
students are obvious; they receive access to facilities, equipment, subjects
and professional consultation in return for services as members of a research
team in the Bioengineering Laboratory. On the other hand, they provide

useful service to the Laboratory and represent a potential source of “new
blood” for the field.

In the preceding sections, we have discussed the rationale underlying
the organization of the Bioengineering Laboratory and we have described
the equipment and facilities it contains, the people who operate the lahora-
tory and some of the current work. In the process, we may have come a
little closer than we did at the beginning of this article to a definition of
hioengineering in prosthetics and orthotics, a task we avoided then as now
because its full compass cannot be foreseen. We can see, however, that it is
intimately involved in the restoration or improvement of volitional mobility,
a fundamental process of human life. No less a task is undertaken than that
of designing mechanisms to augment or substitute for human muscles and
joints. While our immediate preoccupation is man, his mobility and the
mechanisins to enhance it, service to the medical profession and above all
to the disabled is our purpose.
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Improvement and Innovation: Development

Everyone has at one time or another contemplated and perhaps ex-
perienced the joy of free thinking unshackled by scientific law. If our in-
definite fancies and dreams of progress were to materialize, prosthetics and
orthotics methods and devices would be advanced far beyond now practical
limits.

Unfortunately, developments of new devices and techniques do not
spring spontaneously from a fertile imagination alone. New methods and
devices must certainly be based on new concepts exposed as a result of
extensive fundamental research or on problems revealed by study of all
available literature and practices, particularly clinical experiences. Before a
new item may be developed, there is a need to determine design criteria
on the basis of a clear and accurate definition of the new concept or the
problem.

Although improvement in prosthetics and orthotics is intended primarily
for the patient, many advantages may accrue to the manufacturer of com-
ponents and the fabricator of appliances. The goals of development groups
include improved function and comfort for the disabled, as well as con-
venience in terms of simplicity and durability of devices. Also, the de-
veloper tries to aid the manufacturer and fitter not only by providing new
products but by making their jobs perhaps a little easier and more profitable.

All new items are generally tested by various means during transition in
development, with each item presenting differing requirements for the develop-
ment programs depending on the problems which it confronts or the new con-
cept it manifests. Basically, there are two groups of items: the first group rep-
resenting fechnigues including methods, systems, and materials; the second
group covers the devices. To further define the often subtle variances which
exist within these two groups, the following classification is offered:

GrouPr I—DEVELOPMENT OF TECHNIQUES

All efforts are directed toward the ultimate improvement of prostheses
and orthotic devices through a continuous investigation of materials, seek-
ing those which meet, as the main criterion, the physical requirements of
an appliance. In addition, development is required to integrate such re-
quirements with adaptability, in a simple workable technique, to advanced
concepts of fitting, alignment, and function. Technique development, most
of which is materials-oriented, may be given the following sub-classification:

A. The development of techniques reflecting new fitting concepts and

better fabrication methods but with existing materials.

B. The development of applications of new or different materials and

methods.

C. The development of new appliance designs based primarily on the
proper application of existing materials and methods.
D. Refinements in applications of existing materials and techniques.

GroupP 1[—DEVELOPMENT oF DEVICES

As we continue to encourage the development of new components to
provide better functional mechanisms and controls for prostheses and or-
thotic appliances, we need not limit the functions to the precise sites in
which normal functions occur in the anatomical members. Our only
restrictions in providing function are those limitations imposed by the
physical shape, size and weight of the appliance.
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Device development may be given the following sub-classification:

A. The development of devices (prosthetic or orthotic components)
providing a new function in an appliance.

B. The development of devices used as instruments or tools in the prep-
aration or fabrication of an appliance but primarily based on exist-
ing principles.

C. The development of devices necessary for a new technique, method,
or concept.

EXAMPLES OF TECHNIQUE AND
DEVICE DEVELOPMENTS

TECHNIQUE DEVELOPMENTS

A. The development of techniques reflecting new fitting concepts and better
fabrication methods but with existing materials.

ExampLE: Below-knee weight-bearing brace with PTB type socket
(Fig. 1).

Typically, the leg-thigh (or “long-leg”) brace has been used for all
cases involving the unweighting of the lower extremity. Although such
bracing appears to be excessive in certain cases, research has not fully
defined the problems which such over-bracing may present. As a step in
seeking such information, the below-knee weight-bearing brace using the
technique of PTB socket fitting was designed to obviate unweighting the
entire extremily for bracing below-knee involvements.

The ischial weight-bearing brace is needlessly heavy, cumbersome. and
certainly uncomfortable. Seemingly undue restrictions are imposed upon the
normal function of the knee, thigh, and hip muscles when bracing only
for an arthritic ankle or foot or malunion of the tibia. fibula or portions of
the foot. While improved gait, mobility, and conservation of energy appear
evidenced with the use of the below-knee tvpe weight-bearing brace, studies

Figure 1. Below-knee weight-bearing brace Figure 2. Below-knee weight-bearing brace
showing PTB type socket. with adjustable socket secured by '‘Velero™.
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are continuing, to provide more objective information regarding the pos-
sible effects of active muscular knee control upon malunions and nonunion
of the tibia when braced in the manner described below.

The below-knee weight-bearing brace consists of three hasic component
groups: the socket, brace bars, and shoe. The socket is the typical plastie-
laminate PTB design, hinged in the posterolateral aspect to provide en-
trance of the limb (Fig. 2). The methods of casting the leg and subse-
quent mold modifications are uplcal of those used in the PTB below-knee
fabrication techniques. The socket is sectioned in the posterolateral aspect
and joined with a hinge.

The socket hinge assembly is constructed from a metal frame tailored
to size and containing a hinge and two brackets (to receive the brace bar
uprights). The frame is sandwiched in the lamination lay-up and held in
position by a string during lamination. The plastic lamination incorporates
the frame (with hinge) into the socket body. The most recent below-knee
sockets for this type of brace are fabricated without the sponge and leather
liner shown in the illustration.

The weight-bearing cast about the knee and upper shank is achieved
by use of the casting stand illustrated later in this article: the method of
casting used is similar to the technique for casting the below-knee stump.
During casting, the patient wears a shoe modified to accommodate the brace
stirrup. Alignment of the brace uprights is established on the patient as he
stands in the casting stand. Careful reference marks made upon the cast
are used to locate the final brace bar positions. Adjustment holes in the
upper portion of the brace bar uprights also aid in making more precise
dynamic adjustments,

The shoe is modified externally to incorporate a metatarsal rocker
bar and a compressible SACH type heel insert. Since limited motion in the
brace ankle joint is essential to achieve best unweighting characteristics,
these modifications are used to prov ide “roll-over” function in the shoe,
allowing full limitation on ankle joint motion.

The trophic changes which would
normally develop in the thigh with
the use of the weight-bearing leg-
thigh brace and knee lock should be
eliminated by use of the below-knee
PTR brace.

B. The development of applications
of new or different materials and
methods.

ExamrrLe: The dip method for
plastic finishing of prostheses, a tech-
nique using an ethyl cellulose plastic
which permits the dipping of com-
ponents to achieve a reinforced plas-
tic finish (Fig. 3).

The value of this technique will be
appreciated most when there is a large
production volume. With fabrication
techniques using pre-fabricated com-
ponents, shop time and cost in mak-

il

d : 5 Figure 3. Above-knee socket dipped in ethyl
ing a prosthesis up to the point cefiulose,
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of lamination are considerably reduced. However, the typical plastic-lami-
nate finishing process required to reinforce a prosthesis and provide an
acceptable cosmetic appearance still requires the time and skill of an artisan.

Experiments have been conducted using an ethyl cellulose material
into which the prosthetic components are dipped and left to drip-dry pro-
viding either a clear or pigmented coating of approximately 50 to 60 mils
thickness. The technique requires the use of metal or plastic containers
(cans) large enough to accommodate an increase in contained volume
caused by the introduction of a component which has to be completely sub-
merged in the liquid. A drying rack is needed to hold components between
dips.

. A total of approximately five (5) dips is necessary to provide adequate
strength and a smooth finish in the present experimental method. The first
dip is a “tie-coat” sealer, for wood sockets only. The second dip is into the
ethyl cellulose, clear or pigmented. The third dip is made over one stockinet
(Helanca nylon) stretched over the component for reinforcement. Two more
dips are added to finish the process. If a clear dip is used, the last dip
should he into a pigmented lacquer.

The only problem in this process is the drying time required between
dips. One (1) to two (2) hours time is recommended between dips. How-
ever, if a large number of components needed finishing routinely there
would be a minimum of delay time and the operations could be assigned to
a rather unskilled person to accrue production savings.

The dip operation must be accomplished slowly and methodically to
minimize introducing air bubbles into the dip tank. The recommended rate
of immersion and withdrawal of a component from the dip tank is 5 to
9 inches per minute. Perhaps a large plant could mechanize this process.

The following table indicates the approximate cost of materials for dip
finishing :

COST OF MATERIAL

Foot: Approx. 60 square inches ¥ 30 ®e 35
Shank: Approx. 200 square inches * 1.00 % 115
Socket: Approx. 340 square inches * 1.70 ** 1.95

$3.00 $3.45

* Cost computed at $.005 per square inch.

**15% waste included.

Results of recent tests suggest that the strengths of the dip-coated
(ethyl cellulose) specimens (1) without reinforcement and (2) “reinforced”
with one layer of Helanca stockinet are at least equal and perhaps greater
than those with the typical nylon stockinet laminate finishes using polyester
resin. Tests were made applying a vertical load through a tapered mandrel
inserted into the specimens, mating tapered wood “cylinders” finished in
various manners. A most significant reduction of weight in the test specimens
was also noted, as shown in the table on page 271.

C. The development of new appliance designs based primarily on the proper
application of existing materials and methods,

ExampLE: The medial-opening Syme prosthesis.

Syme’s amputation allegedly prepares the patient for ambulation with
a stump which can carry, through the stump end. full body-weight at all
times. Although the properly performed Syme’s operation enables the
patient to tolerate weight-bearing upon the end of his stump for short periods
of time, most Syme prostheses wearers examined in our Center admitted
that they were unable to use their prostheses for long periods of time unless
the stump was always securely stabilized in the socket. Our early assump-
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TABLE 1

WEIGHT CHANGES AND STRENGTHS PROVIDED BY VARIOUS FINISHES ON WOOD CYLINDRICAL SPECIMENS

Average Weight Average Weight Increase
Specimen Type of Finish of Specimen of Specimen in Vertical
Number Before After Weight Breaking
Finishing (ozs.) Finishing (ozs.) % Load (lbs.)
1, 2, 3 Ethyl Cellulose 4.73 5.86 23.8 3650
dip w/o
Helanca Stockinet
4, 5, 6 Ethyl Cellulose 4.74 6.04 27.4 3889
dip w/1 layer
Helanca Stockinet
7, 8 9 Ethyl Cellulose 4.74 6.38 34.6 3500
dip w/2 layers
Helanca Stockinet
10, 11, 12 Ethyl Cellulose 4.73 6.87 45.2 3199
dip w/3 layers
Helanca Stockinet
13, 14, 15 Polyester Laminate
w/2 layers
Nylon Stockinet 4.27 6.13 39.3 3189
16, 17 Ethyl Cellulose 4,72 6.87 45.5 2489
w/2 layers

Nylon Stockinet




tion that better suspension was needed was probably erroneous since above-
knee strap suspension did not seem to help. It seemed that the lacer of the
older type socket provided a much needed additional weight-bearing, how-
ever inadequate otherwise.

It was increasingly apparent that most Syme’s amputalion stumps
responded most successfully to use of an artificial leg when all available
areas of weight-bearing and support were provided. However, interference
with the normal function of the knee must not be permitted. In order to
design a Syme prosthesis which would provide maximum body weight
support, it was necessary to employ below-knee weight-bearing concepts.
Such a socket design enables the amputee to adjust the weight load dis-
tribution between the typical below-knee weight-bearing areas proximally
and end-bearing by controlling the thickness of “pads™ in the hottom of the
socket. The proximal portion of the Syme cast (about the knee) may be
formed by using the below-knee casting equipment described later in this
article.

The proximal portion of this prosthesis is contoured and fitted like a
below-knee socket thus providing proximal as well as distal weight-bearing.
An obleng opening is cut into the medial side of the socket shank to allow
entrance of the bulbous Syme stump end into the socket. The rounded
bottom of the Syme socket is recessed into the top of a special type of
SACH foot having a heavy keel with a narrow heel wedge. The socket and
foot are united by a heavy steel bolt which passes through the keel and
engages a concave washer set into the bhottom of the socket flush with its
inner surface.

By use of this design (Fig. 4), the completely intact anterior and pos-

terior socket walls will provide a greater resistance to the high parasagittal
stresses created during walking, thus increasing the structural strength of

Figure 4. Medial-opening Syme prosthesis showing method of attaching “windew" cover.
Normally *“'Velcro” straps will be used to secure the cover.
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the Syme prosthesis. There is no need for adding special reinforcements
such as Fiberglas; only nylon stockinet and Dacron felt are used in the
lamination.

D. Refinements in applications of existing materials and techniques.

ExaMPLE: A vacuum technique for porous lamination using long ac-
cepted laminalion procedures and resins except that Helanca stretch nylon
stockinet is used.

The nonpermeable plastic laminate sockets now generally used cer-
tainly have limitations in terms of providing a proper environment for the
body. In a way, wood and leather sockets are superior in that moisture
from perspiration might readily be transmitted or absorbed. But all realize
the hygenic problems and the poor durability resulting from the use of
either wood or leather; thus, The Army Prosthetics Research Laboratory
devoted a considerable effort to the development of porous laminates, to
provide diffusion of water vapor and improved comfort. That Laboratory
reported: “Within the limits of strength requirements, maximum porosity
should be the goal.”

Based on the previous work of the Army Prosthetics Research Labora-
tory on porous epoxy laminates and most recently on porous polyester lam-
inates using a Banlon knit stockinet, a somewhat different technique was de-
veloped by the VAPC for the construction of porous sockets. Both upper
extremity sockets and below-knee sockets have been fabricated using a
technique not too far different from present laminating procedure and using
materials quite familiar to the limb industry.

The interior and exterior surfaces of the socket laminations are made
smooth by using tubular Helanca nylon stockinet, of size large enough to
cover the mold without stretching to minimize the “ribbing” effect caused by
opening the stockinet weave. Approximately thirteen additional Helanca
stockinet layers are used to form the hulk of the socket. But with these
stockinet layers, between the inner and outer socket surfaces, a reduction
in porosity will result because of the ; o :
large number. These layers therefore
must be stretched over the mold suf-
ficiently to open the stockinet weave
spaces. This is achieved by selecting
a stockinet size requiring a stretch
of twice its diameter to cover the
mold.

Since, within the limits of strength
requirements, maximum porosity is
desired, a vacuum system is used to
remove all excess resin from the in-
terspaces of the stockinet weave leav-
ing only the stockinet fibers saturated
(Fig. 5). In this process, the vacuum
also pulls air through the resin.

The mold is first covered with a
PVA sleeve. The air space between
the PVA and the mold is evacuated

to provide an intimate mold separa-

tor. The first tubular Helanca nylon
stockinet is pulled over the mold. The
next thirteen layers of tubular Helan-
ca stockinet are then stretched over
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Figure 5. Photomicrograph of Helanca nylon

stockinet showing the effects of vacuum

lamination over stretched stockinet. MNote:

Absence of resin in interspaces but the satu-
ration of the stockinet fibers.
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the mold. The final layer of tubular Helanca stockinet should be large
enough to be pulled on without stretching. A PVA sleeve is pulled over the
lay-up to form the resin container. But the top of the sleeve is left open.

The resin is introduced to salurate the stockinet fully. After the
stockinet is saturated, the inner PVA sleeve is perforated. The hole punched
in the inmer PVA sleeve now allows the vacuum, still applied to the inside
of the inner PVA sleeve, to be also applied between sleeves or directly to the
resin and will cause an air flow through the resin, producing porosity.

Although difficulties still exist in achieving uniform porosity in undercut
socket surfaces, deviations from the present method are being investigated
to overcome this problem.

DEVICE DEVELOPMENTS

A. The development of devices (prosthetic and orthotic components} pro-
viding a new function in an appliance.

Exampri: The lower-extremity prosthesis torque absorber, a device
designed to provide a controlled axial rotation in above-knee and below-
knee prostheses.

Axial rotation of the leg segments is indeed an essential part of the
dynamics of walking. Studies on amputees reveal a less than desirable
gait ancd show an increase in shear stresses between the stump and socket
if some axial rotation is not permitted.

A great portion of axial rotation normally takes place during the non-
weight bearing phases of gait; a rather complex powered device would
probably be required to duplicate this function. As a simplification and as
a contribution at least to control of rotation during the stance phase, a unit
which functions only against the torques occurring during weight-bearing
was designed. The present experimental device is a simple two-piece design
providing a controlled resistance to rotation. It can be used in either an
above-knee or below-knee prosthesis.

The “rotator” (Fig. 6), a wafer type design, is 11/16" thick by
234" in diameter; thus, it can fit into nearly any adult prosthesis heneath
the socket. The weight of the unit is
approximately six (6) oz.

It consists of two aluminum plates
joined by four set screws which hold
a standard bearing, the main rotation
element. The top plate carries a vane
which rotates against four (4) gum
rubber bumpers set into the bottom
plate (Fig. 7). The material used as

Figure 7. Internal view of torque ahsorber

i ' showing the elastomer inserts in the top

Figure &, Torque absorber for above- and  section and the vane atlachment in the
helow-knee prostheses, bottom section.
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well as the size and shape of the
bumpers control the amount of re-
sistance to rotation. The resistance of
the present unit is 40 inch lbs./15°
deflection each side of center.

It is intended that the rotator ele-
ment will be sandwiched between two
pieces of wood when produced com-
mercially (Fig. 8). Each inner sur-
face of the wood plates is attached to
the aluminum “rotator” by epoxy
resin and machine screws. The top
and bottom surfaces of the wood ;
“sandwich” in turn, can be glued to o o nea s R
the standard wood. prosthetic shark §us, 8 Th toriue cbuoter sanduichd
providing a uniform base material for  antachment to the prosthesis and for external
easy shaping and finishing. Current shaping.
evaluation studies are concentrating on the following:

(1) The different resistance characteristics, if any, required in the
above-knee and the below-knee prosthesis.

(2) The eflect on the gait of an above-knee wearer of above-knee and
below-knee locations for the “rotator.”

(3) The different resistances that may be required in control of internal
and external rotatory motions.

B. The development of devices used as instruments and tools in the prepa-
ration or fabrication of an appliance.

ExampLE: The alignment coupling, a device designed to facilitate the
proper dynamic alignment between the various components of a lower ex-
tremity prosthesis (above-knee socket to thigh or knee and below-knee
socket to shank or foot).

During the last few years prosthetic knee units containing varied and
more highly refined functions have been developed for routine amputee use.
The standard alignment device used (the adjustable leg) is a single axis
mechanical friction device of pylon construction. Transfer of alignments
obtained upon such devices will probably be inadequate when a knee-shank
unit having entirely different functional characteristics is substituted. Ideally,
the proper alignment of a prosthesis can best be achieved with the various
permanent componenis adjusted under dynamic conditions, thus incorporat-
ing in the determination of aliznment the integrated influence of the functions
offered by all the components used.

Similarly, it must be understood that an existing alignment cannot be
imposed upon a new sockel in instances where the remaining components
of a long-worn prosthesis will not be changed. The new socket fitting will
influence the nature of the stump weight-bearing and control; the influences
change with each new socket fitting as do the forces acting about the stump.
For instance, maintaining a pre-set alignment of a prosthesis upon which a
suction socket replaces a “plug-fit” will certainly cause problems. Such prob-
lems and alignment difficulties encountered during the early fittings of fluid-
controlled knee mechanisms stimulated the development of the coupling.

The VAPC alignment coupling (Fig. 9) can be used to determine the
best alignment of above-knee or below-knee prostheses using any prescribed
combination of components (Fig. 10). The coupling has the rotary, angular
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Figure 9. Alignment coupling,

Figure 10. Alignment coupling in above- and
below-knee prostheses.

and linear adjustments of both the above-knee and below-knee adjustable

legs.

5 The coupling measures 334" in diameter, is 114" thick (measured
along the vertical centerline) and weighs slightly under 1 1h. It consists of
two aluminum plates (top and bottom) joined centrally by a 114" long
stainless steel loggle-type column, having a circular slide on each end. The
two plates contain countersunk holes to provide screw or bolt attachment
to wood or metal prosthetic components above and below the coupling.

Each plate has a channel of rectangular cross-section (to contain the
slides) for horizontal linear adjustments; the two channels are oriented at
right angles to one another permitting full horizontal plane adjustment of
one plate with respect to the other.

A third and intermediate aluminum plate rests upon the bottom plate
and contzins four threaded bushings fitted with four mushroom-shaped
cap screws with knurled rims. The simultaneous adjustment of any two op-
posing screws (or screw-pairs) allows control of the angular relationship
of the top plate with respect to the bottom (tilt). These adjustment screws,
when firmly tightened, also serve to prevent any relative motion of all
three plates. With the cap screws loose, rotation of the top plate with respect
to the bottom one can be made.

The alignment coupling is designed as a simple device for economical
production. Except for the central toggle, it was originally made of 7075
aluminum, but in production. aluminum-magnesium alloy castings have
been employed. All components are of relatively simple design.

The unit provides combinations of the following adjustments in the
ranges listed (the adjustment calibrations are primarily used to provide
reference for readjustments):

Tilt, 10° in any direction between upper and lower plates.

Linear, Anterior-Posterior Positioning, 114" both directions from center.

Linear. Medial-Lateral Positioning, 114" hoth directions from center.

Rotaticn, 10° both directions from center.

The coupling is used in the thigh section of above-knee prostheses. In
the below-knee, as well as in the above-knee, the coupling should he in-
serted into the set-up as close as possible to the end of the stump. Placing
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the coupling near the hottom of the socket will reduce the projected effects
of angular adjustments which ordinarily necessitate linear (A-P and M-L)
readjustments as compensation.

Alignment duplication is achieved by use of the alignment duplication
jig or the transfer compass. The procedure of transfer using the alignment
duplication jig requires one saw cut above and parallel to the coupling base.
The location of the cut can be made to coincide with the thickness of a
pre-cut wood block. The procedure of transfer using the transfer compass
also involves a saw-cut 2 inches above and parallel to the coupling base to
match a pre-cut wood block made two inches thick. Use of the transfer
compass enables the prosthetist to locate the level and orientation of the saw
cut which can be made on a band saw.

In addition to the functions previously mentioned, the coupling may
be used in temporary prostheses to provide a continuing means of ad-
justment during the prosthetics training of a patient. It has also been found
valuable in research to determine the mutual effects that the functional
characteristics of various combinations of prosthetic components and align-
ment have on each other.

C. The development of devices necessary for a new technique, method, or
concept.

ExamrLE: VAPC Casting Stand (Figure 11), a device using three sepa-
rate and adjustable components to form the cast of a thigh stump under
weight-bearing or with two other adjustable components, to form the cast of
a below-knee stump under weight-bearing.

Use of the quadrilateral above-knee suction socket has certainly con-
tributed to the reduction of problems in fitting the above-knee stump. Al-
though problems in body-weight support and prosthesis control were appre-
ciably diminished by the rationale underlying quadrilateral socket shape, the
high contrast in the forces acting about the thigh stump (1) in the upper
areas (positive forces at ischial level) and (2) in the distal areas (negative
forces at stump end) still created a serious problem in further restricting an
already disturbed cireulalory mechanism. To overcome this difficulty par-
ticularly. a new sockel-fitting concept (total contact) has been introduced.
Now the entire stump is made to have contact with the socket wall but still
with control of the distribution of weight and other forces acting on the
various stump tissues according to the individual capability of the tissues.
Of great significance is the control of the force magnitudes as functions of
levels within the socket but particularly the forces created about the stump
end. Since suddenly changing force distributions can be as detrimental, if
not more so, than an overall high force distribution, techniques such as the
“tension analysis” system of UCLA have proven very advantageous for con-
trolling the gradient of forces within the socket. The success of this technique
indicates that primary socket fitting should be based on circumferential
measurements along the length of the stump.

Casting the Above-Knee Stump

A pressure gradient must he planned into the socket beginning with a
very low pressure (contact) at the bottom and increasing gradually to the
forces required to provide the main control and weight-bearing at the top.
To make a socket that will provide a stabilization of the stump under condi-
tions of high force concentrations, it is first necessary to plan the socket shape
so as to accommodate the stump changes which occur during periods of high
force {in the stance or weight-bearing phase). Full control of the fit is prob-
ably most nearly achieved with a socket fabricated over a stump replica
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formed from a weight-bearing cast. Unlortunately, we must deliberately
deform the upper thigh stump to place a nearly vertical component of support
under the ischium and gluteofemoral areas.

In addition, when using a weight-bearing method of casting in which
the entire stump is wrapped, the overall forces are distributed about the
entire periphery of the stump minimizing distortion of tissue. Although the
tissue mass of the thigh stump appears to accommodate distortion in any
direction, each muscle compartment is confined within the fascial bulkheads
formed by the connecling lissues, aponneuroses and fascia, ete., restricting the
deformation to the limits imposed by these structures. Often during surgery,
however, the muscle packs at the site of amputation are severed and may
retract somewhat. Slight stump elongation which occurs during casting takes
place within these muscle groups thus helping to reslore them to a safe
anatomical attitude.

Hence, a device (Figure 11} was designed to form the cast of a thigh
stump under conditions of weight-bearing. The device consists of (1) a stand
assembly, (2) cross member assembly, (3) posterior socket form, {4) an-
terior socket form and (5) lateral socket form (Figure 12}.

The stand assembly includes a vertical upright, a base plate, and a verti-
cal traversing head. The cross member provides adjustable attachments for
the socket form brackets and for positioning the laleral form. This assembly
is attached to the stand assembly and is pivoted around an axis at right
angles to the upright to provide flexion and extension adjustment of the
forms (as a unit).

The posterior socket form consists of the major weight support surface
and part of the vertical posterior wall with a section representing part of the
medial wall. The contour of the posterior form is based upon concepts of
socket shape developed from successful quadrilateral fittings and anthropo-
metric measurements, The medial section of the posterior socket form helps
to establich the medial-to-lateral width of the socket and the proper position
(medial-lateral) of the ischium upon the posterior socket support. The pos-

— Figure 12. Close-up of above-knee casting
Figure 11. Costing stand with above-knee forms showing conlours and apparatus for
forms, adjustments.
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terior socket form is adjustable with respect to the stump in a medial-lateral
plane. This medial-lateral adjustment is used to orient the adductor longus
tendon in its proper position relative to the anterior socket form.

The anterior socket form contains a proximal anteromedial flare and a
rectus femoris channel. The form is pivoted so that a reasonably even distri-
bution of the posteriorly directed forces will result within the guides provided
by this form’s shape. A locking mechanism is provided locking the pivot of
the anterior form once the proper attitude has been achieved. The resistive
characteristics of the stump tissues and the individual contours of the stump
tissues and the stump position in relation to the contours of the forms
determine the orientation of this form when it is pressed against the anterior
of the stump. The anterior section is also adjustable in position proximally
and distally, a control used depending upon the length of stump. Usually a
low position is used for long stumps and a higher one for short stumps.

The lateral socket form consists of a flat surface adjustable for varying
degrees of adduction or abduction. Adjustments are also provided for medial
or lateral positioning of this form as well as for a limited range of flexion-
extension. The normally flat surface of the form can be readily given rather
sharp curves to provide the contouring necessary for the best lateral support.

Before casting the stump, the patient must be carefully examined and all
pertinent prosthetic information recorded on an information form. This in-
formation will be used to define the most nearly exact contours and size of
the socket.

An estimate is obtained by a socket plan based on stump dimensions.
The following rules for the initial plan have proved successful:

a. 14 of the most proximal circumferential stump measurement is used

for the initial setting of the M-L socket dimension.

b. 14 of the most proximal circamferential stump measurement is used

for the initial setting of the A-P socket dimension.

Further refinement of the contour provided by the socket forms is
achieved by trial adjustments of the various segments of the stand about the
unwrapped stump. Once the correct settings are achieved the forms may be
lowered away from the stump.

The patient’s stump is then wrapped with elastic plaster-of-Paris bandage
and then after the positions of the forms have been adjusted to compensate
for the thickness of the wrap, the fixture is elevated about the stump restoring
the original position of weight-bearing.

The elastic plaster-of-Paris wrap provides the tension required to main-
tain the stump volume during the shaping process in the casting fixture. The
forms shape the cast to provide the socket contours which stabilize the stump
at a prescribed attitude under weight-bearing conditions.

Previous methods of mold modification have required a careful analysis
of stump musculature to classify its resiliency (soft, medium or firm). Based
upon these criteria a pre-determined amount of material was removed from
the mold to provide a desired tension within the socket. We have found that
stumps cannot be so simply classified but range in degrees of softness and
firmness. The varied reductions in stump volume caused by casting are pro-
portionate to the muscular resistance to compression and distortion. Hence,
the most dependable method for classification of stump musculature is hased
upon the amount of stump distortion (circumferential reduction) which
occurs during casting—as compared to the circumferential stump measure-
ments originally recorded.

In this present method, classification of stump resiliency for mold modi-
fication is no longer required. The casting pressures will cause the magnitude
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of volume change {circumferential reduction) to be greater on soft stumps
and less on firm stumps. Hence, further reductions to the cast circumferential
measureraents are made using the reduction factors indicated on the work

sheet shown as Figure 13.

WORK SHEET FOR
TOTAL-CONTACT SUCTION SOCKET

ORIGINAL STUMP MOLD MODIFIED MOLD
MEASUREMENTS | MEASUREMENTS IRE{‘)%‘S %%% MEASUREMENTS
CIRCUMFERENCE
MEASUREMENT

0 (ISCHIAL LEVEL) Less1 21056
CIRCUMFERENCE

I MEASUREMENT
2" BELOW Less&glljviﬂ'
CIRCUMFERENCE MEASREMENT
4" BELOW Less 1810 14"
CIRCUMFERENCE ommcwnAEé'N MP
& BELOW MEASUREMrgNT
CIRCUMFERENCE ORI o
8" BELOW MEASUREApf\hENT
CIRCUMFERENCE JRIGINAL STUMP)
10" BELOW MEASUREMENT

CALCULATE A-P & M-L from CIRCUMFEREN CE at ISCHIAL LEVEL
A-P=15 of the CIRCUMFERENCE  M-L=13 of the CIRCUMFERENCE

CALCULATED RE-CALCULATED A-P BASED ON
ORIGINAL A-P -« MOLD CIRCUMFERENCE
CALCULATED RE-CALCULATED M-L BASED ON
ORIGINAL M-L -« MOLD CIRCUMFERENCE

Figure 13.

Although initial A-P and M-L dimensions have been established for
casting the stump, these dimensions were computed from the original stump
circumferential dimensions. Once the proximal mold dimensions have been
established, it is necessary to recompute the A-F and M-L dimensions based
upon the smaller mold measurements (the rew. compression-dependent
proximal circumference) resulting from the tension of the elastic plaster
wrap and the casting process itself. The work shect illustrates the mold modi-
fications required after casting to control the forces acting upon the entire
stump particularly the proximal-distal gradient ol these forces.

Casting the Below-Knee Stump

Fitting of the below-knee socket requires corsidered technical skill and
experience. The more successful prosthetist will uiderstand the weight-hear-
ing capabilities and the physiological functions of the anatomical knee strue-
ture. Although the major weight-hearing areas of ‘he below-knee stump have
been clearly defined and have heen recognized in practice for many years,
the development of standard, reliable fitting methods exploiting the full
weight-bearing capacity of these areas has not ve been achieved. Primary
are those problem areas over the various bony protinences which still create
fitting difficulties due to improper socket size and rontouring.

Carving of a well-fitted wood socket is extreme y difficult since the socket
must first be made large enough for stump entrance which is used to deter-
mine fitting contours. Any socket reliefs necessar:’ for intimate contouring
will reduce the effectiveness of the weight-bearing surfaces since such subse-
quent carving in the socket for purposes of “relief ’ results in an additional
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increase in socket volume. The result-
ing error is usually of sufficient mag-
nitude to permit the stump to drop
further into the socket, off the intend-
ed weight-bearing areas. Each time
the procedure is repeated the effec-
tiveness of the intended weight-bear-
ing areas is further reduced.

Stump casting methods which re-
quire cast modifications by removal
of material over weight-bearing areas
and build-up of material over hony
prominences similarly cause problems
in socket fitting. Modifications usu-
ally adversely affect the transverse
dimensions of the stump replica
which has been taken from a non-
weight-bearing cast by finger and
hand deformations. These methods
do not provide reliably the accuracy i ,
in_socket size and cfontourlng Heg= Figure 14. Casting stand with below-knee
essary for proper weight-bearing. casting forms.

Recently, a stump casting method was developed limiting body weight
support to the designated weight-tolerant areas of the below-knee stump as a
cast impression was made. Subsequently, below-knee casting forms were
made adaptable for use with the VAPC above-knee casting stand (Figure 14).

The casting forms consist of two sections:

(1) An anterior section internally shaped to provide stump contact
anteriorly in the known weight-tolerant areas.

(2) A posterior section designed to provide the necessary counter-forces
against the posterior of the stump.

During casting the pre-positioned forms (Figure 15) provide stump
support only in the intended weight-bearing areas. The non-weight-bearing
contours of the stump are formed by the elastic plaster-of-Paris wrap.

The proximal portion of the anterior socket form is contoured to pro-
vide patellar tendon support. The anteromedial and anterolateral oblique
walls are contoured to establish firm stump contact on both sides of the tibia.
In this manner, contact along the anterior crest of the tibia is prevented.
The form contour immediately below the patellar tendon protuberance creates
a concavity of sufficient size to prevent contact of all the bony anterior tibial
protuberances: the tibial tubercule. the anteromedial tibial condyle. the an-
terolateral tibial condyle, and the crest of the tibia.

The anterior below-knee socket form is mounted upon a plate having
attachment screws which mate in the slots of the form-holding bracket. These
slots provide medial and lateral position adjustments of the form. Angular
adjustments of the below-knee forms are provided by means of a pivot in the
center of the plate.

The proximal portion of the posterior form is contoured to provide the
upper posterior socket flare, to shape a relief for the _hamstring tendons. The
form is tapered distally to encompass the gastrocnemius bulge preventing the
formation of steps in the cast.

The posterior below-knee form contains two bolts for its attachment to
the form-holding bracket. The bracket is slotted providing a vertical sliding
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Figure 15, Close-up of below-knee forms showing contours and apparatus for adjustments.

adjustment. The bracket provides a pivot with a locking mechanism to secure
the posterior form in any position.

The below-knee casting procedure is similar to that used in above-knee
stump casting. The casting stand is adjusted to the proper height and the
angular orientations of the forms are established. Pre-fitting adjustments of
the various segments of the stand are hased on prosthetic information data.
During the trial fitting the patient stands with his stump held between the
casting forms (with the patella on the form’s tendon protuberance). The
posterior form is moved against the back of the stump to provide contact.
Using the small wheel adjustment on the bracket. the A-P distance is reduced
until the patient’s weight is partially supported. The proper distance hetween
the two forms is established when the patient no longer feels the tendency to
slip “through” the “socket” and is still able to pull his stump up between the
forms. The bracket positions are marked to serve as references for proper
repositioning when shaping the cast subsequently. Also an outline of the
sound foot is traced on a paper secured to the floor; this defines a reasonably
exact alignment reference for restoration of the patient’s original position.

The elastic plaster-of-Paris wrap then placed on the stump provides the
tension required to maintain the volume of the stump during the shaping
process in the casting fixture. The fixture forms shape the cast to provide
the socket contours which stabilize the stump in the prescribed attitude and
under weight-bearing conditions.

The stump replica resulting from a cast taken in this manner represents
the shape, size and contour of the below-knee stump under weight-bearing
conditions. The PTB hard socket with closed-end and the PTB conventional
socket may be fabricated over the cast normally without further madification.
NOTE: This model requires the addition of an extension to the mold for the
open-end socket, the socket with foam-end, below-knee weight-hearing brace
sockets, and Syme sockets.
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Improvement and Innovation:

Some Case Studies in Orthotics

Much has been published in this and other Journals on prosthetics
and artificial limb design and on cases using prostheses. Therefore, it was
thought desirable to use this opportunity to provide some experiences had
by the VA Prosthetics Center in orthotics, an area which deserves much
more attention generally.

The cases described here represent orthotic disabilities commonly refer-

red to the VA Prosthetics Center. All of the orthopedic shoe cases were

Figure

£s
:m
b
a -

1. Case #1: Incompletely united
fracture of distal third of tibia,

never seen in the Center; all assist-
ance and the appliances themselves
were provided on the basis of detail-
ed correspondence from VA field sta-
tions.

Some of the appliances used in
bracing represent new developments,
of devices and techniques not covered
in the previous article.

Case #1. This 46-vear-old baker
fractured his right tibia in the distal
third as a result of a fall in May
1962. After 17 weeks in a plaster cast,
he was discharged and returned to
work. Ten days afterward he fell and
fractured the tibia at the old fracture
site,

Figure 2. Case #1: Anferior view of brace
showing the patellar tendon bearing socket.
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Figure 3.
showing hinge for posterior opening.

Cu;e #1: Medial posterior view Figure 4. Case #1: Lateral view illustrating

Velcro closures.

He was referred to the VAPC in January 1963 for brace prescription.
X-rays taken at that time (Fig. 1) showed an old incompletely united
fracture of the distal third of the tibia with the fracture line still visible.
There was no impairment of the knee-joint.

Brace prescription was as follows: below-knee weight-bearing brace with
patellar-tendon-bearing type plastic socket (Fig. 2) with medial hinge
(Fig. 3) and Velcro closures (Fig. 4) ; stainless steel uprights and a stirrup
with ankle motion limited to 0° in dorsiflexion and about 10° in plantar
flexion; a Sach-type heel and a rocker bar to partially compensate for the

limitation of ankle motion.

Patient was fitted with an open-
end stump sock and after a short
amount of gait training did exceed-
ingly well. The cast was discarded
and he was discharged.

He was seen again on a 30-day fol-
low-up. He reported that he was back
at work, and the brace socket felt
comfortable. Examination of the leg
showed weight-bearing to be similar
to that of a patellar tendon-bearing
prosthesis. His gait was good, with
the restriction of ankle motion hard-
ly noticeable.

Case 3+2. This 43-year-old farm-
er’s case was submitted by the VA
Hospital, Wichita, Kansas.

The physician’s diagnosis was as
follows: patient suffered a compound,
comminuted fracture of the left lower
extremity from gunshot wounds.
Chronic osteomyelitis and deformity
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Figure 5. Case #2: Residual fracture C.C.
with osteomyelitis and marked shortening.
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Figure 6. Case #2: Ankylosis, subastragalar:  Figure 7. Case #2: High quarter custom
staples in situ. orthopedic shoes with inside cork extension
left shoe—attached to leg brace.

of the foot with a 314" shortening of the extremity resulted. (Figs. 5 and 6).

Prescription called for high quarter, custom orthopedic shoes with
left inside cork extension 315" at the heel, 254" at the ball and 114" at the
toe, with leg brace. (Figure 7). Results were gratifying and lasting inas-
much as the patient returned to his farming duties without interruption.

Case #3. This 38-year-old patient fractured his right patella and tibia
in a fall from a telephone pole during World War II. In 1949 he dev eloped
a popliteal cyst, and an arthrotomy for chrondromalacia was performed. In
1957, he injured his right knee. A debridement was performed which was
followed by aseptic arthritis of the knee. He was fited with an ischial-
bearing brace, and the knee became ankylosed. In 1960 he again injured his
knee and developed severe pain with a high fever. He had an incision and
drainage of an abscess and two decortations of the tibia with packing of the
wound.

In 1962 he was referred to the VAPC with a prescription for a weight-
bearing leg-thigh brace with a diagnosis of chronic osteomylitis of the rlght
leg. There was a deep wound just below the knee with a scar extending
about 10° down the leg (Fig. 8). There had not been any drainage for
almost a year with ambulation aided by cast and crutches. He was fitted with
a leg-thigh brace with a free motion stirrup at the ankle, stiff knee, plastic
quadrilateral socket with medial hinge and Velcro closures (Figs. 9, 10, 11).

During the cast-taking on the casting stand, it was found that the pa-
tient could not tolerate (omplete jachial bearing. And his dissatisfaction
with his old ischial ring made it necessary to include an extensive amount
of gluteal bearing into the socket. The major portion of his weight is now
being borne by the socket, and his gait is satisfactory despite the stiff knee.

There has been no flare-up of the osteomylitis nor any other complica-
tions.
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Figure B, Case #3: Chronic osteomyelitis,
post-operative.

Figure 9. Case #3: Weight-bearing leg-thigh
brace with free motion stirrup, stif knee and
plastic quadrilateral socket,

T |

Figure 10. Cuse #3: Posterior view of socket
showing gluteal as well as ischial bearing.

Figure 11, Case #3: Lateral view of socket
illustrating anterior opening as well as Velcro
closures.
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Case #4. This 36-year-old clerk’s case was submitted by the VA Cen-

ter, San Juan, Puerto Rico.

The physician’s diagnosis was: Patient suffered a gunshot wound
through the mid-portion of the right femur in Korea, 1951. After hospitali-
zation for several years, because of multiple severe complications (osteo-

Figure 12. Case #4: Marked shortening of
lower extremity and ankylosed knee.

Figure 13. Case #4: Old fracture, C.C., mid
portion of the right femur: residval osteo-

myelitis, large bone defect,
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myelitis, insertion and removal of en-
dothesis and a subsequent Kuencher
intramedullary nail), he was left with
a 5" shortening of the right extrem-
ity and an ankylosed knee. (Figs.

12 and 13).

The prescription called for 3/
Chukka, custom orthopedic shoes
with a right outside cork extension
of 434" heel, 314" ball, 114" toe,
with caliper attachment to leg-thigh
brace having a molded lacer. Results
have been satisfactory with subse-
quent issues of shoes and brace parts
of identical prescription. (Figs. 12,
13, 14).

Case #4:
orthopedic shoes with oulside cork extension,
attached to molded leather leg-thigh brace.

Figure 14. % Chukka custom
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Case #5. A surprisingly large number of patients have been referred
to the Orthotic Shop of the VAPC for bracing of ununited fractures of the
humerus. While most of these non-unions are the results of World War
I injuries, there were some cases of recent origin where surgery for one
reason or another did not seem feasible and bracing was prescribed. Since
muscle power is usually good in these cases, all that is required for good
function of the extremity is a firm support about the area of the non-union.
If the non-union is in the middle part of the humerus only a well-fitting
apper arm cuff is required, and the shoulder and elbow can be free from
bracing. I: the injury is close to the shoulder or elbow, bracing will have
to include the contiguous joint.

Figure 15 presents a patient with a good portion of the distal humerus
missing, and bracing consisted of part rigid, part flexible polyester arm
and forearm cuffs with a polycentric elbow joint on the lateral side. The

- extension of the forearm cuft cover-
ing the posterior part of the elbow
was requested by the patient, since
this area was quite sensitive and read-
ily subjected to injuries by knocking
against objects. Since the patient was
quite fleshy, a polycentric joint was
used to reduce bunching during el-
bow flexion (Figs. 16 and 17).

With this device the patient could
perform most tasks required in his
daily routine.

Figure 15. Case #5: Patient rotating forearm
demonshating non-union at elbow.

Figure 17. Case #5: Elbow in flexion show-
Figure 16. Cose #5: Extremity in extension ing polycentric brace joint and protective
with breace applied. elbow shield.
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Case #6. This 46-year-old relired veteran’s case was submitted by
the VA Regional Office, St. Petersburg, Florida.

The physician’s diagnosis was: Residuals of compound comminuted
fracture of left tibia and fibula with malunion and synostosis; residuals of
compound comminuted fracture of right tibia and fibula with malunion
and synostosis: residuals of a fracture of right os calcis; ankylosis, mid-
tarsal and subastragalar joints, right foot: residual osteomyelitis right heel
and right leg, lower third: residual osteomyelitis lower third, left leg;
pes planus, acquired, right foot, symptomatic with traumatic arthritis: resid-
ual osteomyelitis, left foot: varus deformity, left foot and ankle, with lateral
displacement of left ankle and inward rotation: 1" shortening of right ex-
tremity. (Fig. 18 and 19).

Prescription called for custom orthopedic shoes with modifications for
deformities and 14" sponge rubber insoles for cushioning plus inside cork
extension of 34" heel, 14" ball tapered to the toe on the right shoe. Satis-
factory results were reported.

Figure 18, Case #6: Old fracture, C.C. tibia

and fibula: malunion: old fracture, OS caleis:

ankylosis, subastragalar and mid-tarsal joints: c.c

residual osteo-myelitis, leg, lower third, and metallic fragments.
OS calcis: pes planus.

Figure 19. Case #6: Old healed fracture,
of distal tibia and fibula—multiple

Case #£7. The patient (Fig. 20 and 21). a 26-year-old Korean War
veteran, had a pneumonectomy performed in 1956 due to advanced pul-
monary tuberculosis. He was referred to the VAPC for a protective shield for
the heart, the pulsation of which was clearly visible underneath the skin.
The apparency of the heart pulsation and distorted thoracic shape were of
major concern to the patient.

The appliance (Fig. 22) was fabricated with a rigid center area, which
was not in contact with the body, and flexible in all other parts. The center
area had perforations for ventilation. A simple chest strap with Velero
fastener served as suspension. The patient wore this appliance continuously
for four (4) years; then, the chest strap was replaced and a spare appliance
was fabricated for alternate use. The patient, a former truck driver, was
retrained as a draftsman and is now gainfully employed.

As this case illustrates, the orthotist may be frequently called upon to
fit protective shields for vital organs of the body which have been exposed
due to major surgery. These shields have also a cosmetic function since
they help to restore as normal an appearance as possible.

Polyester laminates were found to be an excellent material in these
cases. A material which allows the orthotist to make an appliance with
some parts rigid and others flexible, all in one lamination, has advantages.
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Case =7: Anterior-lateral view,

-

Figure 22. Cese %7: Patient wearing pro-  Figure 23. Case ¥8: Arm in extension with
tective shield. plastic arm cuffs and lateral elbow joint.

Also the neat appearance and ease of cleaning make the resin laminates

superior to previously used materials such as metal. leather, celastic, etc.

Case 8. This 28-year-old dentist had polio while in service in 1961.
Recovery in the lower extremities was good, but there remained some loss
of muscle power in the upper extremities. Muscle tests showed the elbow
flexors and pronators on the right to be poor, while on the left, the finger
extensors, and abductors and adductors were poor. The patient could feed
himself and take care of his toilet needs by using the hand on the right and
reaching over with his left hand to flex the right elbow and shoulder.

The patient intended to continue his studies in oral pathology hoping
eventually to teach in this field, but he felt some device was needed to
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Figure 24, Case #8: Elbow locked in de-
sired working position (about 90°} with the
forearm in pronation.
improve the functions of his upper extremities, so he could work on a

microscope and at least examine patients.

It was decided to confine bracing to the right side and prescription was
as follows: porous plastic upper arm and forearm cuffs with raichet type
elbow lock and pronator assist. Conirol for the elbow joint was fastened
at the volar aspect of the wrist so that the ring finger could be used for
operation (Fig. 23, 24, 25). The patient’s initial reaction to the device was
favorable. The remaining muscle power in the shoulder enabled him to
swing the forearm into a maximum flexion of about 110° at which time the
ratchet would lock the elbow. His supinators were strong enough to bal-
ance out the spring on the pronator assist. This device simplified his eating
problems, and the patient was confident it would enable him to pursue his
studies as planned.

Figure 25. Case #8: Maximum elbow flexion
possible with the appliance.

Case #9. There has long been dissatisfaction by patient as well as
ortholists with the conventional brace designs for neuro-muscular disabilities
of the lower extremity. The conventional brace with the lock at the knee
forces the patient to walk stiff-legged with a circamducted or vaulting
gait and requires an excessive amount of energy for ambulation. This dis-
satisfaction with the conventional brace encouraged experimentation with
so-called functional leg-thigh braces, especially in Europe. Ideally these
braces would lock the knee during stance phase and allow knee flexion
during the swing phase. While success has been claimed with a number of
designs, it seems that only a few patients have been fitted. Certainly such
braces have not been adopted for general use, probably because of their
complex designs which made them heavy, bulky. and expensive. Other nega-
tive factors probably were the need for extensive gail training and the
frequency of readjustments and repairs.

In experiments with functional knee joints here, some early disappoint-
ments were encountered due to complexity of design. Attempts to provide
simple devices evolved into the design shown in Fig. 26 in which, instead of
a positive lock. the stick control idea of above-knee prosthetics is em-
ployed. A piece of tubing containing a spring telescopes on a section of
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Figure 26. Case #9: Close-up of functional Figure 27. Case #9: Lock has been disen-

knee joint in full extension, gaged for sitting. Plunger will automatically
return to *‘locked” position, when patient
rises.

Figure 28. Case #9: Joint in about 20° of
flexion. Length of slot in tubing determines
the amount of flexion allowed.

Figure 29. Case #9: Anterior view of brace
illustrating the single bar construction.

the lower bar. A plunger connected to the upper bar rests on this tubing
and as the knee is flexed the spring within this tubing is compressed. This
compressed energy in the spring acts as an aid or substitute for the quad-
riceps in extending the knee. The more the knee is flexed during swing,
the greater the force of the extension aid provided by the spring. The length
of the slot in the lower part of the tubing determines the maximum amount
of flexion allowed, and the slot end serves as a safety stop. The plunger
can be pivoted out of position permitting the patient to sit with a flexed
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Figure 30. Case #9: Paslerier view of brace. Figure 31, The second version of the func-

Note the fitling of the calf band supporting tion knee joint illustrating its simplicity.
the medial condyle of the libia.

knee (Fig. 27). The spring-loaded plunger will automatically return to the

“locked™ position as the patient rises.

The first patient fitted with this device is a 33-year-old accountant who
contracted polio in Korea in 1951. His recovery was good with the ex-
ception of the right lower extremity, which was then described as poor.
Although issued a conventional leg-thigh brace, he attempted to get along
without a brace. While he was able to walk for short distances, he frequently
fell due to knee buckling. One of these falls resulted in a fracture of the
patella; he then decided to wear his brace.

When seen by the VAPC clinic team in January 1963, he was wearing
the conventional double-bar leg-thigh brace with the ring lock at the knee,
a knee cap, and a spring-loaded equinus-control stirrup. Ile was interested
in reducing the amount of bracing and in improvement of his gait. The

results of muscle test taken at this time were:

Hip: Flexors—poor; Extensors—fair

Knee: Flexors—{fair to good; Extensors—trace

Ankle: Plantar flexors—good; Dorsiflexors—poor

Prescription by the clinic team was: functional knee lock with 20° of
maximum flexion initially, unilateral bhar, and spring-loaded equinus-control
stirrup. During fitting several spring rates were tried, and the design found
most suitable for this particalar patient had a resistance moment of ap-
proximately 154 in. lbs. at 20° of flexion (Fig. 28).

Initial reaction to the brace was quite favorable. The patient did very
well and after a short period of gait training; the amount of maximum
flexion was increased to about 30°. A follow-up visit found the patient very
pleased with the device. His gait was improved, and he stated he could
walk with less effort and for greater distances (Figs. 29 and 30),

An improved version of this type of knee lock has been designed. Tt
consists of a commercially available plunger type knee lock with tubular
steel uprights modified in the following way: the flexion stop in the lower
bar is replaced by a curved tubing, which houses a ball bearing, spring, and
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Figure 32. Posterior view (exploded) of Figure 33. Lateral view of brace with simpli-
joint showing plunger and clearance in upper  fied functional knee joint: lock is released te
bar for the tubing of the lower bar. allow patient to sit.

adjustment screw. When the plunger is in the “locked” position, it can
travel in a slot in the tubing against spring pressure allowing knee flexion.
The length of the slot determines the maximum amount of knee flexion
during walking (Fig. 31 and 32). The upper bar was modified to permit
clearance for the tubing when the “lock” is released for sitting (Fig. 33).
The advantages of this design over the first model are compactness and
spring load adjustability.

The reaction of a second user, who had a flail right lower extremity
due to polio and complained of back pains, was quite favorable at the time
of initial fitting. He was highly pleased with the ability to flex his knee
after having walked “stiff-legged” for about 18 years. The extension assist
appeared to be essential since he could not walk with the device once the
tension on the spring was released. It is hoped that after a period of gait
training ke will be able to manage the device fully. A reduction in the effort
necessary for walking may reduce the back pains most likely due to the
strain of the vaulting gait forced upon him by the conventional knee-lock.

Case #10. This 34-year-old clerk is a paraplegic (D-11) due to
injuries received in service in 1945. He had the usual training for ambu-
lation with braces and crutches, but soon after discharge discarded these
devices and used a wheelchair exclusively. In recent vears, repeated hospital-
ization was required for bladder and kidney problems. When seen by the
VAPC clinic team in January 1963, he expressed the desire to use braces
again with the hope of minimizing his bladder and kidney problems, He
felt, if the bulk of the braces could be reduced, he could sit comfortably
in his wheelchair wearing his braces the full day. And it would be possible
for him to stand up either at the desk in his office or at the kitchen counter
at home.

Muscle tests taken at this time rated both lower extremilies as zero
with a moderale amount of spasticity. Brace prescription called for single-
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bar leg-thigh braces of steel, ring locks at the knee, and equinus-stop
stirrups.

_ W'ith the aid of these braces, the palient noticed better balance (than
with his old braces), less effort in ambulating between parallel bars, and
greater comforl when sitting in the wheelchair (Fig. 34, 35, and 36).

A 30-day follow-up showed no undue wear on the braces, and the patient
was satisfied.

While the single-bar principle has been used occasionally in the past,
it has never been very popular until Russell V. Fuldner, M.D. and Mr.
Joseph Rosenberger (P. & O.) started using it on the “Newington Cerebral
Palsy Brace.” Encouraged by their success, VAPC started investigation of
single-bar bracing in other disabilities such as polio, paraplegia, hemiplegia,
and multiple sclerosis.

Figure 34. Case ¥10: Anterior view of pa-
tient standing with single bar braces. Note
the absence of knee caps.

Figure 35. Case #10: Posterior view illus-
trating the absence of medial bracing.

The advantages of single bar bracing accrue to both patient and or-
thotist. The elimination of the medial bar reduces the bulk of the brace and
makes it a much more comfortable device especially for a bilateral brace
wearer who might need to wear other apparatus such as the urinary ap-
pliance worn by the case illustrated here. The reduction in the weight of
the device is, of course, greatly appreciated by the patient, whose muscle
power is far below normal. From the orthotist’s point of view, precise
brace joint location in relation to the joint being braced can be accom-
plished much more readily with a single bar.

Accommodation of tibial torsion, to which the ankle joint location
studies being conducted by the University of California (San Francisco)
has called attention recently, can more readily be built into the single up-
right construction than into a double-bar brace. Varus and valgus correc-
tions at the ankle as well as “toe-out” can be adjusted rather easily on the
single bar even at the final fitting, while attempted changes of this nature
in the double bar brace will only result in stressing the joints and band rivets.

It has been quite frequently claimed that it is difficult to achieve
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stability and to prevent undue rotation of the extremity within this type of a
brace. But rotation of the extremity within the brace is not prevented by
the uprights alone. This function is mainly performed by the shoe, the calf
band and cuff, and the thigh bands and cuff in assembly with the uprights.
If the bands and cufis of a brace are fitted loosely, the brace uprights will
not provide any kind of stabilization no matter how strong or stiff.

Nevertheless, it is necessary, in a single bar brace, to design the up-
right and its joints with sufficient strength and stiffness to support the ex-
tremity and to absorb the loads transmitted by the bands and cufls,

On a patient with a flail lower extremity, it has heen found that by
supporting the following areas with bands and cufls, better stabilization ac-
crues with the single bar brace:

1. The lateral-posterior part of the thigh just below the greater tro-

chanter along the gluteal fold.

2. The medial-anterior portion of the thigh as close to the knee as

possible.

3. The medial flare of the tibia.

In addition, the foot must be supported by a properly fitted shoe.

The cuffs and bands have been used in the following way: one thigh
band fitted high just below the greater trochanter and along the gluteal fold
laterally and posteriorly, but then curving down rather sharply on the
medial side so that the lower edge of the band is about 4" above knee-
center in the anterior medial area. This design frees the medial upper por-
tion of the thigh {from bracing and is greatly appreciated by the patient,
especially the bilateral brace wearer. A medial “roll” will not develop from
this design sinee the thigh cufl is simply supportive and not weight-bearing.
The calf kand is located at mid-calf, but the medial portion is extended to
fit into tha medial flare of the tibia. This extension of the calf hand has
made it possible to eliminate the knee cap in this design, even for those
patients accustomed to knee caps for a great number of years.

] Figure 37. Anterior view of metal frame of
Figure 36. Case ¥10: Patient in wheelchair single bor brace. Note the shape of the

wearing braces. calf band for support of the medial tibial
condyle.
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Both bands are made to encircle about 2/3 of the extremity, leaving
only enough anterior opening for easy entry of the patient (Fig. 37). This is
a variation from the conventional half-bands.

For uprights and joints commercially available parts were at first used
even though it was recognized that they were not ideally suited for the
purpose. There were no suitable stirrups available, so these had to be
custom-made.

Experience, had with about 10 patients, suggests that the lower-ex-
tremity can be properly supported with this type of appliance. But most
brace parts commercially available today are not designed for use in single
bar braces; there have been prosthetic knee joints with ball bearings avail-
able for many years, but brace joints, with the exception of cerebral palsy
brace components, have not been produced with bearings. One manufac-
turer recently started producing a bhrace joint with thrust bearings in alumi-
num uprights. Such a joint will help because it appears that ball-bearing
joints will be needed at the hip, knee and ankle of a single bar brace.

The commonly used rectangular bar is probably not the best shape for
this design. The commercially available oval steel tubing upright, from
a structural point-of-view. is quite adequate and was used on a number of
patients. The great difficulty in changing the shape of the tubing after the
brace has been assembled has prevented it from being universally adopted
for double bar braces. This problem is greatly reduced in the single bar
brace since there is much less shaping required on a lateral bar than on the
medial bar for a lower extremity brace.

Fitting of patients with single bar braces will be continued, using
presently available parts. But tests of different shapes such as round, oval,
square, etc., and different types of metal, such as steel, aluminum, titanium,
will be performed.

Experiences with single bar bracing indicate that the design as de-
scribed above is adequate. The advantages for the patient and the orthotist
are significant. Presently available brace uprights and joints, while suitable
for some cases. especially in flail polios, need some redesign however for
hest application of the single bar brace to all cases with neuro-muscular
disabilities including spastics.

& T
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Specifications Development
And Compliance Testing

“Let us raise a standard to which the wise and honest
can repair. The event is in the hand of GOD.”

—GEORGE WASHINGTON

The Testing and Development Laboratory is organized and has the
facilities 1o perform a number of activities for the Veterans Administration.
The most important two are the development of specifications covering
VA approved products, and the compliance testing of these items. This
article will deal with these two functions. Some of the other activities
of the Section can be briefly summarized as follows:

a. Evaluations—It conducts physical evaluations on various devices,
inventions, new and modified products, new materials, etc., all submitted
by interested parties with the aim of improving the lot of the disabled.

b. Development—Either on its own initiative or in cooperation with
other sections of the Center, it develops and fabricates new devices, special
test equipment, cycling machines, special jigs for new prosthetic techniques,
experimental prostheses and braces, and other aids for the handicapped.

|

Figure 1. Physical test room. Left to right: Hydraulic test stand, Universal testing machine,
another hydraulic tester, Rockwell hardness tester.
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c. Hlustrations—The Tlustrations
Unit of the Section serves the VA
Prosthetics Center and the Prosthetics
and Sensory Aids Service by supply-
ing photographs and art illustrations
for various publications and projects.
such as technical reports, manuals, or
special published articles (of which
the illustrations appearing in this
journal are an example). Charts. vis-
ual displays for exhibits, and slides
for lectures are other services fur-
nished.

FaciLiTies

The facilities of the Section con-
sist of a well-equipped experimental
Machine Shop which has been shown
in a previous article, a welding,
plating, and heat-treating room: a
testing unit which contains accelerated
testing machines and specialized
equipment for testing of structures and materials (Fig. 1) ; and offices equipped
for the engineering draftsmen and scientific illustrators (Fig. 2)

THE PHILOSOPHY AND BENEFITS OF SPECIFICATIONS

Specifications and standards have become fundamental requirements
in all industrial and governmental activities. Standards have been used
throughout history in isolated instances, but modern life would be almost
impossible without them. What is the difference between a “Standard” and
a “Specification™? Here are some definitions:

A Standard is that which is set up and established by authority as a
rule for the measure of quality, weight, extent, value or quality (Webster).

A Specification is always the document that “specifies” the essential
attributes of the subject matter. For differentiation, a standard is the item
itzelf when it conforms fully to the specification.

These definitions should suffice. However. to confuse matters a bit,
a specification that deals with a very basic item. such as screwthreads, is
often called a “standard,” and a complex product which is made according
to a specification is not necessarily a standard. To be more specific, a
specification (or, if you will, a standard) “defines a product, process, or
procedure with reference to one or more of the following: nomenclature,
composition. construction, dimensions, tolerances, safety. characteristics,
rating, certification, testing and the service for which intended” (American
Standards Association).

The most basic standards are standards of measurement: the meter, the
pound, the volt, etc. They are the tools we build with. We cannot specify
anything that we cannot measure. Neither can we reproduce it. So we see
that basic standards are the building blocks which are used in specifications
to construct more elaborate standards.

There are by now thousands of standards for such basic things as
screws and nuts, gages, all kinds of materials, codes, symbols, etc. The use
of approved standards in most cases is not mandatory, yet conditions in a
highly civilized society like ours would be chaotic without them. Just
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imagine things reverting to the “good old days”: when you asked for an
ell of cloth, you could get anything from 27 to 45 inches, depending on
the locality. This example points up an important requisite of standards:
the standards used must be well-defined and their accuracy suitable for the
end result, otherwise the purpose of the specification is defeated. More
precise standards are necessary, for instance, in pharmaceutical process
specifications, where it may be necessary to measure to a few parts per
million. Many examples could be given to show why our advancing tech-
nology needs ever more refined primary standards.

Specification is essential in procurement for several reasons. For one,
the government’s principles of purchase, which are hased on obtaining a
satisfactory material or item for the intended use at minimum cost, normally
requires competitive bids. Secondly, specification is necessary so that pros-
pective bidders will know the properties and quality of the material or items
they must deliver, and thus enable them to make a reasonably close esti-
mate of cost. Thus a good specification represents the lowest cost item that

will do the job.

Thirdly, a specification describes the test method necessary to deter-
mine the properties and characteristics that are required. It is necessary
to test each unit with the same method and apparatus so as to have a basis
for ready comparison.

Fourth, a specification reduces waste by eliminating unnecessary sizes
and types, costly manufacturing procedures, excessively expensive materials,
or materials which may be inferior and cause premature failures thus in-
creasing costs. Before specification, each manufacturer may have produced
his own assortment of sizes and types. in variation with his competitors.
This is not only confusing to the users, but also a nuisance and a bigger ex-
pense to distributors and retailers, because they have to carry much larger
stocks, and parts of one manufacturer are usually not interchangeable with
other makes. After agreement is reached through specification, the manu-
facturers’ production lines can move faster and smoother, with longer runs
and fewer changes, because there are fewer and simpler types to make.
His set-up time, tooling. inspection. training of workers and raw materials
requirements are all simplified. He is able to keep the factory busy in slack
times by making standard parts for stock.

Finally, a specification establishes the limits and tolerances within
which the product or process is acceptable. The concept of tolerance is
based on the fact that variations do exist in all natural and manufactured
materials. For the product to be economically feasible, the specification
requirements must make allowance for some variation in the physical and
chemical characteristics of raw materials and in the processing of these
materials to the finished item. It then becomes necessary to decide how
much variation can be permitted without lowering the standard. Tt usually
resolves itself to the question of how much the buyer is willing to pay for
quality, if no other determining factors are involved such as safety or re-
liability.

The ultimate benefits of standards have already been implied. Both
industry and user achieve economies from well worked-out specifications,
resulting in conservation of time, materials. labor and money. As in other
industries, much waste results in the prosthetics business due to the great
variety of manufactured products. Many types and sizes can not be justi-
fied from a sound economic standpoint. A majority of the varieties con-
stitutes an unnecessary waste of materials, production facilities, and operat-
ing capital, needlessly increasing the cost to the consumer. Obvious ad-

PAGE 300 SEPTEMBER, 1963




vantages are to be gained by concentrating production on the varieties and
sizes in greatest demand. One of the objectives of specification is “sim-
plified practice” in accord with the foregoing.

Specification helps the manufacturer in other ways: (1) The standards
tests enable a ready comparison belween competitors’ products. Thus, one
finds out in what way his product is deficient compared to somebody else’s
and tries to improve it. This was the case with SACH Feet, for instance.
(2) Specifications provide the necessary means of communication for the
establishment of understanding between workers in the field of prosthetics.
This helps to open to the research worker a knowledge of the work being
done elsewhere, and so leaves their creative faculties free for the problems
that are still unsolved. (3) Standards help designers to develop new prod-
ucts in such a way that they function better, and are attractive from the
standpoint of cost and maintenance.

From the standpoint of the Veterans Administration, a major buyer
of prosthetic items, specifications are of henefit to the taxpayer and to the
disabled veteran, who is the ultimate user. Some of these benefits can be
listed as follows:

a. The specifications and the tests performed in accordance with them,
ensure the user of products made by proper techniques and from acceptable
materials with known properties.

b. Product performance is uniform and predictable, and a number of
manufacturers’ products can be used interchangeably, from the standpoint
of sizes and tolerances.

c. The availability of the product is increased, minimizing the need for
the VA or one of its contractors to maintain large stocks.

d. When the Government buys in quantity under a bidding system, the
product supplier with the lowest bid gets the contract for the specified
product, thus saving the taxpayer money.

To sum up, the user of a specified product can look forward to a better
product, better reliability, and better service, and the producer who com-
plies with specifications will find himself in a more advantageous position
with respect to a competitor who does not abide by the standard.

Perhaps a few words about general standards activities throughout
the country are indicated. All nations have organizations for the development
and preservation of standards. The primary source of standards in the
United States is the National Bureau of Standards in Washington. Its
works would fill many volumes, and its contributions to science and engi-
neering are almost uncountable. They continue and increase with each
passing month. In addition to the National Burean of Standards, each
major government agency develops and issues its own specification accord-
ing to its needs. The Department of Defense to date has issued approxi-
mately 24,000 military specifications and standards. While their primary
purpose is in the defense of the United States of America, these specifications
and standards are of equal value to the daily pursuits and well-being of our
people. The General Services Administration (GSA) promulgates the Fed-
eral Specifications and Standards which concern mainly commodities, sup-
plies, materials and equipment which are purchased and used by all branches
of the Federal Government. There are many other Government agencies
whose daily pursuits involve standardization, but their work is more highly
specialized, and directed to a narrower audience. One of these is the
Veterans Administration which, of course, works for the benefit of all
veterans, including the disabled.
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Outside the Government, American industries and professional socie!;ies
are continally developing standards to increase their abilities to specify.
There are hundreds of these organizations. A few of them are:

American Society of Mechanical Engineers

American Institute of Electrical Engineers

American Society of Testing and Materials

American Standards Association

American Petroleunm Institute

American Society for Metals

Society of Automolive Engineers

Unitec States Pharmacopoeial Convention

A quite complete list can be found in reference (2).

THE DEVELOPMENT OF A SPECIFICATION

There are five major steps in establishing a VA specification on an
ortholic or prosthetic item. Salient features of each are as follows:

a. Request—The request usually comes from the Prosthetics and Sensory
Aid Service (PSAS) in Washington, D). C. to the VA Prosthetics Center.
PSAS, which is a Service under the VA’s Department of Medicine and
Surgery, is usually contacted when a vendor wants to sell a new prosthetic
or orthotic product to the VA. The Government’s principle of purchase
requires that, with some exceptions, competing vendors bid for a contract
through a procurement document which has a specification attached. If a
specification already exists on this commodity, (perhaps issued by a differ-
ent Government agency), the Veterans Administration may adopt it for its
own use. This was the case, for instance, with the specification for crutches,
which was originally a Federal Specification. If it is a new product, or unique
for veterans’ use, and is acceptable, a specification has to be written. It is
then that the request is sent on to the VA Prosthetics Center (VAPC) for
development.

b. Evaluation—The item is first evaluated. Physical and physiological
testing are performed by the Bioengineering Laboratory and clinical tests
by the Orthopedic Shoe Section or Limb and Brace Section of the Center.
In addition, the Research and Development Division of PSAS may possibly
be involved with a national VA Field test. Sometimes comments are
elicited from other interested sources. Or the job may be handled entirely
by a VA contractor such as New York University. Depending on the com-
plexity of the item, this investigation may consume a considerable amount
of time. (In the case of the Hydra-Cadence hydraulic unit, VA field testing
took about a year to complete.) When all the data are in, an evaluation
report is writlen giving recommendations regarding possible future utility.
Weighing all the factors involved, VA Central Office then decides whether
the product has sufficient merit to be issued. If the decision is favorable,
VAPC is asked to prepare a specification, which in large part employs
methods and findings of the evaluation.

¢. Draft—The vendor or manufacturer in the field of prosthetics usu-
ally has the skill and technique to make an acceptable product, but rarely
has he the technical know-how to write the specification for it. As the
writing of a specification is a cooperative venture between the vendor or a
group of vendors and the government, a draft is usually written by ex-
perienced men in the Government. Requirements must be stated clearly
and accuralely; words and phrases should be simple and easily understood;
Tables and graphs must be presented in an easily understandable form.
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The structure of a Government Specification is usually composed of a
heading and six numbered sections. The heading consists of the specification
symbol, revision (if any), eflective date, title, and preamble. The sections
are titled' as follows:

1. Scope

2. Applicable Documents

3. Requirements

4. Quality Assurance Provisions
5. Preparation for Delivery

6. Notes

Example

1. Scope

1.1 Deseription. This specification establishes the requirements for a
prosthetic knee-ankle system with coordinated hydraulic swing control.
The complete assembly (or system) consists of (a) the hydraulic
mechanism, including the knee cap, fairing and foot attachments, here-
after referred to as the “unit,” (b) the foot, and (c) the cosmetic cover
with attachments.

1.2 Sizes. Ranges of sizes as specified in 3.5 and 3.12.

In section 2, all documents are listed which form part of the specifica-
tion. These may be governmental or non-governmental specifications and
standards, drawings, and other publications.

Section 3 states all essential requirements and descriptions applying
to the design, material, or construction which the commodity must meet to
be acceptable. The requirements should be worded so as to provide a
definite basis of rejection in those cases where the quality and workmanship
are such that the item is unsuitable for the purpose intended.

Example
3. Requirements
3.1 Materials
3.1.1 Materials shall be as specified on the detail drawings for each
component.
3.1.2 Castings shall have no cracks or flaws. and shail be inspected
for such before anodizing, by using a penetrating dye or by using
black-light techniques.
3.2 Plating and Finishing. Those component parts or sub-assemblies
formed from other than corrosion resistant materials and located ex-
ternally shall be finished or plated to resist corrosion. For such parts,
there shall be no rough spots. porosity, thin spots, or peeling evident
in either the finishing or the plating.
3.3 Fastenings. The unit shall be assembled and fastened so that no
fixed part or sub-assembly shall become loose, and no movable part
or control be shifted in setting, position, or adjustment under extreme
service conditions.
3.4 FEffectiveness of Seals. There shall be no fluid leakage perceptible
on the hydraulic assembly after any phase of testing under these speci-
fications. (The normal film of fluid found on the piston rod is not to
be considered as leakage).
3.5 Sizes
3.5.1 Units shall be furnished, or be adjustable, in the following
lengths: When measured from the prosthetic knee axis to the bottom
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of the attached, unshod foot, these sizes shall range from 1614 inches
to 2114 inches in a maximum of 1 inch steps.
3.5.2 The foot shall be furnished, as specified, in left or right, and for
any shoe size ranging from 6 to 13 inclusive. The foot shall be con-
structed so that when assembled to a unit, that the foot will be in a
neutral position of valgus-varus.
3.6 Noise. There shall be no objectionable noise when the unit is
tested or when it is being worn.
3.7 Swing Characteristics. The swing characteristic acquired by the
unit is a function of the hydraulic resistance of the mechanism. This
resistance shall range from a specified minimum to a maximum and
shall be manually adjustable by setting the resistance range control.
The hydraulic resistance shall be measured by the time it takes for a
specified weight to drop through a certain height, when the weight is
attached to the unit in the manner described in test 4.7. Using the
apparatus specified in this test, the unit shall receive a drop-test at the
minimum and at the maximum resistance settings, both in flexion and
in extension (4 tests). The four drop-times shall be recorded as an
average of at least 3 drops at each setting. There shall be no erratic
reading when a drop is repeated within a setting. The weight shall be
such as to produce a constant torque on the knee joint of 51.5 inch-
pounds = 0.1 inch-pounds (e.g. 10 lbs. 13.6 oz. for a pulley diameter
of 9.5 inches). The height of the drop shall be adjusted so as to pro-
duce a knee flexion or extension of 65° %= 27, Flexion shall be started
from the initial position given in 3.9.2. Extension is a return to this
initial position. The drop times shall be as follows:

. Max. setting, flexion 0.7 to 1.2 sec.

2. Min. setting, flexion 0.35 sec. or less

3. Max. setting, extension 0.7 to 1.2 sec.

£, Min. setting, extension 0.35 sec. or greater

The time values shall be recorded on all units.

3.8 Workmanship—The assembly delivered shall be clean, well made,
and free from any defects (such as flaws, burrs and rough edges) which
may affect its appearance, impair its serviceability, or require preven-
tive maintenance for the duration of the guarantee period stated in the
contract. Workmanship and design shall be such that an unconditional
guarantee for the stipulated period can be supplied, provided the hy-
draulic mechanism is not tampered with by the prosthetist or customer.

3.9 Interchangeability—Major component sub-assemblies, which may
be considered to he expendable during the life of the unit, shall be
manufactured with tolerances to permit easy replacement, as required
in the maintenance of the unit, either in a local shop facility or at the
manufacturing plant.

3.10 Identification Marking—Each unit shall be permanently marked
on a main component with a serial number for identification. Such
serial numbers need not be in sequence. The component selected for
such marking should be one which will probably not require replace-
ment during the life of the unit.

3.11 Storage Reliability—The units shall be shelf-stored in a horizon-
tal position for at least one month and then reinspected for leakage.

In section 4.2 “Quality Assurance Provisions,” procedures concerning
sampling and inspection are given, test methods are described, and tests are
differentiated (as between qualification tests and acceptance tests). Sam-
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pling is an important factor in determining compliance with requirements.
Sampling should be made on a rational basis so as to attain the greatest
economy consistent with the required assurance of quality. Details of
sampling will vary with the commodity. In complex mechanisms each unit
is usually examined. Simple items, like stump socks, are sampled in random
lots drawn from each shipment.

Descriptions of tests and methods of analyses shall appear in this sec-
lion to insure that they will be properly conducted. Other information, such
as description of testing apparatus shall also appear.

Example

4. Quality Assurance Provisions
4.1 Unless otherwise specified herein, the supplier is responsible for
the performance of all inspection requirements prior to submission for
Government inspection and acceptance. Except as otherwise specified,
the supplier may utilize his own facilities or any commercial laboratory
acceptable to the Government. Inspection records of the examinations
and test shall be kept complete and available to the Government as
specified in the contract or order.
4.2 Mechanical Inspection—Preliminary to performing the subsequent
tests, each system shall be given a thorough visual and mechanical in-
spection to determine conformity with:

(1) the drawings listed under 2.1

(2) requirements 3.1, 3.2, 3.3, 3.5, 3.6, 3.8 and 3.10
4.3 Tests—Before performing the following tests, a) check hydraulic
fluid level as per 5.1, b) hand cycle the unit through full extension and
compression for a minimum of ten (10) cycles.
4.4 Alignment Check—Extend the knee fully. Invert the unit and
set it with the knee casting resting on a horizontal plate. With a level
and a plumb line check the requirements of 3.9.2. If not in the initial
position as defined, make necessary adjustments until the requirements
are met.
4.5 Manual Foot Flexion Control—With the unit in the initial posi-
tion, check the requirement of 3.9.3 with the manual control knob,
using a protractor to measure the angles.
4.6 Coordinated Knee-Ankle Flexion Ratio Test—Set the unit to the
initial position. Flex the knee to 60 degrees and measure the dorsi-
flexion of the ankle with a protractor. Check conformity with the re-
quirement 3.8.2.
4.7 Hydraulic Resistance Test—The hydraulic resistance of the mech-
anism shall be tested on the apparatus shown in Fig. 7. The unit shall
be mounted as shown, and the weight specified in 3.7 shall be attached
to the cable around the pulley. The procedure of 3.7 shall be followed.
4.8 Leakage and Flaws—Check for fluid leakage, adequacy of welds,
existence of cracks and flaws in frame and all castings by using one
of the techniques listed in 3.1.2. Requirements 3.1.2 and 3.4 to hold.
This check shall be repeated after one month’s storage for require-
ment 3.11.
4.9 Reports of Test—Tabulated results of the test data shall he record-
ed for each unit, showing quantitative results for all tests required by
this specification.

The section “Preparation for Delivqry” covers the applicable require-
ments for preservation, packaging, packing, and marking of packages and
containers.
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Example
5. Preparation for Delivery
5.1 Fluid Level—When delivered to the standards Laboratory or to
the ultimate user, the unit shall be filled with the correct amount of
hydraulic fluid as required for operation. When checked with a cali-
brated dip-stick, the level shall {all within the band marked thereon.
5.2 Alignment—The unit shall be delivered aligned to the initial
position as defined in 3.9.2.
5.3 Wrapping—DUnits shall be wrapped in a dust-proof bag.
5.4 Shipping Container—Each unit shall be packaged and shipped in
a carton secured to prevent accidental opening. Packing shall be
accomplished in such a manner as to prevent marking or scratching
of the unit. The carton shall contain sufficient cushioning malerial, cor-
rugated liners, die cul pads, air cells, or other suitable material to
prevent shifting or breakage of the unit.

Under “Notes,” information of a general or explanatory nature is given.
No requirements appear herein. This section contains information de-
signed to assist in determining the applicability of the specification and in
the selection of the appropriate type, grade, or class of commodity. In-
cluded are the following:

Intended use

Ordering data

Standard samples

Qualification (where required)

Suggested features to be included in the contract.

Miscellaneous notes

Example

6. Notes
6.1 Intended Use—These hydraulic units are intended for use by
above-knee amputees to replace, to a limited extent, the functions of
the knee and the ankle.
6.2 Ordering Data—Procurement documents should specify:

(a) Title, number and date of this specification

(b) Size of the unil and accessories and whether right or left.
6.3  Frocedure before contract—Initially. and for any subsequent modi-
fication of the unit, the manufacturer shall supply two units that he
wishes qualified. These units shall be submitted to the Standards Lab-
oratory for qualification under these specifications. With the units
submitted, there shall be included (1) a set of any special Lools re-
quired for installation and maintenance of the units. (2) a general
assembly drawing showing major sub-assemblies and the dimensions
critical to installation in a prosthesis, (3) a schematic drawing showing
principles of function with (a) a detailed deseription of the nlmral-
tional (functional) sequence of designed-in characteristics for one
complete cycle, and (b) the accepted variation or tolerance range
for the functional characteristics in one complete cycle, and (1) m*.rc-
essary instruction manuals for installation. maintenance. and use. The
initial units and associated materials described in this paragraph when
approved by the Standards Laboratory and agreed on by the manu-
facturer, will constitute Standards to be used for [uture compliance
testing under these specifications,
6.4 Approval of Model—If and when approved under these specifica-
tions, the initial units shall be appropriately labeled. One unit will be
retained by the Standards Laboratory as a Standard and the other re-

PAGE 306 SEPTEMBER, 1963




turned to the manufacturer to be used by him as a manufacturing
reference.
6.5 Approval of units. Approval or disapproval shall be determined
by the Standards Laboratory according to the maximum defect score
allowable.

d. Modification—When the draft has been polished and edited, copies
are sent to the interested manufacturers or vendors, and to others con-
cerned, for their views and criticisms. Their comments are reviewed to
determine the most satisfactory method of revision. If need be, a conference
of manufacturers is called by VAPC, and the draft is revised and resub-
mitted for further consideration, the cycle being repeated until all problems
have been resolved. It must be stressed that liaison between VAPC and
the manufacturers is important to “iron out” all possible defects to develop
a meaningful specification. The most effective form of cooperation exists
where communications are kept straightforward and open between the Gov-
ernment and suppliers. VAPC must also be alert to feedback from VA
clinics and other users because the most carefully worked-out specification
is useless if the product does not satisfy the wearer.

e. Acceptance—The draft is finally adjusted to secure widest concur-
rence, and a tentative specification is issued, effective as of a certain date.

Why tentative? Although the draft has been worked out as carefully
as possible, there is still no assurance that all the requirements are real-
istic, or even that all the requirements have heen incorporated. After the
first shipments have come in and the items have been gradually distributed.
feedback is constantly coming back from the field. After a trial period of
about 1 year, some changes will probably have to be made to the specifica-
tion. The revised specification may be still tentative. or, if proven satis-
factory, will be hopefully issued as the final version. New technologies. new
concepts, changes in other ways may warrant the revision or amendment of
a specification. Periodic review is, therefore, necessary to keep a specifica-
tion from becoming obsolete. Of course, revisions are not made without a
thorough investigation and the consent of all concerned.

CoMprLIANCE TESTING

After the specification of an item is put into effect, each manufacturer
who wishes to be considered as a supplier to the VA or to the industry
which serves VA beneficiaries, must submit production samples of his
product for qualification testing to ascertain that the product complies with
all requirements. Qualification tests are more severe and exhaustive than
acceptance tests, which consist mostly of routine inspections and non-de-
structive tests. Qualification tests include all the acceptance tests, and in ad-
dition, the samples are subjected to endurance tests on accelerated testing
machines, wear tests, strength tests, ete.: the samples may be tested for
shrinkage, corrosion resistance. fungus resistance. water absorption, or
whatever is stated as required. If a failure occurs, or a requirement is
not met. the manufacturer is so notified. If he still wishes to qualify, he
must submit improved samples, usually before a given deadline. '

VAPC also uses sampling plans which depend on the kind of item.
the quantities involved, and the character of the tests. Uusally a certain
percentage is selected at random from each lot. If the item is complex, each
unit may have to be checked. The samples are then submitted to the Test-
ing and Development Laboratory for compliance testing, another term for
specification checks or acceptance tests.
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Figure 3. Two-station cycling machine orig-
inally designed by APRL.

Figure 5. University of Califoernia knee testing
machine

As pointed out before, section 4
of the specifications explains all the
test procedures and any special test
apparatus needed. Most test and
measuring equipment are standard
and can be bought from many sourc-
es. Such equipment would include
precision gages, precision weighing
scales, force gages, all kinds of trans-
ducers, such as strain gages and ac-
celerometers, universal testing ma-
chines for tension and compression
testing (one is shown in Fig. 1),
hardness testers, abrasion testers, and
many others. Most transducers re-
quire electronic gear to amplify their
signals and to record the results, usu-
ally on tape.

But often special apparatus is needed which cannot be purchased. It
must then be designed and built. The Laboratory has a number of special
purpose test machines. Fig. 3 shows a two-station cycling machine which
is electronically controlled for variable speed. Shown mounted on this ma-
chine, originally designed by the Army Prosthetics Research Laboratory, is
a prosthetic hand and an internal elbow, both being cyeled simultaneously.
The hydraulic test stand shown in Fig. 1 was built to check the static pressure
of hydraulic knee units. It can accommodate 6 units at one time. The stand
can also be used as a hydraulic power source for dynamic applications.

Fig. 4 shows a dynamic knee tester. The unit on the left is a hydraulic
motor-pump. On the frame to the right, a knee system is set up for dynamie
testing. With a programmed input to the stump, represented by the vertical
tube, the prosthesis will be tested for swing reactions such as the angular
acceleration of the shank. The electronic gear is not shown. The recorded
result will be compared to an accepted standard knee characteristic curve.

Figure 4, Dynamic knee tester.
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Figure 6. Force and velocity recordings from University of California knee testing machine.

Another dynamic cycling machine
is shown in Fig. 5. This is an oscil-
lating cycler for flexing and extend-
ing knee units with a forced input.
Built by the University of California
Biomechanics Laboratory, it has a
strain gage element which measures
the resistance of the unit to the flex-
ing and extending forces. The ampli-
fiers are in the lower compartments,
and the oscillograph (with the paper
tape output) is on top of the table.
As most knee units have resistance
adjustability, this machine is useful
for checking resistance ranges par-
ticularly at different speeds and also
for comparing the characteristics of
different systems. Sample curves are
shown in Fig. 6. The lower curve is
that of input velocily and the upper
curve is the corresponding resistance
force measured in the rod producing
flexion and extension.

A constant torque resistance test
apparatus or drop tester used quite
commonly for acceptance tests of hy-
draulic units is shown in Fig. 7. This
unit was mentioned in the specifica-
Figure 7. Drop tester, tion example given above.
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Quarity CoNTROL

Competition has been the way of life in our couniry ever since its
inception—we seem to thrive by it. The system rewards that enterprise
which can make its product a little better or market the same thing at a
little lower price than its competitors. The secret of success can usually
be surmmmed up in two words: “quality control.”

Quality control is a modern industrial concept which requires that
every product be checked against established standards to make sure that
nothing defective reaches the consumer. This concept also applies to the
artificial limb industry as well as to other businesses. With a new product,
where competition is absent, the VA sees to it that a standard of quality
is established. The VAPC then acts like a quality observer to see that
products abide by standards and prevents a shoddy product from reaching
any disabled person.

Any supplier or manufacturer who neglects to practice quality contrel
will eventually fall by the wayside. The things which will cause him to lose
out may at first seem inconsequential to him—skimping on the thread count
in stump socks . . . knee joints that are poorly assembled . . . a leak
that develops in a hydraulic system . . . inferior workmanship in a SACH
Foot . . . sloppy fits in a device . . . limb shop fitters who do their second
best . . . substiluling an inferior material because it is cheaper.

American orthotists and prosthetists and their suppliers have potentially
the experience, competence, and ingenuity to do any job a little better than it
is done now. This is a time when quality matters more than ever before,
world conditions being as they are. The function of the Veterans Adminis-
tration is to help the American industry along this path and to see to it
that the words “Approved by the Veterans Administration” will always be
a symbol of excellence and worth.

REFERENCES

1. “Industrial Specifications.”—E. H. Mac Niece, John Wiley & Sons, N.Y.

2. “Standardization Activities in the United States”—A Descriptive Directory.—
U. S. Department of Commerce, National Bureau of Standards.
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Education and Training

The Research and Development Division of the Prosthetic and Sensory
Aids Service, also physically located in New York. has the primary respon-
sibility for VA education and training in prosthetics and orthotics. The
VA Prosthetics Center. however, supports these activities by guidance in
curriculum development, by visual aid design and production, by technical
reports, manuals, and articles, and by providing lecturers and instructors
for seminars and courses. Also, the Center conducts on-the-job training
for several kinds of students.

It seems reasonable that a center active in a broad spectrum program
for prosthetics and orthotics restoration would indeed also be involved in
education and training; particularly as the products of research and develop-
ment become available, there is need for dissemination of information on
the new devices and techniques. A government limb and brace activity
attempting to practice the best and latest techniques developed by itself
and others also provides an excellent facility for on-the-job training of
orthotists and prosthetists.

Nevertheless, we know full well that only those who are willing and
able to learn can teach. Indeed. the reservoir of prosthetic knowledge grows
steadily, and especially he who might choose to teach must keep his knowl-
edge in constant repair. Consequently, the leading journals and all publi-
cations, domestic and foreign, are made available to the Center’s staff and
are reviewed and group-discussed. In addition. intensive communication
is maintained with American and foreign research and clinical centers.
Members of the teaching group are often sent out to get first-hand insight,
to keep abreast of “prosthetics on the move,” home and abroad.

Only so, can cross-fertilization of knowledge and a sufficient transfer of
new ideas be achieved. Only so, can the teachers be well-taught.

It has been generally recognized that the nationwide establishment of
orthotics and prosthetics clinic teams was a major step forward, not only in
clinical practice but in education of the team members. Sometimes, for quite
understandable reasons, these teams do not always function at the summit of
efficiency, but all seem to be rising to the challenge and are constantly im-
proving. The VAPC has an Orthopedic and Prosthetic Appliance Clinic Team
meeting weekly under the leadership of a consultant, but it is also fortunate
in having available, full-time and under one roof. a surgeon. prosthetists
and orthotists, and therapists with whom it organized what may be called the
“Instant Team™ to be assembled with “push button” speed anytime a case
of “Clinic Team™ substance comes in. This arrangement has proven so
strikingly valuable in many respects, particularly in educating our educators,
that its adoption by other institutions wherever possible is highly recom-
mended.

A four-year program of full-time and salaried apprentice-training has
been organized in the VA Prosthetics Center to prepare carefully selected
high school graduates as orthotists or prosthetists with certification as a
goal. The education. although including all necessary craft activities,
focuses on the professional responsibilities of the discipline. For example,
vear-round courses in functional anatomy are given to the trainees as well
as to regular staff members. Special lectures on mechanics, materials. and
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principles underlying limbfitting and bracing are presented at appropriate
times during a trainee’s four-year tenure. All irainees are also given a
brief, yet comprehensive research and development experience so- that they
may become familiar with the rationale underlying the methods used.

The four-year training program is primarily intended for United States
citizens. Nevertheless, many foreign technicians supported by various in-
ternational organizations are assigned to the Center, after appropriate
clearance, for varying periods of time to learn about modern American
methods and devices. Most of this unsalaried training is craft-oriented but
discussion of the fundamental principles underlying any new technique or
device is always provided. The VA assumes no financial responsibility for
expenses incurred by such trainees.

On a number of occasions, American and foreign physicians have spent
varying periods observing activities involved in the production of artificial
limbs, braces, and orthopedic shoes or the research activities associated
with these programs. In several instances, physicians were given job-training
in the fabrication of prostheses, braces, or shoes.

Regular one-week courses in prosthetics and orthotics are held in New
York periodically with VAPC personnel providing most of the faculty
services. The Research and Development Division of PSAS sponsors two
such training programs per vear for physicians, therapists, prosthetics
specialists, and orthotists from Veterans Administration installations all over
the country. Lectures on prosthetics and orthotics, with particular emphasis
on the newest devices and techniques, are supplemented by demonstrations
and practical work sessions. Occasionally, a course of this type will be
organized in another city with instructional personnel from the New York
activities.

Periodically, special training courses are given to certain VA em-
ployees. For example, the use of the casting stand in the fabrication of
above-knee and below-knee brace supports and for sockets to be used in
temporary prostheses were taught to VA orthotists to assist them in their
regular VA brace shop responsibilities.

Upon invitation, VAPC personnel have conducted lecture and demon-
stration programs at local VA stations or Area Medical Offices. These are
usually one or two-day sessions to which commercial prosthetists and or-
thotists and private practitioners from the region of the VA station may
be invited.

Special seminars are occasionally conducted at AOPA meetings or at
least in collaboration with AOPA. A typical example was the recent series of
seminars on fluid-controlled mechanisms, a PSAS program involving VAPC,
Research and Development, and some university personnel.

In addition lo these programs of education and training, the VAPC
also prepares for the PSAS manuals. brochures, and [lamph]_ets, Its staff
has made significant contributions to the literature. Prosthetics and orthotics
information dissemination responsibilities also include replies to daily in-
quiries on problems confronting VA and other clinicians and practitioners.
Many such inquiries come from overseas.

The Center and the R&D Division have a huge photographic file in-
cluding color slides, as well as motion pictures, microfilin and-imtents. which
facilitate information dissemination. Visual aids, models, samples and other
training aids useful in educational programs are produced routinely. both
for lecture-demonstrations and the permanent exhibit associated with the
offices of the Research and Development Division in New York.
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From time-to-time, Center personnel are involved in international con-
ferences and seminars or courses. Most particularly, the international pros-
thetics courses, sponsored by the Committee on Prostheses, Braces and
Technical Aids of the International Society for Rehabilitation of the Disabled.
have been supported by faculty participation. Also. regional seminars in
several parts of the world have heen organized by Center personnel in co-
operation with several international organizations and with the support of
the governments involved.

We of the VA Prosthetics Center hope that what we have done and what
we aspire to do may have some impact on national and international
progress in prosthetics and orthotics, especially in constantly raising the
level of practice by technical improvements and through education and
training. We believe that every contribution is needed since after all, the
field of orthotics/prosthetics is now and will always be pretty much un-
finished business.

=

Dr. Rosenkranz’s Prosthetic Splinters III.

1. STABILITY itself is nothing else but instability in slow motion.

2. ANATOMY OF THE HUMAN BODY: If one knew how the body is
made, he would not dare move; Physiology: If one knew how it works,
he would rejoice in making it work.

3. To the prosthetist who frowns upon alignment devices: INTUITION
is that strange instinct that tells the limbfitter he does right, whether
he does or not.

4. Prosthetics should be planned on physiological lines, not by mere
carpentry.

5. Some prosthetists I have met were still young enough to know every-
thing.

6. When the stump turns blue, it is the limbftter’s turn to blush.

7. The prosthesis is to the stump what a house is to the individual: A
machine to live in. (after Frank Lloyd Wright).

8. How many COMING IMPROVEMENTS has one known! Where on
earth do they all go to?

9. Nothing will ever be attempted if all possible objections must first be
overcome. (after Samuel Johnson).

10. If you think of STANDARDIZATION as the best that you know to-
day, but which is to be improved tomorrow—you get somewhere.
{Henry Ford).

11. The LARGEST ROOM in the waorld is the room for improvement.

12. RESULTS! Why, man, I have gotten a lot of results. T know severai
thousands that won’t work. (Thomas Edison).
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13.
14.

15.

16.

17.
18.
19.

20.
21:
22.
. The ISCHIAL SEAT is the signature of the prosthetist.
24.

25.
26.

27,

Prosthetic care must begin before amputation starts.

Prosthetics means harnessing the greatest force in the Universe, the
force of gravity.

Friendship between surgeon and prosthetist is often only a suspension
of hostilities.

Recent Books:

The Prosthetic Team—A Conspiracy
On Alignment: A mystery story

Amputation and Prosthesis: A sad story with a happy ending
The Electric Hand: Science-Fiction
The Suction Socket: A German best seller

The first principle in Prosthetics is getting the job.
An orthotist’s dream: A centipede’s order for arch supports.

Some contemporary legs are the deplorable results of an omitted wood
burning.

Only a mediocre prosthetist is always at his best.
God may forgive you your sin; the stump won’t.

Don’t expect the socket o say “when.”

All modern appliances are descended from obsolete creations, but it
shows more on some.

All men are created equal, but no two stumps are alike.
Honor FITTING and ALIGNMENT, and the days of your staying

in business will be long.

The ideal leg. There does not exist a “best” leg for all cases. The “best”
limb is always thal which the wearer through energy and skill renders
“the best for him.”

=70
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for ORTHOPEDIC APPLIANCES
of many varieties

for SURGICAL SUPPORTS
men’s and women’s

for SURGICAL WEIGHT
elastic hosiery

for SPECIALTIES
prescribed by the physician

l TRUFORM I
depend on for your complete line of

ORTHOPEDIC APPLIANCES ¢ SURGICAL SUPPORTS
ELASTIC HOSIERY ¢ SPECIALTIES

available only from you, the Ethical Appliance Dealer.
Write for “Truform Red Book,” fully illustrated reference catalog.
TRUFORM anatomical supports, 3960 Rosslyn Drive, Cincinnati 9, Ohio.
Branches: New York and San Francisco.




PR.EAIT

*VARI-GAIT V100 (lllus.)

The Quality knee providing
Knee Stability at low cost

*VARI-GAIT V200

Friction knee with swing phase

*VARI-GAIT V300

Economy Friction Knee

COMPLETE LINE OF PROSTHETIC SUPPLIES

Knee Shank Assemblies
Abachi and Pappel Quadrilateral Thigh Blocks
Kingsley Sach Feet—Male and Female
Plastic Materials and Resins

NIGHT SPLINT
DETACHABLE — DENIS BROWNE

*Fits any shoe
*Different settings
*All sizes — 6" 10 30"

*Attractively finished in color

SURGICAL SUPPLIES, INC.

ESTABLISHED 1914
678, CHATTANOOGA, TENNESSEE
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FINEST WOOI. S'I'I.IMP SOCKS

FREE Sales Aids COMFORT_ABLE . - . Smooth thickness
and resiliency to cushion the stump

® Price Folders from shock.

® Posters SOFT . . . Every Knit-Rite Stump Sock is

® “Take One” Boxes flawless, smooth, absorbent, downy soft.

DURABLE . . . Knit-Rite Stump Socks
retain their elasticity and softness
through repeated washings.

KNIT-RITES . . . since 1925 . .,
amputee preferred! Sell fresh Knit-Rite
Stump Socks for the ultimate in
walking comfort.

/0

PROSTHETIC & ORTHOTIC SUPPLIES . . . Distributor
Kingsley * Otto Bock * Sierra . Fillauer
Hallmark . Baver & Black L Sacro-Ease
Burlington Support Stockings . Comfort Aids

Versatile Equipment . . .
easy-to-use, moderately priced.

KNIT-RITE OFFERS:

® Vertical Cervical Kit

@ Pelvic Traction Belts

® Buck’s Extension Bed Units for head or pelvic
traction.

Halters—Shot Weight in bags—Weight Bag and
rope for counter traction
Ask for brochure and price list . . . sales aids
Add Traction Equipment to your rental service.

Sales confined to Orthotic and Prosthetic Facilities

THE KNIT-RITE Company

1121 GRAND AVE. KANSAS CITY 6, MISSOURI
TELEPHONE BA 1-0206 1
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Complete Suppliers To The Prosthetic Industry:

QUADRILATERAL SOCKET BLOCKS

HIGHEST
LOAD
STRENGTH

Yes—

Nine times the normal load
supporting capacity required to
take both static loads and the ex-
tra loads imposed by sudden
shocks.

Here's why: STERLING QUADRI-
LATERAL SOCKET BLOCKS have a
delicately machined glue surface
that raises the wood fibers [an
exclusive Ohio Willow Wood
Company development) and in-
terlocks them under tremendous
pressure. What's more, these pre-
cision engineered thigh blocks are
kiln dried of the finest Northern
Basswood available, are light in
weight and light in color. All sizes
in stock — priced right — imme-
diate delivery.

THE OHIO WILLOW WOOD
COMPANY

MT. STERLING, OHIO
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ON INTO THE NIGHT the engineers

and technicians of United States Manufacturing Company con-
tinue their efforts to improve their products and to see that
the prosthetic and orthotic profession has the latest proven
techniques and equipment available to them.

The companion company, Hydra-Cadence, Inc., specializes in
the production of the new hydraulic artificial limb. The unique
features of Hydra-Cadence are now opening a new era in the
prosthetic field. We hope our efforts will in some way result
in an ever improving condition of the “‘State of the Art,”" and
of the profession we serve.

623 South Central Avenue, Glendale 4, California

fouairy|
usmﬂ UNITED STATES MANUFACTURING COMPANY
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DENISON'S
CEREBRAL PALSY BRACES

MADE TO ORDER
DELIVERED COMPLETED
READY TO FIT

rigid pelvic band and hip sections
for positive abduction and

adduction control

sealed radial and lateral thrust
ball bearing joints used
throughout

rigid full length shanks in shoes
for positive foot control

many special features available

for individual patient requirements

catalogue available on request

no paris, except replacements for original orders

€. 0. DENISON

ORTHOPAEDIC :% APPLIANCE

CORPORATION
220 W. 28th STREET BALTIMORE 11, MD.
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New Helps for your
TRAUTMAN CARVER

MIDGET CUTTER—No. 2100H

A new single blade cutter to help you pull small children's
sockets—and to route out corners for all quadrilateral
fittings. $25.00 including an extra blade.

Air Attachment for
E Trautman Carver
—_ No. 2100J

L

Another tool to help you get ultimate effi-
ciency from your Trautman Carver. This is
a blower attachment which gently blows
sawdust and chips away from the cutting
tool. This enables you to see at all times
exactly where and how you're cutting.
Comes complete with airhose fitting—can
be plugged into any standard airline. Flow
of air can be regulated. Attach in minutes
with screwdriver only tool needed. Cost
$10.50.

FOOT SWITCH |

@

(For the Trautman
Carver 2100K)

We've had requests for a foot-operated switch,
and this is the answer. It can be attached in a
matter of minutes to any Trautman Carver. De-
signed so that if the operator wishes to use the
hand swiich instead of the foot pedal, all he has
to do is remove the motor plug from the recepta-
cle on the column of the Carver and then plug
it directly into the power supply. Does not affect
the Carver's normal operation. Cost $22.65.

TRAUTMAN SPECIALTIES, INC.

410 Portland Avenue, Minneapolis, Minnesota
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“Are You Turning
Business
Away?”

This year more than 167 orthopedic appliance shops reaped “extra
profits” because they made Child Life shoes available to prescribing doc-
tors and their young patients.

Child l.ife — the nation’s largest producer of special purpose shoes
for children — knows that shoe retailers in many communities are not
providing the specialized needs of doctors and their young patients.

Here’s an opportunity that’s yours for the taking. It's estimated that
one doctor recommending one new patient weekly to your shop results in
over $1600 additional annual sales of Child Life Arch Feature shoes.
Your potential new market is $1600 times the number of doctors you now
work with who prescribe children’s shoes. Why turn this business away?

Child Life shoes have proven themselves in bracing situations. Quality
is undisputable — a line of shoes and services the most complete in the
industry. Many members of your pro-
fession have already taken this profit-
able step. How about you? Your in-
quiry will get immediate attention.

HERBST SHOE MANUFACTURING CO.
Box 2005 Milwaukee, Wisconsin 53201
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Model 11
Dorso-Lumbar
Support

for Men

Model 12
for Women

Model 422
Sacro-Lumbar
: Support
for Men

~ Model 423
~ for Women

the Quality is Unequalled
...50 IS the Markup

STOCK ORDERS

You'll find sales features galore in
Freeman surgical supports. Low, low
dealer prices, too!

Cool, soft velveteen lining and stay
covers make these the most comfortable
supports vet. Exteriors are available in a
wide range of fabrics including canvas,
dacron mesh, dacron and brocade. Each
support, of course, is always put together

SHIPPED I'N

48 HOURS

with famous Freeman needlework.

Freeman supports have been devel-
oped and perfected in 70 years of close
association with the medical profession.
That's one reason why doctors recom-
mend them.

Always fast delivery. On special
request orders will be shipped the same
day they are received.

SELL
FREEMAN
an ...
CONFIDENCE
WRITE FOR FREE CATALOG — FREEMAN MFG, CO., Dept. 809, STURGIS, MICHIGAN

ORTHOPEDIC & PROSTHETIC APPLIANCE JOURNAL
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“FOOT BALANCERS OF ALL DESCRIPTIONS”

Certainly no one type of foot appliance is fitted for all foot
conditions; that is the reason why we offer you a great
variety of appliances.

Cork—-Rubber—Celastic Supports and Inlays. Levy Mould
and Forefoot Balancer—Artificial Toes and Forefoot Am-
putees and short Limb Extension. Orthopedic work is our
specialty.

All Inlays are made with Oak sole leather base—and
in many types blue tempered steel springs are added.
Also every type of stainless steel brace all hand hammered
to your cast.

Our newest Levy Latex Mould to cushion the foot suited
for such cases as Arthritis, Diabetic, Ulcers, Burns, Scar
tissues, and Verruca. A plaster of paris cast is essential
for this type. All Inlays are hand made to your pre-
scription.

“WE DO NOT CARRY ANY KIND OF STOCK SUPPORTS”

Write for our illustrated catalogue and price list.
The House of Foot Comfort Prosthetic Appliances

LEVY & RAPPEL INC.

384 Columbus Avenve, New York 24, N. Y.
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Realastie

expanded
LEG COVER

a new concept in leg cover install-
ation—pull over limb effortlessly—
shrink to conformit with heat gun

PROSTHETIC SERVICES

: OF SAN FRANCISCO
/ 46 Shipley St. San Francisco 7
California DO 2-7341
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TRU-EZE TRACTION SPECIALTIES

« First and Finest in the field of Economical and Simple
Traction Equipment

T o e
BD-13a (bed) Traction Support BD-11a (bed) Traction Support
w/Spr. Bar, Head Halter & PB-6&1 Pelvic Traction Y Belt

Weight Bag WB-71 Weight Bag

Write for our illustrated catalogue and price list.

TRU-EZE manufacturing co., inc.

e ’
\j?///ﬁk‘)/ (=3 %&/‘/ZE//%:/

P. O BOX 855 « BURBANK, CALIFORNIA
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Regular Shoe

For Mild Supination

Straight Last

25

Thomas Heel

Wedge Construction

For Extreme Supination

Pre-Walker

ORTHOPEDIC & PROSTHETIC

& . |
- ARCH PRESERVER |

J(MEDIC)

PRESCRIPTION SHOES
BUILT FOR SPECIAL NEEDS

In the complete Medic line, shoes are carefully designed
to meet every shoe prescription you may encounter. Some
basic designs are shown. But this is only the beginning.
Each shoe has been expertly constructed to allow the
widest possible latitude in adding necessary wedges and
supports as prescribed by the patient’s physician.

Medic shoes are not merely manufactured. They are built

. built with painstaking precision that may involve
more than 130 separate operations. Their quality is the
result of sparing nothing in time, effort or skill. Only
top-grade leather and other materials go into Medic
shoes. Many have special steel shanks to provide the re-
quired support where needed. The workmanship is
executed by many employees who have spent virtually
their whole lives in practicing the fine art of making
superior shoes.

Every year more leading orthotists and prosthetists carry
or recommend Medic shoes because they combine quality
construction with the most pleasing appearance possible.
And orders get immediate attention by us . . . they are
shipped the same day the order comes in. For full details
on how to stock or order Medic shoes, send us the
attached coupon or write on your own letterhead.

MEDIC SHOE MANUFACTURERS, INC.

1212 Wood Street, Phila. 7, Pa.

MEDIC SHOE MANUFACTURERS, INC.
Dept. MSM-7, 1212 Wood St., Phila. 7, Pa.

Send your full catalog and other data.

Office address,

|
|
|
I
|
l Name
|
|
|
|
|
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NO LEATHER LIKE JONES LEATHER

For Appliances and Artificial Limbs

AN

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

WRITE FOR SAMPLE CARDS AND PRICES
ON ALL ITEMS

THE JOSEPH JONES COMPANY

186 WILLIAM STREET NEW YORK 38, N. Y.

The ““ORIGINAL”’
WILLIAMS Lumbo-Sacral Flexion Brace

{Designed by Dr. Paul C. Williams)

"To reduce the lumbo-socral lordosis and thus
lift the weight from the posterior vertebral struec-
tures. 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 navel line)

3. Pelvic {Y2 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
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IDR KNEE BRACE

(Registered Trademark)

. . . GIVES YOUR PATIENTS
MAXIMUM KKNEE SUPPORT .

Safe sure support, highly endorsed as
protection in convalescent periods fol-
lowing knee injuries or recent knee
surgery. Excellent for weak and “trick”
knees. The IDR Brace has been recom-
mended by Orthopedic Surgeons for
use on football and basketball players
—both in practice sessmns and games.

The IDR Brace gives maximum sup-
port while allowing complete, natural
movement of the leg. It is exceptionally
lightweight, made of aluminum alloy
and top-grain cowhide with foam rub-
ber padding. Needs no adjustment. ..
just lace it up and tie it.

Fully guaranteed in workmanship
and materials.

Available in Sizes Small, Medium,

&%y
Order direct or from
SPORTING GOODS nearest Sporting Goods Dealer

—P or Orthopedic Supply

P. O. BOX 2266 e WICHITA FALLS, TEXAS e PHONE 767-1447

ADVERTISING DATA FOR AOPA PUBLICATIONS

Orfﬁopeclic anc[ /9 rodfﬁeﬁc ﬂpp[ianaz }ourna/

A Quarterly Publication
Which Includes in Its Mailing List Many
PHYSICIANS, SURGEONS, HOSPITALS, MEDICAL AND
REHABILITATION CENTERS
As Well as Members of the Limb and Brace Profession

A monthly bulletin for members of the Association
which carries Trade News from its advertisers and is
sent by first class mail to insure quick delivery.

RATES PER ISSUE:

Two-Column (72" by 4%2").... $90
Two-Column (3% " by 4%"). $55
Directory Box ... $15
Double Directory BOX.......... $30

Closing Dates: 10th of Month Preceding Issue
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> CUARDIAN |

SAFE-T-FLEX

SAFETY AND CONFIDENCE FOR
AlL WHO USE CRUTCHES

SAFE-T-FLEX — the newest, most advanced de-
sign in crutch tips by GUARDIAN, o name famous for
leadership In quality and design of crutch accessories.

Mo other crutch tip performs as SAFE-T-FLEX —

for it walks with the patient!
Swivel action of stem on base is one of many exclusive
features that provide scfe, instant, positive fraction.
Easy flexion of tip base accommodates angle of crutch
shaft eliminating edge rigidity and wecr present in
conventional lips — makes walking easier for crutch

vser,
Wm@ ‘S)Mm SAFE-T-FLEX virtually eliminates skids or trip-

ping as weight is distributed uniformly cover entire
contact surface throughout cycle of crutch motion.

No. 404 SAFE-T-FLEX Crutch Tip Boie diameter 2137 Height 3%"
Natural fan color. Fits sizes 18( %), 19 (%"}, and 20 [ 17} crutch shafts.

GUARDIAN PRODUCTS COMPANY

8277 Lankershim Blvd.
North Hollywood, California

YOU DON'T HAVE TO
USE YOUR FEET!

ENABLES THE HANDICAPPED
To Drive With EASE and SAFETY

Anyone unable to drive due to loss of hands, arms or
fags, rheumatism er arthritis can drive again with the
se of this precision-bullt mechanical hand centrol for
ars. MNo other like it. Hundreds of satisfied users.

Approved By
STATE HIGHWAY COMMISSIONS
GUARANTEED
Use a Handi-Drive for 30 days. Your
money back if not fully satisfled.
Write for Information
THE LEVERAGE HAND BRAKE COMPANY
P. O. Box 853 Farge, North Dakota

PAGE 330

SEPTEMBER, 1963



PNEUMATIC POWER
A/E SET-UPS

Another “‘first’ for Sierra, these 2
CO; powered units result from our ‘

constant search for ways to serve

the prosthetic profession and the

amputee.
All Sierra Adult Size A/E Shoul-
der Disarticulation and Interscapu-

lae-Thoracic Arms can be equipped

with the new Power Units.

They've been thoroughly tested
* and especially recommended for
Very Short A/E,Shoulder Disarticu-
lation and other amputations where

force and excursion are minimal.
Set-ups include Power Elbow

and Power Wrist, or Power Elbow

only. Power Wrist provides motive
power for Axial Control Hands
and Hooks.

AR -;‘53114_2:*« -ﬂa »

ENGINEERING CO.

PROSTHETIC DIVISION * SIERRA MADRE, CALIFORNIA
Distributors: So. Prosthetics = Otto Bock * Knit-Rite * Pel Supply

g
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You Can Depend On The Famous
Becker LOCKGRIP Hands
To Give The Amputee The Best In—

A Positive locking Hand — Precision Control — Smooth
Action to a Full 4-in. Opening — Adjustable Spring Tension
— Full 5 Finger Action, Easily Controlled — Natural in
Movement and Appearance. Can be Worn with All Makes

of Cosmetic Gloves.

Model B

Same Action as the Lockgrip with 4 Finger Opening with
Rigid Little Finger Anchored Into Base of Hand.

Plylite ~— The Laminated Wood Hand with the Fibre
Cored Fingers Locking or Nonlocking Thumb. Lockgrip —
Model B — Plylite Built in Sizes from 6 to 9.

D. B. BECKER CO.

152 W. Stevens St. St. Paul 7, Minnesota
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permql experience led to me

¥ o Chosh
Onhopedac Pre-Walkers, dvb-' 3
‘fool, open toe ond closed .
toe Siﬂ'gnmls."

“Chesbrough Pre-Walkers
mean
NEW business for you”

‘““Here are orthopedic shoes parents can afford.
. Orthopedic surgeons in 49 states and many
/5% foreign countries are now prescribing them.
;é 1 Spectacular sales figures prove it. This im-
portant referral business can be yours,

“When a child in my own family needed a
corrective shoe, I discovered what a strain it
can mean to a family budget, because 1) cor-
Tective 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.

No. 1400 OPEN TOE, Streight-line sym-
meirical last, firm heel, ne back seem,
Adaptable to Denis Browne Splints,

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

No. 1300 CLOSED TOE. Lace-to-toe
design permits snug, gentle fit, Per-
fectly smooth inside.

MAIL COUPON FOR SAMPLES “Our 63 vears of shoe-making experience
————————— e ——— — ————  resulted in corzective Pre-Walkers of scientific

G. W. CHESBROUGH co. | dpsign. expert workn_nanship, fine leathers com-

bined with orthopedically correct lasts to pro-
B i . R . N.Y. 5 T 5
797 W, Smith. Streel; Rochester6; N. Y vide necessary correction at an economical
price.”

All shoes in unlined white elk, sizes 000 to 4, narrow and wide.
Available in full pairs, split pairs or single shoes {no extra
charge for half pairs).

|
|
|
B B e e
|
|
|

|
|
|
I
ADDRESS . — — _——
|
1
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JEWETT / JEWETT
HYPEREXTENSION POST-FUSION
BRACE N

I B2

RIGID ADJUSTABLE LIGHTWE!GHT WASHABLE

RFOR SPINAL STABILIZATION AND PATIENT COMFORT

Prescribed by physicians and fitted by ethical appliance
dealers, the JEWETT HYPEREXTENSION BACK BRACE
is desigred and constructed to assure the desired
fixation of hyperextended vertebral column, while af-
fording the optimum patient comfort, hygiene and ADL.
SIMPLE QUICK MEASUREMENTS = EASY ADJUST-
MENTS m EFFECTIVE, COMFORTABLE FIT, BASED
ON ANTHROPOMETRIC SURVEY m SAME DAY
SERVICE m FRICE AND TRADE PROTECTED =

Fho EﬁB FLORIDA BRACE CORPORATION

l—— L B01 Webster Ave L Box 1366 = Winter Park. Fiarida . Ph 844.2650

rJ LJ]
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In the BEST interest
of your little patients—

You can prescribe the

BEST SHOE and the BEST BRACE...

EﬂIIIN[l VARUS, SURGICAI. NEW OFFSET SPLINT

Sabel Equino-varus and Surgical shoes keep the The re-usable offset splint fea-
foot in the exact position the physician has ob- tures a smooth hex-nut, recessed
tained. The open toe and floating tongue lets you and protected by the offset in
see that the foot is in the proper position, that the the bar. Doesn’t catch and tear
heel is well down in the shoe. The heavy cak sole bed clothing. The child can stand
stays flat under pressure of any type of night on the flat bar surface. The re-
splint. Sabel uppers and all materials used are of usable splint can be used over
the finest quality. and over again, reducing cost

...at the BEST combhined PRICE!
Sabel . . . the original name SABEL'S

in orthopedic shoes . . . plus
Fillauer splints offer you the
finest in quality and perform-
ance at the lowest cost to
your patients.

R. J. POTVIN SHOE CO., BROCKTON, MASS.
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Southern PROSTHETIC SUPPLY C0.

POST OFFICE BOX 7443
947 JUNIPER STREET, N. E. o ATLANTA 9, GA.

SCHOOL APPROVED WOOD BLOCKS
Kiln Dry Extra Thick Walls
For Every Purpose

For QUADRILATERAL Fittings

Shin Blocks

Ankle & Socket Blocks
For UCB

Balsa & Bass Wood
Components
Parts

Complete Legs

PRE SHAPED SACH FEET
Special Caucasian Crepe—Matches Plastic Leg Color
No Painting
All Types ' ;
Children

Women

Symes
Reversed Bolt - — Dt
UCB-PTB Adaptor Nut

EVERYTHING FOR THE PROSTHETIC MANUFACTURER
Fiber ° Wood Set-ups ® Leather . Plastics

MINNEAPOLIS ARTIFICIAL LIMB (0.

410 PORTLAND AVENUE o MINNEAPOLIS, MINN.
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THE AMERICAN ORTHOTICS AND PROSTHETICS ASSOCIATION
{Formerly the Orthopedic Appliance and Limb Mfrs. Assn.)
019 18th Street, Washington, D. C. 20006
Telephone: 296-1160

OFFICERS AND STAFF
Carlton E. Fillauer, President
Chattanooga, Tennessee

Robert C. Gruman, President-Elect
Minneapolis, Minnesota

Herbert J. Hart, Vice President
Oakland, California

Fred Quisenberry, Past President
Los Angeles, California

M. . Cestaro, Secretary-Treasurer
Washington, D. C.

Lester A. Smith, Executive Director
Washington, D. C.

Stockton V. Banks, Managing Editor
and Public Relations Assistant

HEADQUARTERS STAFF

Bertha A. Meiers, Ileana V. Fenyo,
and Annette Halldin

REGIONAL DIRECTORS

Region I—Joseph Martino, Boston,
Mass.
Region II—Mary 8. Dorsch, New

York City

Region III—Louis Pulizzi, Williams-
port, Pa.

Region IV—Louise Gillespie, Pensa-
cola, Florida

Region V—Durward R. Coon, Detroit,
Mich.

Region VI—William Scheck, Oak Park,
Illinois

Region VII—Erich Hanicke, Kansas
City, Mo.

Region VIII—David C. McGraw
Shreveport, La.

Region IX—Charles D. Neal, Los
Angeles, Calif.
Region X—Frank Moos, San Jose,

California

Region XI—William L. Bartels, Port-
land, Oregon

AOPA COMMITTEE ON ADVERTISING AND SUPPLIES

Armand Roy, Burlington, Vermont
Charles Dankmeyer, Baltimore, Md.
John Hinnant, Charlotte, N. C,
Howard Reinherz, Kenosha, Wisc.
Lucius Trautman, Minneapolis, Minn,

Charles Kymes, San Antonio, Texas
Edward L. Jachowski, Phoenix, Ariz.
Harold Lloyd, Reno Nevada

Lenart Ceder, Tacoma, Washington
Norris Menzies, Fredericton, Canada

AMERICAN BOARD FOR CERTIFICATION IN
ORTHOTICS AND PROSTHETICS, INC.

Richard G. Bidwell, C.P.O., President
Milwaukee, Wisconsin

Cameron B. Hall, M.D., Vice-President
Los Angeles, California

M. P. Cestaro, Secretary-Treasurer
Washington, D. C

Roy M. Hoover, M.D.
Past-President
Roanoke, Virginia

Richard H. Jones, M.D.
Minneapolis, Minnesota

George H. Lambert, Sr., C.P.O.
Baton Rouge, Louisiana

Theodore W. Smith, C.0.
Kansas City, Missouri

Chester C. Haddan, C.P.O., Consultant
Denver, Colorado

STAFF

LeRoy Wm. Nattress, Jr., Executive
Director, Washington, D. C.
Aileen Quin and Sharon Mae Fullerton




"PLASTISKIN" Perfection

CHILDHOOD through MATURITY |

Tenenbaum, Prosthetics

Manufacturers of Cosmetic Hands, Gloves, Fingers and

Partial Hands in the largest selection of color, size and types.

463-469 East 142nd Street, New York 54, N. Y.




