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the same clothes she used for the mormning
housework. Nor would she wear the same
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For the modern woman, who is also an am-
putee, Kingsley Mfg. Co. offers the opportunity to
continue her normally checkered lifestyle. A
complete line of womens’ sach feet with Natural
Toes™ for shoe styles from flats to stylish high
heels, in five heel heights, assures the active lady
the correct ensemble for any activity during her
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Kingsley has given these sach feet names, rec-
ognizable by all women and shoe salesmen, to
correspond to shoe styles with characteristic heel
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(89mm) heel height. These feet are also available
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Specify a set of coordinated feet to your next
lady amputee and watch her confidence grow as
she travels comfortably through her varied
schedule. After all, modern active women prefer a
choice.
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COSTAMESA, CALIFORMNIA 92628
[714) 645-4401 = (BOO) B54-3479
Cable Address: KINGFEET

\World's leading manufacturer of prosthetic feet with Natural Toes™




THE AMERICAN ORTHOTIC AND PROSTHETIC ASSOCIATION
OFFICERS

President—Gene C. Jones
San Francisco, California

President-Elect—
Joseph M. Cestaro, C.P.O.
Washington, D.C.
Vice-President—

Secretary/Treasurer—
Franklin M. Floyd
Wilmington, North Carolina

Immediate Past-President—

William B. Smith, C.O. Garvin D. Marty
Kansas City, Missouri St. Louis, Missouri

REGIONAL DIRECTORS

Region I-—Paul W. Guimond, C.O.
Manchester, New Hampshire
Region [I—Michael Lefton, C.P.O.

Woodstock, New York
Region III—Unfilled at press time Region IX—Eddie Rogers, C.P.O.
Region IV—Ted Thranhardt, C.P.O. Modesto, California

Atlanta, Georgia Region X—Daniel A. Leal, C.O.
Region V—Larry Gaskins Tucson, Arizona

Pontiac, Michigan Region XI—Gregory F. Scott, C.P.
Region VI—James A. Barney, C.O. Portland, Oregon

Evansville, Indiana

Region VII—Brad C. Rosenberger, C.P.O.
Lincoln, Nebraska

Region VIII—Bill Young, Sr., C.O.
Corpus Christi, Texas

THE AMERICAN ACADEMY OF ORTHOTISTS AND PROSTHETISTS
OFFICERS

President—Kurt Marschall, C.P.
Syracuse, New York

President-Elect— Secretary/Treasurer—
John N. Billock, C.P.O. David C. Schultz, C.P.O.
Cortland, Ohio Milwaukee, Wisconsin
Vice-President— Immediate Past-President—
Charles W. Childs, C.P.O. Wade L. Barghausen, C. P.O.
Medford, Oregon Columbus, Ohio

DIRECTORS

William C. Neumann, C.P.O.

Methuen, Massachusetts
J. Michael Young, C.P.O.
Brea, California
David W. Vaughn, C.P.O.
Durham, North Carolina

Robert E. Teufel, C.P.O.
Elizabethtown, Pennsylvania

Mark J. Yanke, C.P.O.
Akron, Ohio

George W. Vitarius, C.P.O.
Bronx, New York



BECKER
OTTO BOCK
BURLINGTON
CAMP
CAMPBELL-CHILDS
CASH MFG
DOW CORNING
DURR-FILLAUER
FOSTER MFG CO
GENERAL TIRE
GRIEVE CORP
HOSMER/DORRANCE
JOHNSON & JOHNSON
KINGSLEY
KNIT-RITE
LACAL SURGICAL
OHIOWILLOWWOOD
SAND-RITE
SMALLEY & BATES
SUTTON SHOE MACHINERY CO
TRUFORM
UNITED STATES MFG CO
USS CHEMICALS
VULCAN HART
WATERHOUSE LEATHER CO
H. WENIGER

FOUR LOCATIONS

ATLANTA-CHICAGO-DALLAS-ORLANDO

TWO FABRICATION LABORATORIES

ATLANTA — ORLANDO

Socetteere PROSTHETIC SUPPLY (0.

Customer Jervice.: National Toll Free $O0-24 7- 789.2




Meetings and Events

Please notify the National Headquarters immediately concerning additional meeting dates.
It is important to submit meeting notices as early as possible. In the case of Regional
Meetings, you must check with the National Headquarters prior to confirming date to avoid

conflicts in scheduling.

1984

May 13-19, Ninth International Congress
of Physical Medicine and Rehabilitation,
Jerusalem, Israel. Contact: Kenes, 29
Mamred Street, P.O. Box 29784, 61297
Tel-Aviv, Israel.

May 21-22, Louisiana State University Re-
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Durr-Fillauer Medical, Inc. Contact: Eu-
nice LeBlanc, Dept. of O&P, Louisiana
Medical Center, 2025 Gravier Street,
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70112; 504-568-6778.

May 24-26, AOPA Region V Annual
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Grand Rapids, Michigan.
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California Chapters of the Academy
Combined Annual Meeting, Lake Ar-
rowhead, California.

June 4-8, 15th World Congress of Re-
habilitation International on the theme
of “Information, Awareness, and Un-
derstanding for Integration of Disabled
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national, 432 Park Avenue South, New
York, New York 10016.

June 6-8, Electric Elbow Seminar, New-
ington Children’s Center, Newington,
Connecticut. Presented by Hosmer Dor-
rance Corporation. Contact: Catherine
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June 9-10, Florida Academy Chapter and
Florida Association Combined Meeting,
Holiday Inn Surfside, Clearwater, Flo-
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Second International Conference on
Rehabilitation Engineering, combined
with the 7th Annual Conference on Re-
habilitation Engineering, Congress
Centre, Ottawa, Ontario, Canada. Spon-
sored by the National Research Council
of Canada, the Rehabilitation Engi-
neering Society of North America, and
the Canadian Medical and Biological En-
gineering Society. Contact: Conference
Services, National Research Council of
Canada, Ottawa, Ontario, Canada K1A
0R6.

June 21-24, AOPA Region VI and the Aca-
demy Midwest Chapter Annual Com-
bined Meeting, Holiday Inn, Merrill-
ville, Indiana.

June 27-30, AOPA Regions VII, VIII, X,
and XI Combined Meeting, North Shore
Convention Center, Lake Coeur d’Alene,
Idaho.

September 30—October 5, 16th Congress of
the International Society for Orthopedic
Surgery and Traumatology (SICOT),
London, England. Contact: Conference
Services, Ltd., 3 Bute Street, London,
SW?7 3EY, United Kingdom.



October1-3, Discovery '84: Technology for
Disabled Persons, McCormick Inn, Chi-
cago, lllinois. Sponsored by University
of Wisconsin-Stout. Contact: Office of
Continuing Education, University of
Wisconsin-Stout, Menomonie, Wiscon-
sin 54751.
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and International Congress, Fontaine-
bleau Hotel, Miami Beach, Florida.
Contact: AOPA National Headquarters,
703-836-7116.

October 23-27, IFAS '84, the 18th Interna-
tional Trade Fair for Hospital and Medi-
cal Supplies, Zurich, Switzerland. Con-
tact: Joachim Schafer, Executive Direc-
tor, TEAM, P.O. Box 3092, 265 Varsity
Avenue, Princeton, New Jersey 08540.
Telephone: 609-452-2895.
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Wilmington, North Carolina.

May 2-4, AOPA Region V Annual Meet-
ing, Holiday Inn, Cleveland, Ohio.

June 7-9, AOPA Region IX, COPA, and the
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tional Headquarters, 703-836-7116.
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Use at the first sign of redness.
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comfort and promotes healing
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NEW! modular Roelite!

THE LIGHTWEIGHT
LOWER EXTREMITY

Hosmer has it!
Now patients young and
old have a lightweight
prosthetic systemn created
expressly for their needs.

Advanced Roelite.

Easy to assemble and use, RoeLite
is up to 50% lighter than most
modular lower-extremity sys-
tems—but gives nothing away in
terms of strength and long life.
RoelLite ideally suits those patients
who desire a lightweight pros-
thesis requiring minimum energy
while walking.

The new system offers still
another innovation—the Hanger
Alignment device—which at-
taches to the knee, ankle or socket,
making alignment adjustments
simple, secure and easy to control.

Thoroughly proven over years

of research & testing by the J.E.
Hanger Co. in England, RoelLite is
a trend-setting system under con-

PROSTHETIC SYSTEM.

tinual development. It provides
many options and variations—all
exceeding international stan-
dards for performance and
workmanship.

In addition, RoeLite is fully com-
patible with all modular systems
on the market—giving your
patients an even wider flexibility
of component selection.

For full details on this exciting
new system that significantly up-
grades patient stability and com-
fort, call or write your Hosmer
distributor today. Or contact us
directly.

Hosmer

Hosmer Dorrance Corporation

PQOBox 37

Campbell,CA 95008 USA.
“Rlephone: (408) 379-5151
Elex: 171561
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A New Concept in Orthotics—
The Northwestern University
Knee Orthosis System

Part II: The Complete Orthosis

Jack L. Lewis, Ph.D.
William D. Lew, M.S.
S. David Stulberg, M.D.

Carl M. Patrnchak, R.P.T., C.O.

George T. Shybut, M.D.

INTRODUCTION

As stated in an earlier report,! when an
orthosis is applied to the knee, it should,
hypothetically, allow a full, unrestricted
range of motion to occur, except at appro-
priate limits of motion where orthotic con-
straints are intentionally introduced. This
ideal situation is limited by the type of
available orthotic joints incorporated into
knee orthoses. When using orthotic knee
joints which are unable to follow the mo-
tion pathways of the natural joint, a tighter
fitting interface will magnify the pistoning
constraint due to the motion mismatch
between the orthotic and natural joint,
causing patient discomfort, motion re-
striction, and misalignment of the orthosis
(Lew, et al. (1982)2).

In the first part of this report, it was
shown that an improved orthotic knee joint
system was designed, which decreased the
pistoning effect by allowing the orthotic
joints to more closely imitate the natural
knee kinematics (Lewis, et al. (1983)%).
These semi-constrained, anatomically-
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shaped joints allow improvements in or-
thotic suspension to be realized, since a
tighter fitting orthosis with these joints
will not increase the pistoning constraint.

A second knee orthosis requirement is
that the orthotic interface should be de-
signed to compliment the function of the
orthotic joints, in the sense that the inter-
face should be able to be modified to
handle particular knee instability prob-
lems.

This report will contain a description of a
knee orthosis incorporating an improved
orthotic joint design, its biomechanical ra-
tionale, significant features of the fabrica-
tion and fitting process, and a description
of several case studies.

Figures 1-A through 1-D present four
views of the proposed knee orthosis with
“collateral” orthotic joints. The joint side-
bars are attached to the proximal and distal
interface components, which are in turn
circumferentially suspended in the thigh
and calf regions by broad straps. To insure
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Figure 1-A. Four views Figure 1-B. Lateral view.
of a representative com-
pleted orthosis with
collateral-type orthotic

joints—anterior view.

adequate fixation of the orthosis, the
interface components are accompanied by
a medial femoral suspension pad and a
proximal tibial suspension pad, each with
its own associated strapping arrangement.
Materials of the above orthotic components
vary with the application at hand, and will
be described later in this report.

BIOMECHANICS OF KNEE
ORTHOSIS SUSPENSION

A basic feature of the proposed orthosis
is the use of a “four-point” suspension
principle rather than a “three-point” fixa-
tion, as is commonly practiced in orthotics.
Three-point support is suitable for sta-
bilizing a joint if ligamentous integrity
and constraint exist across the joint, but is
inadequate with a ligamentous deficit,
which is frequently the case requiring the
application of a knee orthosis.

The limitation of the three-point fixation
system in the unstable knee is demon-
strated in Figures 2-A through 2-E. When

Figure 1-C. Posterior
view.

Figure 1-D. Medial view.

suspension forces are applied to a joint
(Figure 2-A) with a deformity (Figure 2-B},
the functional forces, and the moments
they create, will tend to bend and shear the
joint. With three-point support (Figures
2-C, 2-D), one segment of the limb can be
held in place at any one instant; however,
only one force remains to support the sec-
ond bony segment. Even though the point
of application of this force may remain
fixed, the limb segment can rotate about
the single support point, causing a shear-
ing or displacement motion at the joint,
which is the very motion that is to be pre-
vented. By contrast, as shown in Figure
2-E, a four-point fixation system will allow
two suspension points on each limb seg-
ment, thus controlling and preventing
motion of both segments.

The orthotic interface components and
strapping arrangement should be such
that, given an instability direction (such as
varus, valgus, anterior or posterior drawer,
rotational, etc.—any of which can be rep-
resented by the sketches in Figures 2-A
through 2-E), they are capable of being al-
tered in structure or position, to apply the
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Joint
(a)

(d)

Deformity
(b)

Three- Point Suspension

%

Three - Point Suspension
(c)

}.q

Four-Point Suspension
(e)

Figures 2-A through 2-E. Sketches representing the knee joint and lower limb segments: (A) with a deformity;
(B} showing the effect of a “three-point”; (C, D) a “four-point”; (E) orthotic suspension.
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four forces and resulting moments neces-
sary to provide stability or correct a defor-
mity, and control motion at the joint. De-
tails concerning the suspension compo-
nents of the proposed orthosis, together
with their application in the restraint of
various instabilities, will be presented
below.

SIGNIFICANT
FABRICATION FEATURES

A standard plaster negative impression
is taken of a patient’s lower limb. As the
plaster sets, constant pressure is applied to
the medial femoral supracondylar region,
so that the impression retains an accurate
description of the individual’s anatomy in
this area. An accurate impression of the
medial tibial flair region is also obtained.
The positive plaster impression is then
made and modified, with emphasis given
to the parallel buildups on both sides of the
knee, to ensure that orthotic joints are
parallel to each other and perpendicular to
the joint space. Sidebars containing the
orthotic joint designs are contoured to the
positive plaster impression, so that the
joint space of each orthotic joint is located
at the level of the natural joint space, mid-
way in the anterior-posterior plane of
the knee. In the completed orthosis, it is
intended to place the orthotic joints as
closely as possible to the natural knee joint.
Proximal and distal interface components
are fabricated by vacuum-forming a ther-
moplastic over the positive plaster impres-
sion. In this process, the orthotic joint
sidebars are mechanically thermobonded
to the interface, which is itself composed of
two layers of thermoplastic thermobonded
to each other. Using the medial femoral
supracondylar depression on the positive
plaster impression, a medial femoral sus-
pension pad is fashioned out of any possi-
ble number of materials (acrylic cement,
hard rubber, etc.), and is securely attached
to the proximal medial joint sidebar. Fig-
ures 1-A through 1-D present the four
views of a completed orthosis with “collat-
eral” orthotic joints. Details of several fea-
tures of the orthosis, as well as their ration-
ale, are described below.

INTERFACE SUSPENSION
IMPROVEMENTS IN THE
NU ORTHOSIS SYSTEM

Medial Femoral Suspension Pad

Figure 3-A. Inside view (posterior aspect) of the me-
dial femoral suspension pad. Note the thin layer of
padding covering the acrylic cement.

A common problem which occurs with
knee orthoses is distal slippage during
function. To provide additional resistance
to this slipping, the orthosis incorporates a
suspension pad in the medial femoral su-
pracondylar region. The basic geometry of
this medial femoral suspension pad is
shown in Figure 3-A, and its fabrication is
described in the previous section of this
report. This particular pad is made from a
cold-curing acrylic cement with a thin pad-
ded covering, although other materials such
as hard rubber can be used, depending
upon the clinical situation. The thickness of
the medial femoral pad can be varied. For
example, given a post-surgical or post-in-
jury condition with associated muscular
atrophy, the pad can be ground away and
resurfaced (decreasing its depth) as the vol-
ume of the thigh musculature increases
during the rehabilitative physical therapy
process.
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Figure 3-B. Outside view (posterior aspect) of the
medial femoral suspension pad and associated strap.
Note the pad and strap attachments to the inner and
outer surfaces of the medial orthotic sidebar, respec-
tively.

Figures 3-B and 3-C show that the medial
femoral suspension pad is securely attached
to the inner surface of the medial orthotic
joint sidebar. To insure that the medial fe-
moral pad is securely placed against the
temur, a strap whose origin is on the outer
surface of the medial orthotic joint sidebar
(Figures 3-B and 3-C) encircles the thigh
anteriorly (Figure 3-D), and reattaches over
the broad strap of the proximal interface
(Figure 3-E). Tightening this strap pulls the
thigh (medial femoral supracondylar re-
gion) against the medial femoral suspension
pad (Figure 3-E). The clinical significance of
the forces generated by this pad and strap,
as they pertain to the four-point suspension
system, will be described later in this re-
port.
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Figure 3-C. Medial femoral pad engages the medial
femoral supracondylar region.

Proximal and Distal Interface
Components

The design criteria for proximal and
distal interface components are that they
should be:

® rigid and strong enough to withstand

repeated functional loads, or correct
and hold a deformity

® lightweight

® unobtrusive and cosmetically accept-

able

® comfortable

® able to be modified to generate differ-

ent combinations of four-point sus-
pension forces
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Figure 3-D. Strap for the medial femoral pad encircles
the thigh anteriorly, pulling the thigh against the pad.

The proximal and distal interface com-
ponents of the majority of proposed ortho-
ses fabricated to date (particularly athletic
applications) consist of a copelymer, with a
composition of ten percent polyethylene
and 90 percent polypropylene. This type of
plastic has excellent rigidity, is light-
weight, and is a thermoplastic in that it has
good workability with vacuum-forming. A
completed orthoses using this co-polymer
weighs approximately one and one-half
pounds. For some non-athletic applica-
tions, an acrylic plastic with a rubber addi-
tive (Plexiglass-DR, Rhom, and Haas) is
used. This plastic is contact clear and high
impact resistant. A third type of interface
material, used in geriatric applications, is a
foamed polyvinyl chloride (Foamex, Alu-

v

Figure 3-E. Completed strapping arrangement for the
medial femoral suspension pad.

suisse Metals, Inc.). It is extremely light-
weight, yet has adequate rigidity.

Almost all of the orthoses fabricated to
date have been of the posterior opening
type (Figures 1-A through 1-D). As de-
scribed earlier, the proximal and distal
interface components are constructed by
vacuum-forming two layers of thermo-
plastic over the positive plaster impres-
sion, providing a rigid interface along with
a method of mechanically attaching the
orthotic joint sidebars (Figure 1-D). The
interface components are suspended cir-
cumferentially in the thigh and calf regions
by broad straps composed of gum rubber
with a leather backing. These straps origi-
nate (attached with rivets) just posterior to
the thermobonded sidebars, encircle the
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limb segments, and attach again via Vel-
cro® strips on the anterior surfaces of the
proximal and distal components. Note that
the straps avoid the popliteal region, in-
suring patient comfort. This plastic and
strapping arrangement provides for rigid
interface components, yet, because of the
strapping, the components can accommo-
date the volume changes of the lower limb
musculature during activities.

Because of the vacuum-forming tech-
nique, the trim lines of the proximal and
distal interface components can be modi-
fied to the specific clinical situation at
hand. Figures 1-A through 1-D show
typically-shaped interface components.
However, if the orthosis is intended to cor-
rect certain deformities, as will be de-
scribed in some of the case studies, the
proximal and distal interface component
trim lines can be altered, creating a more
broad or localized component, depending
upon the situation.

Proximal Tibial Suspension Pad

The proximal tibial suspension pad and
two associated straps are situated just
proximal to the distal interface component,
distal to the joint space (refer to Figure
4-A). The pad is fabricated by heat forming
Foamex (Alusuisse Metals, Inc.) over the
tibial tubercle region of the positive plaster
impression, and is attached with a short
strap to the lateral joint sidebar.

The first step in donning the proximal
tibial pad is to encircle the upper calf re-
gion with the top strap in Figure 4-A, such
that it passes posteriorly under the medial
joint sidebar (Figure 4-B), around the calf
and over the lateral joint sidebar, and at-
taches with Velcro® on the anterior surface
of the proximal tibial pad (Figure 4-C). The
bottom strap in Figure 4-A is then looped
around the medial joint sidebar (Figure
4-D), passed around the upper calf region,
over the lateral sidebar, and becomes at-
tached with Velcro® on the anterior surface
of the proximal tibial pad (Figure 4-E).

The force system generated by the
proximal tibial pad and straps in Figures
4-A through 4-E is shown by the cross sec-
tional sketches in Figure 5-A and 5-B.
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Figure 4-A. Proximal tibial suspension pad with two
associated straps. Note that the pad is attached to the
lateral orthotic joint sidebar.

Figure 4-B. The upper strap is the first to be secured,
as it is passed under the medial joint sidebar and
around the upper calf region.
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Figure 4-C. The upper strap continues around the
posterior calf, and passes over the lateral joint side-
bar. The upper strap is secured by a Velcro® bond to
the anterior surface of the proximal tibial pad.

When the pad is attached to the lateral joint
sidebar, and the top strap (the one which
encircles the calf itself) is tightened, the
pad and strap create a moment which
forces the tibial pad to pivot about the lat-
eral joint sidebar, displacing it posteriorly
and rotating it internally (Figure 5-A). The
bottom strap, on the other hand, acts to
hold the upper tibia in its neutral position,
providing a limit to the action of the top
strap. This type of arrangement would be
used on a knee with an anteriolateral insta-
bility (anterior cruciate-lateral capsule in-
sufficiency), since it would prevent this in-
stability by forcing the knee posteriorly
and into internal rotation.

If the strapping arrangement was such
that the proximal tibial pad was initially
attached to the medial rather than lateral
joint sidebar, tightening the top strap
would force the tibia posteriorly and rotate
it externally (Figure 5-B). This arrangement
would be used to restrain a knee with an
antero-medial instability (anterior cruci-
ate-medial collateral and/or medial capsule

Figure 4-D. The lower strap is initially looped around
the medial joint sidebar.

Figure 4-E. The lower strap is then passed around the
upper calf, outside of the lateral sidebar, and is se-
cured by a Velcro® strip on the anterior surface of the
proximal tibial pad. Both upper and lower straps are
properly attached in this photograph, securing the
proximal pad to the limb and orthosis.
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Figure 5-A. If the proximal tibial pad is attached to the lateral joint sidebar, tightening the upper strap in Figure
4-A—which encircles the calf itself—displaces the tibia posteriorly and rotates it internally.
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Figure 5-B. If the proximal tibial pad is attached to the medial orthotic joint sidebar, tightening the upper strap
displaces the tibia posteriorly and rotates it externally.




Jack L. Lewis, Ph.D.; William D. Lew, M.S.; S. David Stulberg, M.D.;
22 Carl M. Patmchak, R.P.T., C.0.; George T. Shybut, M.D.

insufficiency). Note that in this case, the
proximal tibial pad straps are applied in
the same way as described above, the only
difference being that the pad is secured to
the medial rather than lateral joint sidebar.

The following is an example of how the
proximal tibial pad can interact with the
other suspension components to provide
knee stability. If an orthosis is placed on a
knee with the objective of reducing an-
terior displacement of the tibia, the proxi-
mal tibial pad is placed anteriorly, as in
Figures 4-A through 4-E. The four-point
suspension forces generated by the or-
thosis are shown by the sketch in Figure
6-A. When combined with the anteriorly-

directed force of the distal interface com-
ponent, the posteriorly-directed force of
the proximal tibial pad creates a moment
which forces the tibia posteriorly, as well as
straightens the tibia, thus preventing it
from pivoting about the distal interface
component. The anteriorly-directed force
of the proximal interface component com-
bines with the posteriorly-directed force of
the medial femoral suspension pad (with
its strap encircling the thigh anteriorly,
thereby forcing the thigh posteriorly) to
create a moment controlling the motion
proximal to the joint. Thus, the above four
forces limit the anterior displacement of
the tibia and control the motion at the joint.

Four- Point Suspension Forces With
Proximal Tibial Pad Placed
Anteriorly

Figure 6-A. Four-point suspension forces generated by the orthosis to control anterior subluxation of the tibia.
Note the anterior position and subsequent posteriorly-directed force of the proximal tibial pad.
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Four- Point Suspension Forces With
Proximal Tibial Pad Placed
Posteriorly

Figure 6-B. Four-point suspension forces generated by the orthosis to control posterior subluxation of the tibia.
Note the posterior position and anteriorly-directed force of the proximal tibial pad.

If the orthotic objective was to control
posterior subluxation at the knee, the
proximal tibial pad can be placed poster-
iorly as demonstrated in Figure 6-B. The
sketch shows that the anteriorly-directed
force of the proximal tibial pad combines
with the posteriorly-directed force of the
distal interface component to create a mo-
ment which straightens the tibia and forces
it anteriorly. The posteriorly-directed force
of the proximal interface component com-
bines with the medial femoral pad’s an-
teriorly-directed force (obtained by its
strap encircling the thigh posteriorly),
controlling the motion proximal to the
joint. Thus, the above four forces limit the
posterior displacement of the tibia and
control the motion at the joint.

COMMON FITTING
MODIFICATIONS

Several modifications of the previously
described interface components can be
easily made at the time of fitting. The me-
dial femoral suspension pad can be re-
moved, and can be increased or decreased
in size depending upon the individual’s
musculature volume change. The co-poly-
mer thermoplastic of the proximal and
distal interface components can be easily
heated and flaired away from problem
pressure areas. The plastic can also be con-
veniently ground away for comfort consid-
erations. Note that the fit of the knee or-
thosis should be extremely intimate, and
the system was designed to be worn di-
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rectly against the skin. Given the fact that
the improved orthotic joints minimize the
pistoning constraint, tightly fitting inter-
face components insure a functionally effi-
cient and reliable knee orthosis system,
while at the same time providing for pa-
tient comfort and a cosmetically acceptable
result.

ORTHOTIC EVALUATION

To date, approximately seventy patients
have been fit with the orthosis. Subjective
results have been very satisfactory. A de-
tailed clinical evaluation is in progress, and
will be reported in the future. We are also
attempting to develop more objective or-
thotic evaluation criteria, based upen both
clinical and mechanical (laboratory) eval-
uations. To provide some idea of the types
of patients being fit in this series of clinical
trials, as well as their early results, a de-
scription of several case reports will follow.

CASE STUDIES

Case #1: A twenty-two year old female
collegiate basketball player sustained an
acute injury to the anterior cruciate and
medial collateral ligaments of her left knee.
She underwent surgery, having an arthrot-
omy, a medial collateral ligament repair, a
pes anserine transfer, and a medial meni-
sectomy. We evaluated her at a point in
time nine months post-surgery. Her af-
fected knee exhibited anterior laxity, an
antero-medial rotatory instability, and a
valgus deformity, but had a negative pivot
shift test. The orthotic goal in this case was
to stabilize her chreonically unstable knee
resulting from her injury and repair sur-
gery.

She was fit with an orthosis with a hy-
brid combination of anterior cruciate and
collateral ligament straps (Figure 7). The
three collateral straps limited her valgus
instability throughout the flexion range,
and the one anterior cruciate strap (which
tightened at 45 degree flexion) limited the
anterior displacement in her knee. In the
sagittal plane, the interface components

and strapping resisted the anterior dis-
placement of the tibia by generating the
four-point suspension forces shown in
Figure 6-A. Since an antero-medial rotat-
ory instability was present (tibia internally
rotates), the proximal tibial suspension
pad was attached to the medial orthotic
sidebar, similar to that shown in Figure
5-B. Thus, tightening the proximal tibial
pad straps pre-positioned the tibia in ex-
ternal rotation, limiting the antero-medial
instability. After being fit with the ortho-
sis, the patient has been able to resume
vigorous athletic activity, including bas-
ketball, while wearing the orthosis.

s -l s 4
Figure 7. An orthosis for the patientin Case Study #1,
providing correction for her antero-medial rotatory
instability. Note the hybrid ligament strap combina-
tion (three collateral straps and an anterior cruciate
strap which tightens at 45 degrees of flexion), as well
as the use of the co-polymer thermoplastic.
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Case #2: A twenty year old male (6'-
514", 240 1bs.}, who plays basketball for a
local university, injured his right knee
when he went up for a rebound, and came
down off-balance while simultaneously
being hit by another player. An examina-
tion revealed an antero-medial rotatory in-
stability, with a possible anterior cruciate
injury.

At a later date, he reinjured the same
knee, this time sustaining a partial tear of
the medial collateral and anterior cruciate
ligaments. He was put in a long leg cast, a
prepatory orthosis, and finally, after some
knee rehabilitation, the definitive orthosis
shown in Figure 8.

Figure 8. The definitive orthosis for the patient in
Case Study #2. The orthosis is the same basic design as
in Figure 7.

The construction of the orthosis is the
same as that for the patient in the first case,
with the hybrid anterior cruciate-collateral
ligament straps being used. The patient
has been able to resume his athletic ac-
tivities since being fit with the orthosis.
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Case #3: A fifteen year old female sus-
tained a torn left posterior cruciate liga-
ment from a “dashboard injury”” during an
automobile accident. The torn posterior
cruciate was surgically repaired by a mod-
ified Jones procedure.

The patient also developed a large pres-
sure sore on her mid-posterior calf from the
postoperative cast. The orthotic objective
in this case was to prevent knee motions
and loads which would load or disrupt the
posterior cruciate repair, thus protecting it
while it heals, and allowing the patient to
undergo a physical therapy program.

The patient was initially fit with a pre-
paratory orthosis (described below) with
posterior cruciate orthotic joints. The pre-
paratory orthosis allowed the patient to
complete a physical therapy program, re-
building her lower limb musculature, and
provided stability while normal walking
was restored. The orthosis was initially fit
so as not to impinge upon the pressure sore
region, allowing it to rapidly heal.

Four months postoperatively, as her
musculature volume increased to near
normal, she was fit with a definitive pos-
terior cruciate orthosis (Figure 9). The
posterior cruciate orthotic joints were used
in conjunction with the posterior place-
ment of the proximal tibial pad, and nor-
mal posterior-opening proximal and distal
interface components. Note that the inter-
face material for this non-athletic applica-
tion is Plexiglass-DR. The patient was soon
able to resume many daily functional ac-
tivities while the ligament repair con-
tinued to heal.

The preparatory orthosis mentioned in
the above case study is intended to provide
stability during the period between the
plaster fracture orthosis and a definitive
knee orthosis. As shown in Figure 10, the
preparatory orthosis is fabricated by
wrapping a set of orthotic joints in a tem-
porary interface material such as Scotch-
Cast (3M Company). The proximal tibial
suspension pad is also included. This type
of orthosis is used in situations (post-sur-
gical or post-injury) in which the lower
limb musculature has atrophied, and when
the patient will subsequently undergo
physical therapy. During this time, the
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lower limb musculature will increase in
volume with the therapy, thus making it
impractical to fabricate several “defini-
tive” orthoses during this relatively brief
period. Instead, the preparatory orthoses
are easily, cheaply, and reliably applied as
needed, as the musculature volume
changes, with the patient being fit with the
definitive orthosis only when the lower
limb has stabilized at its normal geometry.

Case #4: A twenty-one year old male
sustained a hyperextension-type injury to
both knees. Examination of his left knee
revealed a fracture of the medial tibial pla-
teau, and an antero-lateral rotatory insta-
bility. His right knee exhibited both an-
tero-lateral and posterolateral rotatory in-
stabilities.

Figure 9. Posterior cruciate orthosis design for the
patient in Case Study #3. Note the posterior cruciate
orthotic joints (ligament straps), and the posterior
position of the proximal tibial suspension pad. The
four-point suspension in this case is the same as in
the sketch of Figure 6-B. The interface material used
was clear Plexiglass-DR.

Figure 10. A typical prepatory orthosis design using
ScotchCast (3M Company), incorporating collateral
orthotic joints and an anteriorly-placed proximal
tibial pad.

The patient underwent surgery, having a
partial medial menisectomy of his right
knee, as well as a repair to the anterior
cruciate ligament and posterolateral cap-
sule of the same knee. The orthotic objec-
tive for his right knee was post-surgical in
nature; that is, preventing the repaired
structures from becoming loaded. Since
the patient also presented with a marked
posterior instability, a special distal inter-
face was fabricated and used in conjuction
with an anteriorly-placed proximal tibial
pad and posterior cruciate ligament straps
(Figures 11-A and 11-B). The distal inter-
face was closed both anteriorly and pos-
teriorly, keeping the knee in its neutral
anterior-posterior position during flex-
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Figure 11-A. The definitive orthosis for the sub-
jectof Case Study #4. Note the anterior position of
the proximal tibial pad, the fact that the distal
interface is closed both anteriorly and posteriorly,
and the presence of the posterior cruciate ligament
straps.

ion-extension, and allowing the repaired
tissue to heal. The proximal tibial pad was
attached to the lateral orthotic sidebar, re-
straining the anterolateral instability as
shown in Figure 5-A. The patient also
eventually received a conventional pos-
terior-opened orthosis with collateral
ligament straps to provide restraint for the
chronic antero-lateral rotatory instability
in his left knee.

DISCUSSION

We have applied our knee orthosis to a
wide range of patient problems, including
those with chronic ligamentous laxity,
post-traumatic instability, postoperative

Figure 11-B. Posterior view of the orthosis for the
patient in Case Study #4.

ligamentous reconstructions, patients with
total knee replacements, post-polio appli-
cations, as well as others. These probably
represent the spectrum of potential users of
knee orthoses. The results to date have
been quite satisfactory. There have been
complaints common to all knee orthoses,
such as cosmesis and inconvenience, but
generally, the clinical results have fulfilled
our design expectations of a tighter fitting,
more functional orthosis, by virtue of the
improved anatomically shaped orthotic
joints. Subjectively, results have been bet-
ter than our previous experience with other
commercially available orthoses. A formal
clinical evaluation will be reported in the
near future.
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Ottawa Experience With Hip
Disarticulation Prostheses

Tony van der Waarde, C.P. (C), F.C.B.C.

INTRODUCTION

By far the greatest rejection rate among
prosthesis users in the group of lower
limb amputees is that of the high level
amputee, i.e., very short above-knee, hip
disarticulation, and complete or incom-
plete hemipelvectomies (or trans-pelvis
amputations). In order to assess the state of
the art in these categories, a study was in-
itiated in 1980 among patients who had
failed to gain satisfaction from their pros-
theses and had ultimately resorted to am-
bulation on crutches rather than be re-
stricted by ungainly and awkward artificial
limbs.

Numerous letters written to well-re-
spected prosthetists, physicians and re-
habilitation engineers around the world
solicited opinions on the apparent lack of
success in fitting these clients. After com-
piling the data from these sources, and an
extensive literature search, no definitive
protocol or fitting technique emerged to be
used as a base for further development
(Figure 1). As well, direct patient feedback
on a number of prosthetic designs with
readily available combinations of pros-
thetic joints and socket materials showed
no apparent increase (or decrease) in
prosthetic use by amputees.

In 1982, several amputees were again
fitted with slightly different combinations
of components and sockets. Through the
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use of questionnaires, speaking to other
professionals in the field, and client feed-
back, a pattern began to develop which
identified the areas of greatest concern to
the patient. Some of these were as fol-
lows: socket discomfort, mobility, weight
of prosthesis, insecurity, and energy ex-
penditure.

Figure 1. Hip disarticulation prosthesis fabricated in
Japan (Yaesu-Labour Corp.) consisting of a diagonal
pelypropylene socket and knee rotator and adjusta-
ble multiaxial foot.
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METHODOLOGY

Utilizing the rehabilitation engineering
gait laboratory of the Royal Ottawa Re-
gional Rehabilitation Centre, angle-time
diagrams from hip, knee, and ankle joints
were recorded by electrogoniometers;
graphs were plotted by a PDP11 computer
to focus on such concerns as mobility,
speed, and energy expenditure. The same
was done for step length, force displace-
ment, and weight distribution as recorded
by a force platform. A split image video
recording projected the patient simultane-
ously from a lateral aspect as well as from
an anterior or posterior view. This latter
feature was extremely helpful in analyzing
the various stages of the gait cycle, as the
recording could be replayed frame by
frame.

The amputee also found viewing the
video tapes helpful in understanding why
he/she walked in a certain fashion. Once
taught how to correct these gait faults, the
individual did so quite readily. By cross
examining both video recordings and
computer graphs, the prosthetist was able
to align the prosthesis more accurately.

The amount of energy expenditure re-
quired to walk (at a standard walking rate)
while wearing different prostheses can be
measured by an oxygen consumption
analyzer. By measuring energy expendi-
ture, it has been observed which type of
prosthesis requires the least oxygen con-
sumption. This observation should affect
future prosthetic designs.

AREAS OF CONCERN

® Socket Discomfort

The location of greatest pressure is usu-
ally on the ischial tuberosity where most of
the weight is borne, both in walking and
sitting. Most conventional sockets with
rigid or semi-rigid polyester laminations
or thermoplastics are only slightly padded
with felt, PELITE or leather in this area. In
some cases, weight was borne in the sym-
physis pubis area which resulted in an ab-
ducted gait and awkward sitting positions
(Figure 2).

Figure 2. Standard Otto Bock design with 7E4 hip
joint, semirigid acrylic laminated socket, showing
significant distance between the ischial tuberosity
and the bottom of hip joint mechanism.

Patients complained of skin breakdown,
heat rashes and general discomfort. They
also complained of problems from the
proximal socket rim which tended to dig
into the lower ribs during sitting and
bending, usually leaving large bruises.

Some of these complaints were overcome
by using rubberized sockets fabricated
from various commercial RTV silicone
rubbers, e.g., IPOCON* or ORTHOSIL*.
Some custom socket changes to create dif-
ferent weight-bearing areas i.e., below the
iliac crest, proved satisfactory in several
cases. Further studies need to be done to
fully assess the advantages and disadvan-
tages of the use of these materials (Figures 3
and 4).

® Mobility
Lack of mobility can lead to painful and

embarrassing situations. Most patients
complained of the necessity of thoroughly
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Il

Figure 3. Silicone socket indicating the amount of
flexibility.

Figure 4. Indicating the deformation of the rubber
socket in extreme trunk bending position.

planning ahead, once away from their
familiar home or working environment.
Within the area of mobility, two concerns
arise for the amputee—velocity and ma-
neuverability.

Most amputees are quite adept at crutch
walking and can cover a larger distance in a
shorter period of time on crutches than by
walking with their prostheses. In anumber
of cases, to encourage prosthesis use, spe-
cial hip and knee extension assists were
used to increase the velocity of walking.
However, new but undesirable elements
were brought into play by these adapta-
tions. These additional features were
eventually rejected by all patients (Fig-
ure 4).

Maneuverability is a daily problem en-
countered by hip disarticulation patients
on a large scale. Some of these problems lie
in the type of terrain covered, lack of space
to maneuver, and the motion of sitting and
standing.

® Weight of Prosthesis

The average weight of the hip disarticu-
lation prosthesis varies from four to nine
kilograms—depending on the additional
optional extras in the prosthesis—which is
generally deemed acceptable. The use of
torque absorbers, 4-bar linkage hip and
knee joints, and multi-axial feet all add
significantly to the overall weight. The
selection of lighter materials for the com-
ponents as well as for the socket is of great
importance.

® [nsecurity

The fear of falling unexpectedly is a great
concern to most hip disarticulation am-
putees. Despite the use of mechanically
sophisticated hip and knee joints, using
self-locking and braking mechanisms, ex-
tension assists propelled by springs,
pneumatic or hydraulic cylinders, insecu-
rity still remains with the patient. The use
of more than one prosthetic foot with vari-
ous heel heights and/or the use of a T-han-
dled Allen key can alleviate the problem of
maintaining proper alignment to a certain
extent, when changing heel heights of
footwear.

Testing the stronger muscle groups in
the pelvic region has produced good myo-
sites to explore the possibility of voluntary
joint control in the hip and knee joints.
Investigations by various researchers are
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Figure 5. Otto Bock 7E4 hip joint with hip flexion bias
system (HFB) added for initiating hip flexion.

dealing with this issue. Presently, no
motor-drive units or other safety mecha-
nisms are commercially available for us to
test this feature at the present time.

® (psmesis

Cosmesis plays just as important a role as
the mechanics of the prosthesis. Most en-
doskeletal prostheses offer a much better
cosmetic appearance than exoskeletal de-
signs. However, there are still some draw-
backs with both designs. The socket area
enveloping the entire pelvis adds signifi-
cantly to the hip and waist circumference.
The distortion of the hip area from stand-
ing to sitting should also be considered in
redesigning the total shape. The appear-
ance of the sitting position was also im-
proved by levelling the pelvis through the
use of two new hip joints (See Figures 5 and
6). Most of our test patients were either
fitted with the Otto Bock 7B7 or 3R21 joint.
Undesirable noises produced by some
joints as well as foam covers are presently
under investigation.

Figure 6. Otto Bock components: 7E7 hip joint, SR20
knee joint and Teh Lin multi-axial foot.

TECHNICAL
INFORMATION ON
PRESENT DESIGNS

In the early stages of the project, our
main concern was to make the socket as
light and thin as possible using 100 percent
flexible acrylic resins with lay ups consist-
ing of perlon, nylglass and fiberglass rein-
forced tricot as well as fiberglass matte.
These sockets were up to 50 percent lighter
as compared to those done by the standard
methods of fabrication. However, the pa-
tients did not give any definitive response
as to whether this actually produced any
advantages.
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Figure 7. Otto Bock components: 3R21 hip joint, 3R20
knee joint and 4R39 torque absorber, with a 1A13
Greissinger foot.

The next stage was the incorporation of
silicone gel pads on top of or in between
the plastic laminations. Some felt some-
what more comfortable, but the slight ele-
vation in sitting proved an additional
negative factor. Thermoplastic sockets
made of surlyn and polypropylene were
also attempted, but without conclusive
evidence that we were on the “right track.”
It was not until I received a letter with
photographs from Dr. Hannes Schmidl in
Bologna, Italy, that we seriously consid-
ered fabricating rubberized sockets. The
standard Dow Corning #3110 was initially
used in doing a 3-part lamination.

First, we did the “inner” socket with six
layers of perlon stockinette; then a partial
rigid acrylic with fiberglass and perlon
lamination incorporating the hip joint
hardware. Finally, the third lamination
was done similarly to the first one. An an-
terior opening with an internally “builtin”
tongue was obtained. However, after only
a short trial period, the separate lamina-
tions became detached from each other.
Several other combinations were attemp-
ted, since the initial patient feedback on
the rubberized sockets was extremely en-
couraging.

Our present design is done in two parts
(Figure 7). The first one, in six layers of
perlon and carbon fiber containing the hip
joint hardware, is done over a PVA bag
under which are six layers of perlon stocki-
nette next to the cast.

This lamination is trimmed to the ap-
propriate size and shape and replaced on
the mold in between the first and second
layer of six perlon stockinettes. The rigid
plate is previously coated with silicone ad-
hesive which is allowed to cure for two
hours.

The second lamination is done with
IPOCON rubber using a posterior open-
ing. The location and size of the tongue is
very critical. Instead of usmg Velcro® type
fasteners, we use three FixlockT clasps with
webbing fastened to the socket with plastic
rivets (Figure 8).

Figure 8. Finished prosthesis with silicone rubber
socket and “Fix-Lock’ fasteners.
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Several other room temperature vul-
canizing materials have been tried, in-
cluding Orthosil, which proved too
“floppy” and heavy for our needs.

The initial advantages of the rubber
were:

1. Increased freedom of movement in all
directions without increasing insta-
bility.

2. Increased total contact in sitting,
standing or lying down, giving the
patient more overall comfort.

3. Increased suspension through the
high friction coefficient of the rub-
berized inner surface.

The initial disadvantages of the rubber

were:

1. Increased overall weight of the pros-
thesis.

2. Increased heat retention, causing per-
spiration.

3. Clothes sticking to the outer surface of
the socket.

4. Difficulty in making alterations or
doing repairs.

SUMMARY

These independent findings form a basis
for further investigation into priorities for
the redesign of hip disarticulation prosthe-
ses in which the wearing of the limb will be
optimized and normalized (Figure 9).

I want to give a special word of thanks to
the many colleagues who have participated
in sending information, in most cases not
published yet, on their own recent at-
tempts to improve the hip disarticulation
prosthesis. A special thank you to Mr. B.
Wester and Mr. P. Tiul whose article dealt
with pure speculation, which in our esti-
mation has proven to be very helpful in
proving that a knee joint can be success-
fully used as a hip joint.

Some of the patients referred to us were
initially fitted outside our geographical
area. Once they had returned home, they
were referred back to their original pros-
thetists, to whom we sent as much infor-
mation as possible to help them become
familiar with their patient’s new prosthe-
ses.

—— = :
Figure 9. Increased comfort is achieved in walking as
well as in sitting.

It is anticipated that at the end of 1985 a
“hands-on” seminar will be organized to
invite as many interested prosthetists (and
patients) to participate in an information
exchange clinic in Ottawa. This study is
still in its infancy and the author intends to
publish updates at regular intervals to keep
the prosthetic field informed.
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The Thoracic Suspension Jacket—
Review of Principles and Fabrication

Carlton E. Fillauer, C.P.O.
Charles H. Pritham, C.P.O.

Apparently, the first reference to the
Thoracic Suspension Jacket was in an arti-
cle by Siebens? in 1972. Since then, consid-
erable experience with it has been amassed
at Newington Children’s Hospital and
other localities as described by Siegfried
Paul, C.P.O., (E), »*® James C. Drennan,
M.D.**¢ and others. Durr-Fillaur’s in-
volvement began in 1974, and over the
years, simplified fabrication procedures
using prefabricated components adaptable
to wheelchair use or other sitting accom-
modations have been developed.

There have been frequent requests from
orthotists for information relating to it. It is
hoped that this article will at least partially
fulfill the need.

DESCRIPTION

The Thoracic Suspension Jacket is a cus-
tom molded Thoraco-Lumbo Sacral Ortho-
sis with an anterior opening and a PE-
LITE" lining. The portions under the an-
tero-lateral aspect of the costal margins are
indented to provide shelves on which the
ribs rest and the inferior edge is trimmed
higher than usual for sitting comfort. Sus-
pension lugs are secured to the right and
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left sides of the jacket and hangers are sec-
ured to the back uprights of the wheelchair
on which the jacket is suspended. Adjust-
ing the height of the hangers and clamps
permits the amount of weight borne by the
thorax to be increased or decreased. By this
means, the distractive effect of the lower
portion of the body can be used to extend
the spine and/or the buttocks, and other
pressure sensitive areas can be relieved of
superincumbent weight.

INDICATIONS AND
CONTRAINDICATIONS

Drennan*® has described the orthosis as
being indicated for individuals with para-
lytic spinal deformity for whom surgery,
for whatever reason, (immature skeletal
growth, life threatening complications,
etc.) is not contemplated. He has described
the objectives as:

® arrest or correction of spinal deformity

® improvement of sitting balance

® freeing of the arms from the role of

trunk supports

® improved appearance and body lan-

guage

® increased independence and mobility
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® improvement of respiratory function

® relief of pressure and decubiti over the
ischial tuberosities and sacrum

¢ relief of back pain

He cited prerequisites to success as
being:

e willing patient and family coopera-

tion

® presence of a skilled and experienced
team including orthotist, physician,
therapists, and nursing staff

Surprisingly enough, Drennan stated
that anesthetic skin, with appropriate at-
tention to detail and follow up, had not
been a problem and that patients without
sensation had developed tolerances of up
to 10-12 hours. While adequate hip flexion
for sitting is essential, it was found that
fixed pelvic obliquities and dislocated hips
could be accommodated.

Relative contraindications creating prob-
lems (and in some case failure) were listed
as:

1. uncooperative family and patients.

2. hipjoint stiffness with inability to sit.

3. severe athetoid cerebral palsy or se-
vere involuntary movements.

4, gross obesity, as the underlying
structures are difficult to grasp and
the load imposed may be more than
the skin can tolerate.

5. Cachexia (condition of general wast-
ing marked by extreme thinness and
muscular atrophy). Patients tended to

Figure 1. Cast with casting rod in place, posterior
view.

“slip through” the orthosis; espe-
cially those with muscular diseases
and progressive weight loss and atro-
phy.

In a similar vein, Robin Black” has listed

as complicating factors:

1. severe spinal deformity leading to
unequal loading on the rib cage and
reduced tolerance time.

2. obese individuals.

3. patients with ileostomies.

4. poorly motivated patients.

FABRICATION

The negative impression is made in the
usual fashion. The patient mey either be
positioned supine on a Risser table and
wrapped circumferentially or positioned
prone on the end of an ordinary fitting
table with the knees flexed for casting in
two steps with splints. In this latter in-
stance, use of the Durr-Fillauer Pelvic
Casting Fixture may prove helpful. What-
ever technique is used, flexible curves
should be corrected, and the space superior
to the iliac crests and inferior to the costal
margins should be indented in the usual
manner. Before removal of the negative
impression, the patient should be posi-
tioned straight, keeping in mind the
eventual sitting posture, and anterior and
lateral center lines drawn.

Following removal of the negative im-
pression from the patient and closure, the
suspension points are identified as de-
picted in Table 1. While the method of
clamping the hanger rods to the wheelchair
gives considerable adjustability, the sus-
pension points should be located as accu-
rately as possible, taking into account such
things as decompensated curves and
eventual sitting position. Once the sus-
pension points are located, /4" holes are cut
in the negative impression and the lubri-
cated casting rod is positioned in them
(Figures 1, 2). The negative impression is
poured in the usual fashion, the rod is then
removed (leaving a clear channel through
the positive model), and the cast is re-
moved from the positive model.

The positive model is smoothed and
modified in the usual manner. Drennan’
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TABLE T

LOCATICN OF SUSPENSION LUGS

In the presence of severe
rotation, more anterior
position may be necessary

TRANSVERSE VIEW

MIDLINE

A| W

SAGITTAL VIEW

MIDLINE

FRONTAL VIEW

/—N—Trimmed as usual

In instances of severe rotation,
alignment should be a compromise
between the pelvic and thoracic

sections

has recommended building up the areas
superior to the costal margins to give room
for chest expansion and respiration. Simi-
larly, he has advised removal of plaster in
the upper abdominal area to provide hy-
draulic resistance to contraction of the dia-
phragm and thus again aid chest expansion
and respiration.

The modified positive model is prepared
for vacuum forming and covered with a
layer of 5mm A8 ventilated medium den-

N

Trimmed higher than
usual for sitting
comfort

sity PE-LITE (Figure 3) with an anterior
opening. For several years the suspension
lugs were mounted on anchor cups fabri-
cated of aluminum and rigid polyurethane
foam. Recently a quicker and more efficient
means of mounting the suspension lugs
has been devised.

The PE-LITE cup, adapter nut, and the
rest of the components of the lug mount are
assembled on the alignment rod as shown
in Table 2.
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TABLE @I

EXPLODED VIEW OF ALIGNMENT ROD
AND LUG MOUNT COMPONENTS

ADAPTER NUT

CUPPED GERRATED WASHER —

EXTRA FIRM (A-30)
PE-LITE CcuP

WASHER

ALIGNMENT ROD

39
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Figure 3. Anterior view of model with PELITE and
casting rod in place.

The alignment rod is inserted in the hole
previously provided by the casting rod
(Figure 4) and the amount of PE-LITE to be
removed is identified by measurement
(Figure 5).

The PE-LITE cup is trimmed so that it
makes even contact with the surface of the
positive model and protrudes no more than
12" When properly contoured, the PE-
LITE cup (Figures 6, 7) is filled with Rapid-
cure’ and repositioned on the positive
model in proper alignment (Figure 8).
Once the acrylic compound reaches a stiff
dough-like consistency, it is faired into the
surface of the PE-LITE using a fingertip
dipped in the methylmethacrylate catalyst.
Once the lug mounts are properly shaped
and secured in place, the alignment rod is
removed (Figure 9) and the positive model
is vacuum formed with ¥1s” polyethylene.

When the polyethylene has cooled, the
threaded holes in the lug mounts are ex-
posed using a ¥" drill (Figure 10) and a
%h6"-18 tap is used to clear the threads and
properly align the hole (Figure 11) in the
polyethylene.

The areas about the holes are heated
(Figure 12) and the suspension lugs se-
curely screwed into position (Figure 13) so
that the plastic forms flat seats about them.
Trimlines are drawn on the orthosis (Fig-

Figure 4. Lug mount assembly and alignment rod
inserted in hole in model.

Figure 5. Amount of material to be removed is
measured and marked.

ure 14) and it is removed from the positive
model and finished as usual.

The clamp assemblies and hanger rods
are secured to the chair horizontally (Fig-
ures 15, 16, 17) to provide appropriate posi-
tioning of the orthosis in the wheelchair. While
rotation of the clamp assemblies on the
uprights of the wheelchair provides consid-
erable adjustability, modification of the han-
ger rods may be necessary. Although the tho-
racic suspension orthosis is generally adjusted
so as to relieve the buttocks of the patient’s
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Figure 6. (Left) Mixing methylmetacry-
late to fill the PELITE cup.

ki

Figure 7. (Right) Cup filled with Rapid-
cure. Model has been positioned upside
down in pipe vise.

Figure 8. (Left) PELITE
cup held in place until the
methylmetacrylate sets.
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Figure 9. The alignment rod is removed from the lug Figure 10. Drill used to open up the holes in the
mount after the edges are faired into the contours of polyethylene over the lug mounts.
the model.

Figure 11. A tap is used to clear the threads and align Figure 12. Heating the areas about the holes.
the holes.
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Figure 13. Securing the suspension lugs in place
while the polyethylene is soft.

Figure 15. The distances between the two suspension
lugs is measured.

Figure 16. With that measurement as a guide, the
clasp assemblies are installed on the chair.

Figure 14. Orthosis with suspension lugs secured in
place and initial trimlines cut and smoothed.

Figure 17. Finished orthosis mounted on the chair.
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weight, it may also be used for stabilization
of the torso without weight-bearing.

BREAK-IN PERIOD AND
FOLLOW UP

Drennan and Black*%®%7 agree that
wearing tolerance should be built up very
gradually over a period of several weeks.
The goal is that in 2-3 weeks time, the pa-
tient can use it for a full day with periods of
relief from suspension. Drennan recom-
mends hospitalization for this period of
tolerance building and discharge once the
patient can tolerate suspension for two
hours out of four. Obviously, success de-
pends on willing, intelligent cooperation
of the patient and family.

The orthosis should be used daily to
maintain tolerance, the skin should be in-
spected daily, and care should be taken to
avoid wrinkles in undergarments worn.
Areas of redness that do not clear after 20
minutes should be brought to the attention
of the orthotist for appropriate action. Pa-
tients should not be transported in suspen-
sion, as the jarring motion can cause dis-
comfort and skin breakdown. Drennan*®
has reported that new orthoses were neces-
sary on the average of 15 months after ini-
tial fitting, with a readmission to the hos-
pital of about three days.

RESULTS

In 1979, Drennan’ reported the results of
62 patients fit since 1972. The suspension
orthosis was prescribed most frequently
for spina bifida, cerebral palsy, Duchenne
muscular dystrophy, spinal muscular atro-
phy, trauma, and various other conditions.
Patients ranged in age from 14 months to 26
years. Five instances of failure were de-
. scribed and attributed to: lack of coopera-
tion, obesity, hip joint stiffness, severe
athetoid cerebral palsy, and extreme and
progressive cachexia.

Similarly in 1975, Robin Black? described
the results of fitting over a dozen children
with spina bifida with suspension jackets
over a period of two and one half years.
Eight patients were identified as having
benefited from use of the jacket, five of
them remaining free of pressure sores for
more than one year.

In addition, Karl Fillauer, CPO has fitted
several patients with hemicorporectomy
amputations with suspension orthoses and
achieved good results.

CONCLUSION

The Thoracic Suspension Jacket has pro-
ven itself to be an efficient and practical
means of handling individuals with severe
scoliosis and decubitus ulcers. For the
benefit of those who may not be familiar
with the orthosis, indications, contraindi-
cations, fabrication, and follow up proce-
dures are reviewed. It is hoped that this
information will be of some assistance in
meeting the needs of the severely de-
formed.
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A New Design and Construction For
a Swimming Prosthesis

Carlo Marano, C.P.
Eugene DeMarco, C.P.

This article, which concerns an innovation in ambulation for the active amputee,
may be read in conjunction with the article by Kenneth P. LaBlanc, B.S., C.P.O., in
Orthotics and Prosthetics, Vol. 37, No. 3, pp. 42-49, “Fabrication of the Water

Resistant B/K Prosthesis.” The Editors
The ability of the lower limb amputee to It was our goal to design a swimming
participate in recreational activities is prosthesis that was practical, cosmetic,
sometimes necessary in order to improve safe, and displayed a minimal amount of
the quality of his or her life. Swimming, in buoyancy. We have achieved this end by
particular, can be an enjoyable method of constructing a prosthesis with a large cen-
exercise for the amputee. tral chamber through which water can
Prosthetic devices for swimming are enter and exit quickly.
necessary, not only to improve one’s ability This chamber has a distal opening lo-
to swim, but to provide: cated in the base of the water repellent foot,
® a safe means for ambulation in and and a proximal opening in the posterior
out of water shelf of the socket (Figure 1).

® protection against trauma to the re-
sidual limb
® constancy of residual limb volume
during swimming activities

® safety in the shower. ra

Contemporary prosthetic devices for
swimming satisfy the latter objectives, but
fall short of providing maximum safety.
Especially when ambulating in water,
problems have been encountered due to 4
the buoyancy of these devices. A prosthe- buw
sis that is fully buoyant may be hazardous
to the wearer. A great amount of effort
must be exerted to keep the prosthesis
submerged. A reduction in buoyancy gives 1
the patient a greater degree of control over
the prosthesis. He can affect its position
with a degree of coordination and muscle
power that more closely approximates

' out-of-water ambulation.

When a body is immersed in a fluid, it is

buoyed up with a force equal to the weight

of the fluid displaced by the body. There- 3
for_e' m.order to red.uce the buoyancy of a Figure 1. Schematic drawing of swimming prosthe-
swimming prosthesis, one must reduce the sis: (1) central chamber, (2) proximal opening, (3)
amount of water that it displaces. distal opening, and (4) distal socket drain.
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As the amputee enters the water with the
prosthesis, water enters the distal opening
and begins to fill the chamber. Air is
simultaneously expelled through the
proximal opening. The water level in the
chamber will equilibrate with the water
level outside the prosthesis until the pros-
thesis is completely submerged. As the
prosthesis is removed from the water, air
enters the proximal opening and forces
water out distally. Without this proximal
opening, the amputee would feel a down-
ward pull on the prosthesis due to the force
of the exiting water.

THE WATER REPELLENT
FOOT

The distal opening of the central cham-
ber is a 1.25 inch diameter hole in the base
of a specially prepared foot. Experience has
demonstrated that water, especially salt
water, readily deteriorates the foot portion
of a swimming prosthesis as well as its
attachment to the shank. Efforts to reduce
maintenance and facilitate fabrication,
without reducing function, have led to the
design of a water repellent foot for swim-
ming prostheses.

The keel of the foot is fabricated from 350
grams of Pedilen foam (three parts hard to
one part soft) poured into a neuter blank
mold. This blank can be shaped to accom-
modate all foot sizes, left and right (Fig-
ure 2).

Otto Bock Pedilen toe and sole parts are
chosen to correspond to the patient’s foot

size and fitted to a flat rubber swimming
sneaker. The keel is shaped to fit these
components.

Fiberglass cloth, impregnated with
polyester resin, is sandwiched between the
base of the keel and the plantar compo-
nents of the foot. This layer insures a strong
keel base and an intimate fit with the sole
of the foot.

THE BELOW KNEE SOCKET

All below the knee swimming prosthe-
ses fabricated in our laboratory utilize
PTB sockets with Supracondylar or Supra-
condylar/Suprapatellar suspension sys-
tems. These have proven to be the suspen-
sion types of choice. Auxiliary suspensions
should be avoided whenever possible, be-
cause immersion in water increases their
rate of deterioration and thus affects safety
and frequency of repair.

As previously stated, the water emission
rate from the central chamber can be in-
creased by providing a proximal opening
in the posterior brim of the socket (Figure
3). This opening is created during the
socketlamination. A 1.5inch wide, slightly
tapered, piece of .125 inch thick polyethyl-
ene is inserted between the layers of stock-
inette prior to lamination. The polyethyl-
ene wedge extends to the distal end of the
socket but is easily removed by heating the
posterior aspect of the socket. When the
tapered wedge is removed, it will leave a
channel that will ultimately drain into the
central chamber of the shank.

Figure 2. Components of “water repellent” foot: (left to right) neuter blank mold for urethane keel;

shaped keel attached to Pedilen foot parts; swim sneaker.
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Figure 3. Posterior socket channel in proximal

brim—air passes through this opening to facilitate
equilibration of water level.

r

Additional openings to the chamber are
produced by drilling .125 inch diameter
holes through the distal end of the socket
(Figure 4). The final result is a socket in
which the posterior channel and distal
openings empty into the central chamber
of the shank. Air pressure through these
openings increases the rate of water flow in
and out of the prosthesis.

ALIGNMENT AND
FITTINGS

The socket is embedded in urethane
foam and is attached to an adjustable
pylon. The foot is attached to the pylon
using a wooden block as a base for the foot
plug (Figure 5). All alignment procedures
are performed according to established
techniques.

Since the swimming foot has no com-
pressible SACH component, the patient
may experience increased flexion at heel
strike. It may be necessary to bevel the
posterior aspect of the heel, to a 45 degree
angle, to help reduce this moment. The
patient will adjust to this slight increase in
flexion at heel strike while walking on solid
ground. When ambulating on sand, or

o T —— 2 =i
Figure 4. Distal socket drain leads to the central

chamber of the shank and allows water to enter the
socket.

Figure 5. The swimming socket and foot attached to
the adjustable pylon are ready for fitting.
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other soft terrain, the compression of the
sand will provide an even smoother gait
pattern,

Alignment duplication is performed
using urethane foam as a shank filler. Sub-
sequent to a second dynamic alignment,
the prosthesis is shaped and prepared for
the finishing process.

FINISHING PROCESS
(BELOW KNEE)

After cosmetic shaping, the toe and sole
parts are removed and the prosthesis is
laminated with polyester resin in two lay-
ers of fiberglass stockinette. The prosthesis
is then reference marked and cut in a trans-
verse plane at the shank. All the urethane
foam within the shank is removed, thus
creating the central chamber. The two hol-
lowed sections are glued together and
smoothed for final lamination. The final
lamination consists of three layers of nylon
stockinette saturated with polyester resin
and the appropriate pigment.

After final trimming, the Pedilen foot
parts are adhered to the base of the keel
with epoxy and covered with a swim
sneaker. The sneaker is glued to the keel
and a 1.25 inch diameter hole is drilled
through the sneaker and foot parts (Figure
6). It is this hole that becomes the distal
opening of the central chamber. The
finished prosthesis is shown in Figure 7.

ABOVE KNEE PROSTHESES

The aforementioned techniques can be
incorporated into the fabrication of above
knee prostheses.

The knee unit of choice is the Otto Bock
3K5 unit. It is plastic, lightweight, and
ideal for immersion in water when the
metal extension spring is removed. The
openings in the knee eliminate the need for
a posterior socket channel.

The foamed socket, knee, and water re-
pellent foot are set in bench alignment and
glued. The prosthesis is then fit according
to established practice; however, the pa-
tient must ambulate with the knee locked.

'
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Figure 6. Distal opening of the central chamber lo-
cated in the base of the foot, allows free flow of water
in and out of the chamber.

Figure 7. The finished below knee swimming pros-

thesis.
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Figure 8. The finished above knee swimming pros-
thesis.

FINISHING PROCESS
(ABOVE KNEE)

After the fitting, the prosthesis is shaped
and disassembled. The shank portion is
treated as described under the below knee
finishing process. It is laminated, cut, hol-
lowed, and relaminated with pigment. The
thigh section is hollowed to the distal end
of the socket.

Water enters the thigh via the openings
in the upper portion of the knee. The
openings in the lower portion of the knee
are the proximal entry to the distal chamber
that is created in the shank.

The foot parts are attached as in the
below knee. The swim sneaker is glued to
the foot and the distal hole is drilled
through the sneaker and foot parts (Fig-
ure 8).

DISCUSSION

We have used the techniques outlined
for more than twelve years. To date, we
have followed the progress of 34 patients
wearing swimming prostheses fabricated
as described. All the patients were able to
achieve their functional goals, from par-
ticipating in water sports to taking daily
showers. The only routine service is an an-
nual check up to insure the integrity of the
components.

The patients experience no significant
limitations other than a slight decrease in
simulated plantar-flexion, but they easily
accommodate to it. Above knee patients
are limited to walking with the knee
locked. Long above knee residual limbs
present a cosmetic problem due to the di-
mensions of the 3K5 unit and the resultant
protrusion of the knee.

There are great limitations on the types
of components that can be incorporated
into a swimming prosthesis. Development
of a variety of components, specifically for
recreational prostheses, is necessary if we
are to help in the rehabilitation of our pa-
tients.

BIBLIOGRAPHY

Kegel, B., “Prostheses and Assistive Devices for Special Activities,”
Atlas of Lower Limb Prostiietics, The CV. Mosby Co., 5t. Louis,
Missouri, 1981

Kegel, B., Webster, ).C, Burgess, E.M., “Recreational Activities of
Lower Extremity Amputees: A Survey,” Arch Phys Med Rehabil ,
61(6): 258-264, 1980

Smith, ] P, “In what sports can patients with amputations and other
handicaps successfully and actively participate?”’ Plrysical Therapy,
50(1):121-126, 1970

AUTHORS

The authors may be contacted at the Orthopedic Studio, Inc., 81
Atlantic Avenue, Brooklyn Heights, New York 11201



Orthotics and Prosthetics, Volume 38, Number 1, Spring, 1984, pp. 50-54.
“The American Orthotic and Prosthetic Association. All rights reserved.

A New Cervical Neck Ring for the
Idiopathic Scoliosis C.T.L.S.O.

Greg Moore, R.T. (O)

The Milwaukee orthosis has been used
in the treatment of scoliosis since 1946.!
Originally designed for post-operative
spinal management, this orthosis has since
developed into one of the best non-opera-
tive management methods used to manage
the progression of a scoliotic curve (Figure

Figure 2. Contemporary Milwaukee.

1). The C.T.L.S.O. has been used success-
fully in the management of juvenile idio-
pathic scoliosis, infantile idiopathic scolio-
sis, congenital scoliosis and kyphosis.
There have been many improvements to
the orthosis since its inception, as new
materials and diagnostic procedures have
become available to the orthotist. These
- improvements have helped create an
Figure 1. Original Milwaukee Brace, ca. 1945. orthosis which, compared to the original
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orthosis, is more comfortable, easier to don
and doff, easier to clean, and is more
cosmetically acceptable to the patient
(Figure 2).

SCOLIOSIS POPULATION

The incidence of idiopathic scoliosis as
reported in a 1978 study by Rogala? was 4.5
percent for a scoliotic curve of more than
five degrees and two percent for a curve
over ten degrees. Of this population, 6.8
percent exhibited a progression of five de-
grees or more leading to a range of 20 de-
grees of curvature or more. Of these, 95
percent were treated with braces, and in all
but 2.6 percent, the treatment was suc-
cessful. From these figures it is probably
safe to say that for progressive structural
curves of more than 15 degrees, a brace is
indicated. Once a curve has reached 40-45
degrees, surgical corrections are likely to
be necessary, except in some well-compen-
sated double curves, when up to 60 degrees
may be corrected with an orthosis.

RESEARCH AND
DEVELOPMENT

Our first attempts to improve the cosme-
sis of the C.T.L.5.0. neck ring were
prompted by Dr. E.E. Bleck, professor and
executive head of the Division of Ortho-
pedics, Stanford University School of
Medicine, who requested an innovative
and highly cosmetic neck ring design
which would give lateral control of the cer-
vical region. The original Milwaukee neck
ring provided a large longitudinal distrac-
tion force which can only be applied at the
risk of damage to the growing bones of the
mandible and maxilla, creating orthodon-
tic problems. Because of this, the concept
of forceful longitudinal distraction has
been abandoned and the concept of a three
point pressure system, with optional mild
mandibular distraction, has been adopted.
The use of a lateral three point pressure
system, provided by a thoracic pad below
the apex of the major curve, resisted by an
incapsulating pelvic girdle below and the
neck ring above, has proven successful.
The use of such optional fitting elements as

a lumbar pad to create additional three
point pressure has oftentimes proven
necessary.

There is no doubt that the management
of scoliosis with the C.T.L.5.0. fora period
of several years is often emotionally trau-
matic for a teenager to face. To minimize
this, constant efforts must be made to re-
duce the stress on the patient in terms of
weight, function, and cosmesis. Since the
majority of patients are adolescent girls,
the aesthetic quality of the brace can make
a significant difference in the patient’s ac-
ceptance of the brace. It is in keeping with
this effort that our first modified neck ring
was constructed (Figure 3).

Figure 3. First modified neck ring.

Designed to fit Durr-Fillauer prefabri-
cated components, the modifications to the
neck ring eliminated the entire anterior
portion of the conventional throat mold
neck ring, including the hinge system. A
new hinge system was designed and con-
structed which, by using the anterior
mounting plate as the attachment device
and hinge, afforded a more unobtrusive
and cosmetic anterior section. This ac-
complished, the posterior section was
modified by removing the upright attach-
ment tabs and attaching the posterior su-
perstructure uprights directly to the pos-
terior segment of the neck ring. Some of the
bulk of the neck ring was thus reduced,
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Figure 4. Durr-Fillauer low profile neck ring.

creating a closer fitting and more cosmetic
posterior section.

This modified neck ring design was used
on eighteen C.T.L.S.O. patients with
overwhelming patient, parent, and doctor
acceptance. The patients liked the new de-
sign so much that three veteran C.T.L.5.0.
wearers, having seen the new design, in-
sisted on having their orthoses converted
to include the new neck ring.

The time involved in the fabrication of
the modified neck ring (averaging four to
six hours each) prompted the inquiry to the
Durr-Fillauer Company, regarding their
consideration in manufacturing the modi-

l

Figure 5-A. Patient in orthosis with low profile neck
ring, shirt on.

fied neck ring. A prototype neck ring was
sent to their new products department,
providing the impetus for the second low
profile design. This cervical neck ring uses
the concept of the combined anterior
mounting plate and hinge, and carries the
concept one step further by extending the
stainless steel rods within close proximity
of the lateral borders of the neck, curving
over the shoulders to a knurled knob clo-
sure in the proximity of the C7 vertebra
(Figure 4). This further enhances the cos-
mesis of the neck ring and keeps the clo-
sure away from the posterior inferior hair-
line, reducing the problem of catching hair

= = i
Figure 5-B. Patient in orthosis with low profile neck
ring, shirt off.
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Figure 7. Close-up of patient with low profile neck
ring and mandibular support.

Figure 8. Mandibular support and forming tool.

in the neck ring upon closure (Figure 5-A,
5-B). This second design is probably the
most cosmetic and functional to date.

In its initial clinical evaluations, Durr-
Fillauer has experienced the same measure
of positive response that we did. More-
over, the impression exists that more
C.T.L.5.0.’s are being prescribed than

before. The supposition is that with the
superior cosmesis afforded by the low pro-
file neck ring versus the traditional neck
ring, the physician is prescribing the
C.T.L.S.0., instead of the T.L.S.0., for bor-
derline patients.

In addition to the modified neck ring,
Durr-Fillauer has also developed a mandib-
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ular support of subortholen (Figure 6). Their
intention with this support is that it can be
used in an initial fitting to remind the pa-
tient to maintain correct posture. Subse-
quently, after the first month or so, when
proper habits have been established, it may
be removed. This would seem to be par-
ticularly useful in treating kyphosis. The
subortholen mandibular support is molded
in one size and trimmed to the proper
length. A special tool is used to form the
channel in the inferior portion of the sup-
port and doubles as a drill guide for the
attachment holes (Figure 7).

SUMMARY

The orthotic staff at Children’s Hospital
at Stanford, with help from Carlton Fil-
lauer, C.P.O. and Karl Fillauer, C.P.O. has

developed, tested, and evaluated a new
cervical neck ring for use on the C.T.L.5.0.
The neck ring provides lateral cervical cor-
rection, low visibility, and correspond-
ingly better cosmesis.
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The Delivery of Orthotic and
Prosthetic Services in America—
A Physical Therapist’s View

Donald G. Shurr, L.P.T., M.A.

INTRODUCTION

At a time when we hear much talk about
competition, regulation, and reimburse-
ment, and their impact on the health deliv-
ery system in the United States, it seems
appropriate to take a step back and look at
where orthotic practice has been and
where it might be headed.

The overall purpose of this paper is to
describe the development and practice of
orthotics in the United States. I will pro-
vide some background on the historical
development of the field, and examine the
supply of, and need for, orthotic personnel
in the United States. A number of educa-
tional programs provide training, and
these will be discussed. Membership in
professional organizations and certifica-
tion will be described previous to the pro-
vision of data specific to device fabrication
and delivery. My conclusion will provide
perspectives on the future of orthotics and
prosthetics in the United States.

HISTORICAL
DEVELOPMENT

The word “orthotics’’ is taken from the
word “‘orthostatic,” from the Greek
“ortho,” to straighten, and “statikos,” to
cause to stand.! According to Dr. Sydney
Licht in the "Preface to the First Edition” of
Orthotics, Etc., the word “orthotic” is rela-
tively new. Connoting the field of straight-
ening deformities with external supports,
it was first used by Dr. Vern Nickel in a
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report of conferences on upper extremity
devices for the National Foundation of In-
fantile Paralysis Respiratory Centers in
1953.! “Orthotics” was originally adopted
in 1960 by orthotists and prosthetists in
America when they formed the American
Orthotic and Prosthetic Association from
the original Artificial Limb Manufacturers’
Association.?

Although it first meant the straightening
of deformities with external support, the
term orthotics today refers to the profes-
sion, including the art and science of the
application of a device applied or attached
to an external surface of a body to improve
function. As was noted by Dr. Licht,? the
field of orthotics now has expanded to in-
clude many systems, devices, and technol-
ogies which not only are unattached to the
patient, but technically do not fall under
the umbrella of the term orthosis—thus the
use of the term “etcetera” in the title of his
ninth volume by Williams and Wilkins.

Orthotics or Orthetics?

According to Dr. Sidney Licht,? one clas-
sics scholar believes that prosthesis means
both the replacement of a lost part and help
for a part. Orthosis means to straighten.
Neither word adequately describes the
field of orthotics and prosthetics as prac-
ticed today, or that which will be practiced
in the future.

In 1955, Dr. Robert L. Bennett of Warm
Springs, Georgia, used the word “orthet-
ics” to describe an exhibition of braces
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used to increase function in severely dis-
abled persons.? Despite the fact that the
word “orthetic” is relatively new, we are
fortunate in that a rich history in the field
reflects a rational and orderly development
from seemingly simple beginnings.

The history of bracing or splinting, as it
was called, can be separated into two parts.
The first may be considered a non-surgical
period between the time of Hippocrates
through the 19th century. During this
period, treatment consisted of manipula-
tion and the application of orthotic appli-
ances. The second era, the era of modern
orthopaedics, relies on the use of antiseptic
and aseptic surgery and more modern or-
thotic designs and materials.

Pioneers of the early period were Am-
broise Pare (1509-1590); Dr. Hugh Owen
Thomas (1834-1901), the “bonesetter”’ for
whom many items are still named; and Sir
Robert Jones, a nephew of Owen Thomas,
who may be considered the “father of or-
thopaedic surgery.” All were accomplished
and innovative bracemakers.

Surgery gradually replaced bracing as
the keystone in the practice of orthopae-
dics, and the bracemakers moved from
physicians’ offices into hospitals or private
offices. Although some remain today in
hospitals, the office practice of the inde-
pendent practitioner businessman con-
tinues as the model.

During the last half-century, two events
served to focus attention on the role of or-
thotics and prosthetics. Soldiers injured in
World War II benefited from the services
of those trained to develop and provide for
the artificial replacement of limbs. Fol-
lowing the increased interest in prosthetics
due to World War II, a similar interest in
orthotics arose via the National Founda-
tion for Infantile Paralysis, following the
two polio epidemics around 1950.

According to Dr. Vern Nickel,’ the de-
velopment of respirators and tracheosto-
mies created a need for better upper ex-
tremity orthotics and people to design, fab-
ricate, and fit them. The need for man-
power in the orthotics industry led to the
development of formal educational pro-
grams, producing orthotists and prosthe-
tists, starting in 1956. These programs have

grown both in numbers and in scope since
the first baccalaureate degree in orthotics
began in 1962.

SUPPLY OF TRAINED
PERSONNEL

In order to meet the patient orthotic and
prosthetic needs of the future, one must con-
sider both the projections for practitioners and
for manpower in related professions, since
orthotists and prosthetists deal in a medical
and paramedical arena.

In 1982 there were 66,485 medical stu-
dents in training in the United States,
meaning 16,700 graduates each year.® They
are trained by 53,750 full-time medical fac-
ulty, ata cost in excess of 6.3 billion dollars.
There are 2,667 orthopaedic residents in
180 programs in America, and 605 Physical
Medicine and Rehabilitation residents in
65 programs, down 50 from 1982. It is in-
teresting to note that in the 1982 American
Academy of Orthopaedic Surgery Man-
power Survey,? 42 percent of those who
responded felt there were too many ortho-
paedic surgeons in their geographic area.
Plans call for these programs to continue to
train 2,267 physicians each year in the
years to come.

Now consider that there are currently
350,000 MDs and 15,000 DOs practicing in
the U.S. By the year 1990, the combined
number is projected to reach 560,000. Since
many O&P professionals relate directly to
orthopaedic surgeons, it is of interest to note
that there were 12,250 fellows in the Ameri-
can Academy of Orthopaedic Surgery in 1982,
and many more MDs without board certifi-
cation doing orthopaedics. By 1990, it is pro-
jected that there will be 17,500 board certified
orthopaedic surgeons. Additionally, there
were 2,200 physiatrists, although their num-
bers are not growing nearly as fast as those
of orthopaedic surgeons.

Of the non-physicians, nurses as a group
comprise the largest number of providers
of service, with about 1,360,000 in active
service in 1982. Seventy-five thousand
nurses are trained each year, up from
44,000 per year as recently as 1970. Con-
trary to what might have been written, ac-
cording to the Institute of Medicine study
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of 1983,5 there was and is no shortage of
nurses, only a problem of poor distribution
and a difficulty in finding nurses to work in
areas such as surgical intensive care. By
1990, there are expected to be two million
nurses in America.

Physical therapist schools graduated
2,888 students in 1981 from 82 schools.
Since new programs are continually being
opened and accredited, that number
should surpass 3,000 per year by 1985.

There are some 40,000 physical thera-
pists in the U.S. According to recent Bu-
reau of Labor statistics, a 1.9 percent un-
employment rate exists for physical thera-
pists, which is second only to physicians at
1.5 percent. In summary, it appears that
there will be an increasing supply of ortho-
paedists and related professionals, and the
impact of substitution among providers
cannot be estimated at this time.

NUMBER OF ORTHOTISTS
AND PROSTHETISTS IN
PRACTICE SETTINGS

Since 1949 there have been more than 880
prosthetist/orthotists, 1,392 orthotists and
1,232 prosthetists certified by the Amer-
ican Board for Certification in Prosthetics

and Orthotics, Inc. (ABC). On July 1, 1982,
there were 817 COs, 739 CPs, and 580 CPOs
in good standing. This total of 2,136 rep-
resented the current certified work force in
orthotics and prosthetics (Figure 1). As-
suming the present 2,136, an addition of
nine to ten percent per year for eight years,
and one to two percent retirement rate, by
1990 there will be approximately 4,000 or-
thotic/prosthetic practitioners in America,
in contrast to 560,000 MDs, two million
nurses, and 40,000 physical therapists
(Figure 2).

Atthis point in time in the United States,
orthotists and prosthetists practice in five major
settings (Figure 3):

1. Private offices. Since the late 1880s,
orthotists sought to move out of phy-
sicians’ offices and hospitals in an
effort to be independent providers of
services and devices, and to avail
such services to many physicians and
patients. This practice setting re-
mains the most prevalent.

2. Institutionally Based Service/Consulta-
tion. Many large institutions such as
hospitals—particularly children’s
hospitals, rehabilitation centers, or
rehabilitation and research insti-
tutes—provide orthotic/prosthetic ser-
vices from an internal staff. Rehabilita-
tion facilities draw upon many disci-

CERTIFIED ORTHOTISTS

AND PROSTHETISTS
1982

CO CP

CPO TOTAL

817 739

580 2136

Figure 1. The total number of certified professional orthotists/prosthetists.
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Projections of Health Care Professionals
(1990)

2,000,000
560,000
17,500
4,000

R.N.
M.D.
M.D. (ortho surg.)
C.P./C.O./C.P.O.

Figure 2. Projected number of health care professionals: 1990.

plines for their services. The range of
services which may be found in a facility
is reflected in the Vocational Re-
habilitation Amendments of 1968,
which describe a rehabilitation facil-
ity as providing “singly or in combi-
nation’” one or more of the following
services for handicapped individuals:
(1) comprehensive rehabilitation ser-
vices which include, under one man-
agement, medical, psychological, so-
cial and vocational services; and (2)
testing, fitting, or training in the use
of prosthetic and orthotic devices.

The fact that the statutory language
speaks specifically of orthotics attests
to the integral part in the rehabilita-
tion process played by orthotists and
prosthetists.

. Supplier and Fabrication Management.

The use of a central production labo-
ratory external to the site of fitting or
measuring will probably increase in
the 1980s in America. In order for a
successful transition into that mode,
communication via the written and
spoken word is essential. Without
communication, central producation
can be a nightmare.

Since many O&P professionals may
use the same production facility, highly
skilled practitioners who can relate to
others and their fitting or measuring

problems are necessary. A phone con-
versation with an orthotist/prosthetist
in the field from a knowledgeable and
communicative fellow can make the dif-
ference between success and failure of
a fitting, particularly of a new device,
material, or application.

. Education. In the 11 programs avail-

able for orthotic or prosthetic entry-
level preparation, there are full-time
professional faculty responsible for
this education. According to the 1976
Ponte Vedra Report,® there were 17
full-time certified prosthetists, 24
full-time certified orthotists, and 13
full-time certified prosthetists/ortho-
tists in this area of practice.

The role of the educators in these
facilities cannot be underestimated as
they provide the source of the life
blood for the future in orthotics and
prosthetics. No similar data can be
located on the current faculty numbers
or locations.

. Research. To the knowledge of this

author, few, if any, people work in
America today doing only basic re-
search in orthotics/prosthetics. This is
in no way to ignore those practitioners
who are working on the cutting edge of
materials, design, or rehabilitation engi-
neering. However, no known orthotist
or prosthetist performs only such

B AT
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PRACTICE SETTINGS

® PRIVATE OFFICE

® INSTITUTION BASED
SERVICE/CONSULTATION

e SUPPLIERS AND FABRICATION

MANAGEMENT
® EDUCATION
® RESEARCH

Figure 3. Orthotic/prosthetic practice settings.

research functions. It is included as a
practice setting to emphasize the nec-
essary role of research and develop-
ment in the professions, even though
few positions currently exist.

According to Dr. Colin McLaurin,®
his final examination as a prosthetist,
after seven years of training and ap-
prenticeship as a journeyman, was to
fit and fabricate a prosthesis from raw
materials, to include the socket, knee,
and foot. Although this approach ap-
parently develops a skilled artisan, it
does little to recognize the cognitive
areas so necessary in the skills of the
modern orthotist/prosthetist. With
the skills currently being taught in the
baccaleaureate programs, the profes-
sional is moving toward the status of
independent prescription, fitting and
fabrication, always maintaining the
concept of the team which has worked
so successfully in the past.

NEED FOR ORTHOTIC AND
PROSTHETIC SERVICES

In the preparation of this paper, contacts
with numerous offices, bureaus, and data
sources were made in an attempt to iden-
tify the population in America in need of
prosthetic and orthotic services. Although
the question has never been addressed di-
rectly, the information presented was
gathered from the National Health Inter-
view Survey,” a nationwide household
survey conducted by trained representa-
tives from the U.S. Bureau of the Census.
Using scientific sampling techniques, per-
centages of the population in need of spe-
cific devices were identified. These studies
have been published in 1969 and 1977.

The results of these studies indicate that
6,250,000 people in America used orthoses,
wheelchairs, canes, or special shoes in
1969. By 19778 the number had grown on
6,500,000, or about three percent of the
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American population. Specifically, people
using leg orthoses increased from 233,000
in 1969 to 400,000 in 1977. This represents
roughly 1.2 people per thousand popula-
tion in 1969 to 1.9 people per thousand in
1977.

Looking at the potential market from an-
other perspective, there were 1,392,000
Americans in 1971 having partial or com-
plete paralysis, or 6.9 per thousand popu-
lation. Of those, 200,000 were victims of
hemiplegia. By 1977, the numbers had
grown to 1,532,000 people, 237,000 of
which were hemiplegic, or about 7.2 per
thousand. Spinal cord injuries totaled
150,000, with eight to ten thousand new
cases occurring each year.

Of interest is the fact that for the same
population survey, those using prosthetic
legs numbered .6 per thousand in 1969, or
half of those using orthoses. By 19778 the
figures had jumped to one per thousand
using an artificial leg and 1.9 per thousand
using leg orthoses or, again, nearly half.
Total people reporting using either artifi-
cial legs or arms in 1977 were 275,000.

EDUCATIONAL
PROGRAMS

There are currently 12 practitioner-level
programs located in the United States.® In
addition, there are four technician or as-
sistant-level programs. There is also a
practitioner residency training program of
one year in length at the Newington Chil-
ren’s Hospital, Newington, Connecticut,
whose stated purpose is to allow a graduate
orthotist one year of specialized education
under supervision, dealing specifically
with the orthotic needs of children. Since
the residency concept is not new to medical
and paramedical education, it is unfortu-
nate that it took until 1980 to get the first
program under way.

Using the stated enrollment figures
published in Orthotics and Prosthetics,
Fall, 1982,° 175 students will graduate
per year from these 12 schools. It should be
noted that 30 of the 175 students, about 17
percent, come from the Army orthotic
school, whose model differs from most

others in that no formal education is re-
quired prior to admission. According to
the current standards of ABC, graduates of
this program do not qualify to sit for the
orthotic board examination and therefore
do nothing to increase the credenttaled
manpower in the field for the future.

In keeping with a resolution passed at
the Ponte Verdra meeting of 1976, there is
only one sub-professional in orthotics and
prosthetics, the technician. It was also rec-
ommended that only the education pro-
gram be certified by ABC, and the techni-
cian be registered, as opposed to being
certified.

PROFESSIONAL
ORGANIZATION/
CERTIFICATION

Certification of both professionals and
facilities is administered by the American
Board for Certification in Orthotics and
Prosthetics, Inc. This board was estab-
lished in 1948 through a combined effort of
the orthotic and prosthetic industry and
the American Academy of Orthopaedic
Surgeons.’® The ABC promotes high pro-
fessional standards, high quality facilities,
and develops and administers examina-
tions in prosthetics and orthotics. Addi-
tionally, the organization serves as an ap-
peal committee for alleged violations of
established standards of practice, ethics, or
law.

DEVICE FABRICATION
AND DELIVERY

There is no data which describes the
state of affairs in America today with re-
spect to the subject of fabrication or prefab-
rication. Costs associated with certified
personnel, plastics, ovens, vacuum form-
ing, and Occupational Safety and Health
Administration regulations in the late
1960s and early 70s gave birth to the con-
cept of central fabrication, or production of
devices from a centralized geographical lo-
cation, often apart from the fitting center or
office. Central fabrication allows technol-
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ogy to be applied rapidly, without the need
for each facility to purchase, use, and
maintain expensive, modern, high-tech-
nology equipment.

Central fabrication is a natural extension
of prefabrication, concentrating on any de-
vice which can be mass produced in pre-
determined sizes, lengths, thicknesses, or
configurations. This feature allows the
practitioner to modify the device to fit any
change necessary. If the entire device
needs custom fabrication, it too can be fab-
ricated at a centralized location from a cast
or mold taken by the certified practitioner
and sent to the laboratory. This system is
analogous to the current production of
dentures, eyeglasses, and other medical or
dental devices.

When central fabrication was first de-
veloped, it was done to allow the practi-
tioner more time to do other things. In the
future, it will allow the practitioner to sur-
vive, as profit margins will be held in check
by governmental controls put in place in an
effort to control health care related costs.

In a recent survey compiled by Charles
H. Pritham, CPO,! 17 percent of the re-
spondents indicated that their patients in
need of leg orthoses received 100 percent
plastic devices. Sixty-one percent indi-
cated that they delivered 75 percent plastic
and only 25 percent metal, whereas only 15
percent used less than 25 percent plastic
and, therefore, 75 percent metal orthoses.
Reasons cited for using plastic instead of
metal were weight, cosmesis, versatility,
etc. Of those responding, the most com-
monly cited disadvantage of the plastic an-
kle-foot orthosis (AFO) was the inability to
adjust the ankle in dorsi- or plantar-flex-
ion. No data exists concerning criteria used
for such plastic or metal AFO fittings.
Therefore, the data in this survey is incom-
plete. Since the process from prescription
through fitting may involve a number of
professionals besides the orthotist, con-
sistency between geographical areas or fa-
cilities may be difficult to demonstrate—
even in the presence of increasing central
fabrication availability.

An analysis of certified orthotic and
prosthetic facilities in America reveals a
total number of 521.1° Of these, 119 are

certified in orthotics, 123 are certified in
prosthetics, and 279 are certified in both.
These facilities are most numerous in the
states of California-(54), Michigan (35),
New York (34), Ohio (34), Illinois (33), and
Pennsylvania (28).

Since there are about 220 million people
in America, there are about 10 certified fa-
cilities per state on an average, or one facil-
ity for 422,000 population. Obviously the
state averages are difficult to use. Some
states, like Wyoming, have no certified fa-
cilities and therefore have distribution
problems—even though, as in Wyoming's
case, the state may have a relatively small
population.

The Veterans’ Administration (V.A)) is
the largest orthotic and prosthetic central
purchasing and delivery system in the
United States. According to information
supplied by Mr. Frederick Downs, Jr., Di-
rector of Prosthetic and Sensory Aid Ser-
vices for the V.A.12 in the fiscal year
1981-82, the V.A. spent nearly 100 million
dollars. This includes all phases of pros-
thetic-orthotic activity, from training pro-
grams to testing and distribution of de-
vices, to direct prosthetic device services.
Total cost associated with the provision of
130,313 orthotic appliances was $6,096,997,
of which nearly 80 percent was internally
supplied. Total prosthetic devices and sen-
sory aid supplies numbered 1,330,767, at a
cost of $79,115,303. Included in the inter-
nally supplied category are custom fabri-
cated shoes, a service not readily commer-
cially available.

THE FUTURE FOR
ORTHOTICS AND
PROSTHETICS

The future for orthotics and prosthetics
in America appears headed in the direction
of other allied health care, but different
from the other medical and paramedical
models (Figure 4). The data clearly demon-
strate that by the year 1990 there surely will
be present an oversupply of fully trained
physicians, about 560,000 in number, or
70,000 in excess of predicted needs. The
supplies of nurses and other allied health
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THE FUTURE OF
ORTHOTICS/PROSTHETICS IN AMERICA

TEFRA-DRG
COMPUTER

TOO MANY M.D.s
TOO FEW C.P.O.s

NEW OR DIFFERENT MARKETS

Figure 4, Phenomena affecting the future in orthotics and prosthetics.

professionals, while larger, are not pre-
dicted to be in excess by 1990. There will
surely be a shortage of certified orthotists/
prosthetists by 1980 standards. However,
the federal policies which will be necessary
to deal with the physician excess will cer-
tainly have an effect on other providers
such as orthotists and prosthetists.

Two theories which describe what may
occur as a result of this physician oversup-
ply suggest some interesting proposi-
tions.'® One theory, the pyramid model,
predicts that the group at the top, the phy-
sicians, will react to the oversupply by re-
claiming many tasks which had previously
been delegated to nurses, therapists, or-
thotists, or others, in times of shortages of
physicians or growth. The second theory
predicts that the forces of a competitive
marketplace will cause physicians to in-
crease their productivity by using more as-
sistive personnel, resulting in an overall
growth for all.

Another factor which may affect the fu-
ture of orthotics is the impact of what has
come to be known as TEFRA, or the Tax
Equity and Fiscal Responsibility Act of
1982. These 1982 amendments to the Medi-
care Section of the Social Security Act pro-
pose the most far-reaching changes in
health care reimbursement since the be-

ginning of the program in 1965.

In 1982, the United States spent 322
billion dollars for health care, of which 42
percent was for hospital care and 19 percent
was for physician services. Although the
figures of $136 billion for hospital care and
$62 billion for physicians are staggering,
more staggering is the rate at which these
dollar values rose over 1981: about 14.9 per-
cent. These figures are providing many
with the evidence they feel they need to
limit or to put “caps” on reimbursement. It
remains to be seen how these reimburse-
ment pressures may alter the practice of
orthotics, but it is clear that there will be
incentives to hold down fees.

Hospital care was the largest part of the
10.5 percent of the Gross National Product
spent for health care in the United States
last year. The changes which TEFRA in-
cludes were primarily aimed at non-physi-
cian costs associated with the Medicare
program. These changes will replace a
charge system of routine per diem cost
limits with a system of limits on total oper-
ating cost-per-case, based on each diag-
nostic related grouping, or DRG. Each pa-
tient admitted to the hospital will be as-
signed a DRG for payment purposes. Pay-
ment will then be made on an average
length of stay assigned for that particular
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DRG. Any days of inpatient care in excess
of the approved standard will not be reim-
bursed to the hospital. The DRG system is
the mechanism chosen to implement a
prospective payment system, with the
overall goal of the program being to control
future increases in cost to the federal gov-
ernment on behalf of the Medicare pro-
gram.

The new payment concept represents the
first fundamental change in the payment
system for America’s hospitals in 50 years.
All combinations of the 11,828 diagnoses
and 33,000 procedures currently included
within the coding system of the Internal
Classification of Diseases have been consoli-
dated into 468 diagnostic related groups.
Payment will be calculated on the basis of
the average cost of care for patients in each
DRG through the nation’s 6,000 acute gen-
eral hospitals.

What is not clear at this point is what
effect this and future program changes will
have on O&P services delivered to Medi-
care beneficiaries, but more importantly,
what effect this program change will have
on other purchasers of these services,
namely private commercial insurers, and
Blue Cross. In Iowa, for example, the Insur-
ance Commissioner has called for a pro-
spective payment model to be put in place
along with the changes in Medicare. Since
in many states Blue Cross acts as the fiscal
intermediary for Medicare, there are likely
to be many similarities between Medicare
and Blue Cross.

The concern for all of us with these
trends and changes are the potential for
erosion of non-physician or non-hospital
services to be capped, cut, or severely lim-
ited at the expense of more expensive,
better lobbied, inpatient hospital or physi-
cian delivered care.

The future for orthotics and prosthetics
promises a better engineered, more effec-
tive, less-expensive-to-produce product, and
the accompanying service of the profes-
sional, well trained and experienced in
appropriate orthotic applications. Orthotic
applications for poorly understood prob-
lems will challenge the orthotist of the future.
Challenges such as prophylactic knee
orthoses represent a revolution in the pre-

vention of injuries in contact sports, such
as football. Other applications in the work
setting would assist workers with certain
stressful tasks, attempting to prevent or
reduce the severity and numbers of injuries
which result in lost time from work and an
overall loss of productivity. This future will
certainly involve the use of computer
assisted design, modification, and perhaps
even fabrication. Mr. Jim Foort in British
Columbia has developed a computer
assisted program for below-knee socket
design, modification, and fabrication. In
order to integrate the computer into the
practice of orthotics and prosthetics, engi-
neers will be called on for their assistance,
continuing to consummate this marriage
between orthotists and engineers.

It appears clear that, if the predictions
hold true, there will be a shortage of ortho-
tists/prosthetists in 1990. Physicians will
undoubtedly be treating many patient
types who, like their counterparts of yes-
terday, will be survivors, due to advances
in medical knowledge or technology, al-
lowing even normal people to live longer
lives. Along with that challenge goes an
equal challenge to make that longer life
more functional than previously experi-
enced. Therein lies the challenges for the
orthotists and prosthetists of the future.
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An Alternative Approach to Fitting
Partial Hand Amputees

Russell D. Brown, C.P.O.

\"

Figure 1, The prosthetist is often faced with having to
treat cosmetically the length of the residual limb in
the partial hand amputee.

Some surgeons believe in saving as
much of the residual limb as possible when
performing an amputation. Because of
this, the prosthetist is sometimes faced
with the challenge of producing a prosthe-
sis for the upper limb amputee who may, in
the opinion of many prosthetists, have too
much of the original limb left to treat cos-
metically (Figure 1). We are accustomed to
having room for a wrist unit at the end of
the socket to contain the terminal device.
For those of you who have run into this
situation, I would like to share whatI have
found to be a successful solution.

These amputees are usually strong, and
eager to use the affected limb to its full
advantage. They are also usually unwilling
to have surgical revisions made. In most
cases, by the time of prosthetic interven-
tion, the residual hand is already being
used to assist the sound side. In addition,
little atrophy may be apparent due to the
partial usage.

Selection of a terminal device may be a
problem because of the length of the device
added to the traditional prosthesis. The
Prehensile Hand® which is available
through Therapeutic Recreation Systems,
Inc.,? has the ability to set the functioning
surfaces of the device in the proper re-
lationship with the extremity (Figure 2).
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Figure 2. The prehensile hand, supplied by Thera-
peutic Recreation Systems.

Figure 3. As aresult of the bulbous shaped distal end,
suspension may be achieved easily.

Furthermore, this voluntary closing termi-
nal device blends well into the natural re-
flex habits of the amputee, so the ease of its
use is also a plus with this type of pros-
thesis.

The advantages of the partial hand am-
putation become apparent as one forms the
socket. As a result of the bulbous distal
end, suspension may be achieved easily by

the use of an expandable dorsal window
(Figure 3).

The same provisions for the loading and
unloading of forces are taken in making the
negative mold as with any other upper
limb casting procedure (Figure 4).

Supination and pronation are not usu-
ally blocked at this level. Full advantage
can be taken of this control by getting a
narrow medio-lateral dimension with the
negative mold (Figure 5).

il

Figure 4. Provisions for the proper loading of forces
begin, as always, with a good cast.

N

Figure 5. Supination and pronation control may be
maintained by obtaining a narrow medio-lateral di-
mension in the negative mold.
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Fastening the terminal device to the
prosthesis is accomplished by removing
the threaded male base plate, which is at-
tached to the Prehensile Hand with two
hard screws, and applying a new founda-
tion, which is created by duplicating the
same dimensions of the distal end of the
base plate with a piece of S.T. 2024, 4" x 2"
aluminum bar and riveting a stabilization
bar (Figure 6). Another plate of stainless
steel is shaped to fit the flat surface of the
aluminum base and yet be contoured to the
volar distal end of the socket. This base
plate is to be laminated into the socket.

The new socket base plate is tapped to
receive screws placed through clearance
holes in the aluminum base. Other multi-
ple holes are drilled in the stainless steel

Figure 6. The component parts of the terminal device
showing the new adapted flat base plate which re-
places the threaded standard base plate.

Figure 7. At the time of the trial fitting, adjustments may be made to place the terminal
device in the position of best function.

base plate to increase the mechanical bond
created at the time the plate is laminated
into the prosthesis.

At the time of the trial fitting, examine
the socket as usual, and make any neces-
sary adjustments. The stainless steel plate
can now be positioned to hold the prehen-
sile hand in the most functional position
(Figure 7).

To complete the prosthesis, laminate the
stainless steel plate in place and align the
terminal device. Don the prosthesis using
the dorsal window and the Velcro® straps.
The cable may now be aligned (Figure 8).

We have found that a #9 harness affords
the best function of the device (Figure 9).
The adaptability of the amputee with ease
of function has been gratifying. He not
only can perform intricate movement, but
is also capable of heavy manual labor as
well (Figure 10).
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Figure 8. The completed prosthesis with final terminal device alignment and Velcro®
closures.

Figure 9. The appearance of the finished prosthesis on the patient demonstrating approxi-
mation of length.

Figure 10. The patient, while able to participate in heavy manual labor, is also capable of
intricate movement.
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Technical Note—
Case Study:

A Multiple-Form Plastic Ankle

Foot Orthosis

David C. Showers, C.P.O.

INTRODUCTION

There are universally accepted orthotic
designs for the patient who presents weak
ankle dorsiflexors coupled with swing
and stance phase lateral instability of
the subtalar joint. In most cases, these
standard designs are adequate for the
problem. However, the orthotist will occa-
sionally have a patient on whom the rou-
tinely prescribed Ankle Foot Orthosis
(A.F.O.) designs are unsatisfactory or un-
acceptable. In one such case, illustrated
within, a Multiple-Form molded A.F.O.
was devised to meet the extraordinary
needs of the patient. In select cases, the
orthotist may find this Multiple-Form
molded A.F.O. a valuable alternative de-
sign.

CASE HISTORY

A twenty-eight year old male was diag-
nosed as having permanent nerve damage
in his left leg as a result of a fall down a
flight of stairs. On examination, he exhib-
ited weak ankle dorsiflexion and lateral in-
stability of the subtalar joint. The patient
himself complained of pain and instability
of his ankle when standing or ambulating
Moreover, the muscle imbalance in his leg
was a potential cause of contractures.

Two different types of Ankle-Foot Or-
thoses had been prescribed, used, and
subsequently rejected by the patient. The
first was a solid-ankle, custom molded,
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polypropylene A.F.O. which unnecessar-
ily restricted ankle plantarflexion and dor-
siflexion. The second orthosis was a dou-
ble-upright A.F.O. with dorsiflexion assist
and a lateral control T-strap attached to the
shoe. The patient found this orthosis
bulky, noisy, cosmetically unacceptable,
and not truly supportive, as the foot con-
tinued to invert inside of the shoe.

TREATMENT

When this patient was referred to me, I
recommended a custom molded plastic
ankle foot orthosis with articulated ankle
and dorsiflexion assist.! Although this de-
sign would have been functional and sup-
portive, the patient rejected the idea of
having metal ankle joints.

Since any use of metal joints would be
refused, I designed a custom molded
single-form A.F.O. with medial and lateral
extensions to control the M-L instability.2
The patient accepted the design, but the
difficult to finish ankle trimline sacrified
purchase area, reducing the effectiveness
of M-L support. Also, the design was prone
to fatigue and breakage in the narrow
curves.

The final solution was found in design-
ing a Multiple-Form Plastic A.F.O. com-
bining a posterior leaf-spring Molded
A.F.O. and an overlapping reinforced form
extending medially and laterally for rigid
support. The patient was satisfied with the
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function, support, and cosmesis of this
orthosis. His physician and therapist ap-
proved after their respective evaluations.

FOLLOW-UP EVALUATION

Five years later, the patient was seen for
an updated evaluation. The medical team
concluded that the orthosis was still func-
tioning well and it was refurbished with
new Velcro® closures and new plastizote®
malleoli padding (Figures 1, 2). The team
was pleased to find that the patient’s ankle
joint was not rigid and that he had not
developed a varus contracture at the sub-
talar joint. The patient now receives six
month periodic evaluations due to the age
of his orthosis.

FABRICATION AND
FITTING

A standard design, polypropylene, pos-
terior leaf spring, molded A.F.O. is fabri-
cated and trial fitted to finalize a trim line
that will support the weak dorsiflexors, yet
allow flexibility for normal active plantar-
flexion. The completed leafspring section
is again placed on the plaster model and a
second polypropylene form is vacuum
formed over the first. The second form
should be reinforced with strips of poly-
propylene.® From this, a section to control
medio-lateral instability will be cut and
fitted for optimum function (Figure 3). The
distal posterior underside of the second
form must be beveled generously to pre-
vent the stress of repeated plantarflexion
from causing premature fatigue of the
plastic. The second form is secured with
screws to the mid-calf section of the first
form allowing for easy removal for trimline
adjustments (Figure 4). Velcro® closures
keep the leg positioned in the orthosis.

CONCLUSION

The Multiple-Form Plastic A.F.O. is
made of two sections, a posterior leaf-
spring A.F.O. for antero-posterior control,
and a reinforced second form for medio-
lateral control. This orthotic design was

Figure 1. Medial view of multiple form plastic
AFO.

Figure 2. Anterior view of multiple form plastic AFO
showing minimal anatomical change.
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Figure 3. Lateral view of the multiple form plastic
AFO showing the added material at the ankle to pro-
vide sufficient control of the lateral instability. The
trim line is crucial in this area.

able to meet one patient’s needs for main-
taining ankle function, preventing further
subtalar instability or deformity and dis-
playing acceptable levels of visual, audit-
ory, and sensory cosmesis. Whereas most
patients who display weak dorsiflexors
and lateral instability can be accommo-
dated through more standard orthotic de-
signs, it is suggested that the Multiple-
Form molded A.F.O. may be useful in
select situations.

Figure 4. Posterior view showing the attachment
points of the second form.
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Technical Note:

The Application of Nickelplast in
Fabricating a PTB Insert

Glenn Kays, B.S., C.P.O.
Greg Scott, B.A., C.P.

For several years, we have been experi-
menting with various materials in an effort
to develop a PTB insert that would meet the
following criteria:

1. Ease of fabrication
Appealing cosmesis
Ease of modification
Material integrity that is not com-
promised under weight bearing

In our opinion, Kemblo and PELITE®,
the materials of choice in the past, do not
satisfactorily meet the above criteria. Nor
do Aliplast, Lynadure, Spenco®, PPT, or
silicone gel. Nickelplast! is the material
that has come the closest to fitting our
needs.

2.
3.
4

FABRICATION

The steps in fabricating the Nickelplast

insert are as follows:

1. Lay up the leather interface in the
normal fashion.

2. Cut a pattern out of %1¢" Nickelplast as
shown in Figure 1.

3. Skive one side of the material, on a
drum sander, at least one inch in from
leading edge.

4. Glue the leather interface and Nickel-
plast with 3M contact cement or an
equivalent adhesive.

5. Allow the glue to set five minutes,
and then place the Nickelplast in the
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Figure 1. A pattern is made of the Nickelplast material
according to the measurements of the positive model.

oven at 350°F for one minute, after
which time the material will be flexi-
ble and easily worked.

6. Remove the material from the oven
and place the skived edge of the Nick-
elplast along the posterior midline as
shown in Figure 2. Continue to wrap
the material around the positive
model while moderately stretching
and hand forming to insure a good
bond between the materials.

7. Trim the posterior, leaving a one inch
overlap, as shown in Figure 3. Glue
the edge with poly adhesive,? and
skive the overlapped material to pro-
vide a smooth seam.
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Figure 2. One edge of the skived material is attached
to the midline.

Figure 3. A one-inch overlap is made of the insert
material after molding around the positive mold.

8. Cap the distal end with %1¢" Nickel-
plast using poly adhesive. Skive the
distal end cap, pull a sheet of P.V.A.
over the liner and laminate the socket
in the usual manner. A finished insert
is shown in Figure 4.

We have now been using Nickelplast,

successfully, in the fabrication of PTB in-

Figure 4. The finished appearance of the Nickelplast
insert.

serts for over two years. In this length of
time we have fit ninety-two patients using
this material. PTB inserts with supracon-
dylar and suprapatellar suspension have
also been successfully fabricated with
nickelplast. On examination of the first in-
serts we fabricated from this material, we
found that they held up better than inserts
made from the other previously mentioned
materials. Recently we have used Nickel-
plast in conjunction with silicone gel and
other materials for management of difficult
fitting problems. Patient acceptance is very
good, and comfort and durability has in-
creased over other inserts that they have
worn.

NOTES

'Alimed, Boston, Massachusetts
?Cascade Orthopedic Supply Co., Chester, California

AUTHORS

Mr. Kays and Mr. Scott are affiliated with Webb’s K. E. Karlson Co
5335 W Twelfth Avenue, Portland, Oregon 97205
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J»Vfl TWO-POST ORTHOSIS for stabilizing
=1 cervical and upper thoracic regions.
Spinal orthoses are our only product. They are only
available through ethical dispensing orthotists. Because
of this we have the motivation and the skill to provide
you with the highest quality orthoses possible for max-
imum acceptance by your doctors and patients. And we
back you up with 24-hour delivery of your prescription
arders anywhere in the country, Plus, we have a price
/ structure to make our service -
. your most profitable way to Florm
. ilt prescriptions. Florida Brace
- Corporation, P.0.Box 1229, | B EcRAC@
Winter Park, Florida 32789.

Corporation




refabricated polyethylene femoral, tibial and foot/ankle components design-
d for distal femoral and tibial plateau fractures, as well as post operative
nee ligamentous repair and problem total hip patients. Unique narrow M-L
nd long A-P femoral component design provides increased lateral pressure
n the femoral shaft and fits a wide range of patients with limited custom
tting. Anterior openings of tibial and femoral components facilitate applica-
on, adjustment, removal and skin care. Components can be joined at the
nee with Chicago-type screws and at the ankle with Velcro. Adaptable to
our choice of knee joints - free knee, limited motion, or adjustable.

eparate components for both right and left legs are easily trimmed and
n be fit in the hospital facility.

refabricated Components*

ENVIORAL
RACTURE

ORTHOSIS

Interchangeable small, medium, medium-long,
and large femoral, tibial, and shoe insert com-
ponents available separately for each leg

*US Patent 4,320,748
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REVIEWS

by Charles H. Pritham, C.P.O.

Tumor Prostheses for Bone and Joint Recon-
struction: The Design and Agplication,
Edited by Edmund Yee-su Chao, Ph.D.
and John C. Ivins, M.D., Thieme-Stratton,
Inc., 381 Park Avenue, South, New York,
N.Y. 10016. 463 pages and index, 1983,
$62.00.

This book reports the results of a work-
shop held in 1981. Fifty-eight papers are
presented in the book, and apparently,
even more were heard in the workshop,
which included some 100 participants from
around the world. Topics covered included
surgery, chemotherapy, allograft recon-
structive procedures, tumor endoprosthe-
ses, design considerations, implant mate-
rials, and attempts to assess the long term
effects. While many of the papers were
concerned with the pelvis and femur, the
shoulder, humerus, and spine were also
covered.

Any prosthetist who has been con-
fronted with a patient who experienced
amputation at a high level due to malignant
cancer might well find this book of interest
from a technical point of view. Unfortu-
nately, it is apparently too early to properly
assess the long term effects of surgically
replacing a cancerous skeletal element with
a man-made analog. While many papers of
a technical nature are presented, there are
very few that attempt to measure the pa-
tient’s long term quality of life.
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Sourcebook of Medical Communication,
Robert C. Reeder, C.V. Mosby Co., 11830
Westline Industrial Dr., St. Louis, Missouri
63141. 308 pages, index, and bibliography.

Increasingly, health care professionals
are being called upon to express them-
selves through a variety of media. Prosthe-
tists/orthotists in particular have experi-
enced a radical change in role in the past
thirty years. Once, their time was spent
primarily fabricating devices. Today they
are quite likely to spend the majority of
their time communicating with others both
as individuals and in groups. In order to
express ourselves effectively, it is neces-
sary to understand how to use the media
and resources available. Such is the pur-
pose of this book.

Dr. Reeder, with the assistance of a large
slate of contributors, has explored a diverse
group of topics. Included are: how to write
in a variety of formats, photography and
slide presentations, office sketching, pub-
lic speaking, and management of a scien-
tific seminar. This latter section is particu-
larly interesting as it includes suggestions
for schedules and timetables, room ar-
rangements, and dealing with the hotel
staff.

This book is recommended as a practical
primer. A number of provisions should be
kept in mind, howeer. No book of this
length can hope to treat such alarge subject
as this in depth, and in places the book is
sketchy and in others is mildly repetitious.
Dr. Reeder is a plastic surgeon and much of
the material is specifically concerned with
the particular needs of this branch of medi-
cine. This latter point, however, is hardly a
serious objection and does not detract from
the general utility of the book.
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Journal of the American Orthotic and Prosthetic Association
717 Pendleton Street
Alexandria, Virginia 22314
(703) 836-7116

Orthotics and Prosthetics, the only publication of its kind in the U.S,, is a
quarterly scientific journal providing information relative to the fields of
orthotics and prosthetics. Because of its unique place in the literature, and
its recognition worldwide, Orthotics and Prosthetics draws articles on
the latest innovations from the health care profession’s foremost authors.
It is an integral component of any rehabilitation professional’s library.

1984 Orthotics and Prosthetics yearly subscription rates—

Domestic (U.S., Canada, Mexico) .................... $24.00
BOreipit) oo o ol ok v o osebilanson v osped ad i $28.00
Foreign Air Mail Delivery ........................... $48.00

D Yes! 1 want to subscribe to Orihotics and Prosthetics, T am enclosin
g

a check, payable to AOPA, in the amount of $ , for yearly
subscriptions.

Name

Address S—

City State Zip

Make all checks payable to AOPA.

Mail to: AOPA
717 Pendleton Street
Alexandria, VA 22314
U.S.A.
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Classified Ads

In order to properly calculate the number of words in (and the cost of) a classified advertise-
ment according to the method used by AOPA, the advertiser should do the following. Add
up every character in the ad, including commas, hyphens, etc. Divide the sum by five (we
consider a word to consist of 5 characters) to find the total number of words. Then figure the
cost based on these rates: MEMBERS—first 30 words $32.00. Each addiitonal word $1.50.
NON-MEMBERS—first 30 words $78.00. Each additional word $4.00. Responses to AOPA
Box numbers are forwarded unopened free of charge. Advertisements are to be paid in
advance. Checks should be made payable to AOPA. Send to AOPA, 717 Pendleton Street,
Alexandria, VA 22314. No classifiecd ads will be taken by phone.

Prosthetic Technician—Immediate open-
ing for person experienced in prosthetic
fabrication in a New York firm. Salary
based on experience and ability. Attractive
benefits package. Please contact: Dorsch
Prosthetics & Orthotics, Inc., 109 E. 29th
Street, New York, NY 10016. (212) 684-
7263.

Experienced CPO for modern facility to
manage or partnership. Immediate open-
ing. Reply to AOPA Box 38401, 717 Pen-
dleton Street, Alexandria, VA 22314.

774

Orthotist/Prosthetist

Excellent opportunity for a CPO, CO or
board eligible in our 430-bed certified
facility with a complete rehabilitation
team. Competitive wage and benefit pack-
age.

Bangor is located in an outstanding 4-
season recreation area, within 1¥2 hours of
excellent sailing, hunting, fishing, hiking,
camping and skiing areas. The main cam-
pus of the University of Maine is 8 miles
away in Orono.

Qualified applicants may forward re-
sumes to, or contact:

Debby Ouellete
Employment Representative
Eastern Maine Medical Center
489 State Street
Bangor, ME 04401
(207) 947-3711, ext. 2868

EOE
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TO: PERSONS WORKING IN REHABILITATION

FROM: SIEGFRIED PAUL, CPO (E), INTERNATIONAL SCIENTIFIC
PROGRAM CO-CHAIRMAN
ROBERT E. FANNIN, CO, DOMESTIC SCIENTIFIC PROGRAM
CO-CHAIRMAN

RE: CALL FOR CONTRIBUTED PAPERS FOR THE 1984 ASSEMBLY
SCIENTIFIC PROGRAM

The American Orthotic and Prosthetic Association is an organization whose 800-
plus membership consists of firms involved in the design, manufacture, and fitting
of orthoses and prostheses. The primary objective of AOPA is to promote high levels
of orthotic/prosthetic patient care services to the orthopedically handicapped. To aid
in achieving this goal, each year the Association provides a forum, via its annual
National Assembly, for orthotics and prosthetics professionals to share information
on the many new ideas and/or concepts of or relating to orthotics/prosthetics. Nearly
everyone working in orthotics and prosthetics in the United States attends the As-
sembly, along with many professionals from abroad. The 1984 Assembly will be held
at the Fontainebleau Hotel, Miami Beach, Florida on October 15-21, 1984,

AOPA invites all interested persons to submit an abstract(s) for presentation dur-
ing the Assembly’s Scientific Program. The subject(s) for the abstract(s} should be
new ideas, techniques, devices, and/or research that have a practical application in
orthotics and prosthetics or a related field. Interested persons are invited to submit
more than one abstract. Most presenters will be given 15 minutes for their pre-
sentation.

If you are interested in participating in the 1984 Assembly, please fill out the
enclosd abstract form and return it to the AOPA National Headquarters no later than
April 30, 1984.

Don’t Hesitate! Do It Now And Be A Part Of One Of The Major International
Rehabilitation Education Meetings Of The Year!

Thank you.

AMERICAN ORTHOTIC AND PROSTHETIC ASSOCIATION
ABSTRACT GUIDELINES

START THE ABSTRACT TITLE HERE USING CAPITAL LETTERS. Follow with authors’
names, Business Addresses, Zip codes. Underline Speakers’ Name. Start third line and any
subsequent lines in heading, if needed, just inside the line at left.

Leave a space between heading and abstract proper. Indent as shown. Keep all lines as wide
as possible without touching or going beyond the lines at either side. Short lines create extra
pages and add to publication expense. Avoid them where possible. Keep the text in one
paragraph. If literature citations are needed, insert them in parentheses and not as footnotes.
Credits, if any, should be added at the end of the abstract, but not as a new paragraph. Use an
electric typewriter, with carbon ribbon if possible, and a type size to give about 88 characters
(letters) per 7%z inch line. Before submitting your abstract, check format, nomenclature, and
spelling. Make sure that erasures do not show. Abstracts will not be retyped, but reproduced
photographically at two-thirds the criginal size, minus the guidelines which are nonreprodu-
cible. If the standard form is not available when you need it, use plain white paper. Do not
draw guidelines. Set your typewriter for a 7%z inch line and use the format shown here. Please
mail the abstract unfolded.

MAIL ABSTRACT UNFOLDED TO: AOPA National Headquarters
717 Pendleton Street
Alexandria, VA 22314
U.S.A.
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AMERICAN ORTHOTIC AND PROSTHETIC ASSOCIATION
ABSTRACT FORM

TITLE OF PAPER:

AUTHORS:
(Underline speaker)

ADDRESS (Include Zip Code):

PHONE: |
OCCUPATION: — Orthotist i P T — M.D.

=t o ST v EG.RO, —— Other (Specify)

—— Prosthetist —— Engineer
AUDIOVISUAL REQUIREMENTS: — 35mm slides

— Overhead projector
— 16mm sound movie
—— Other (Specify)

ABSTRACT: Maximum of 200 words or equivalent. Include Title of Paper, Authors’
names, Addresses with zip code. Use single space typing. Use full
width of ruled area.

MAIL ABSTRACT UNFOLDED TO: AOPA National Headquarters
717 Pendleton Street
Alexandria, VA 22314
U.S.A.
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A technological breakthrough:

OTTO BOCK «ORTHOGLAS» Technigue

ORTHOPEDIC INDUSTRY INC
UNITED STATES OF AMERICA

4130 Highway 55
MINNEAPOLIS/Minnesota 55422
Telephone (612) 521-3634

Telex 2 90 992

© OTTO BOCK 06.1982

R e e ——

The transparent test socket is gaining recognition as a highly
valuable diagnostic tool for achieving an optimum fit in the defini-
tive prosthesis.

OTTO BOCK proudly introduces the «ORTHOGLAS» Cone, an
advantageous material and shape for vacuum forming test
sockets. It can be formed over a wet or dry cast, heated and
reshaped for minor maodifications, and it provides an even wall
thickness. The «ORTHOGLAS~» socket also offers excellent clarity.

A definitive prosthesis can be made with an «ORTHOGLAS»
socket, if it is properly reinforced with an exterior lamination of
ORTHOCRYL Resin.

Call or write for our Technical Information 11.1.5 which details
the fabrication process.
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You’re looking at all the cervical orthoses you'll need
to correctly fit all of your patients.

One size fits all. A variety of Velcro closure

The S.OM.L® Jr. in addition adjustment points control orthosis
to being completely adjustable, circumference and height while
is a lightweight cervical orthosis modifications to orthosis shape may

designed to immobilize the cervical — be eastly made with the application

spine by controlling rotation, tlexion  of heat.

and extension, A lightweight plastazote lining |
It is especially effective when makes the SOMI® Jr.™ extremely i

used as part of a total rehabilitation  comfortable and cosmetic in

program after removal of the more  appearance. It is completely wash-

rigid regular S.O.M.1.% Orthosis. able and may be applied right oft

the shelf in any clinical setting.
U=iiE

United States Manufacturing Company
180 N. San Gabriel Bivd., P.O. Box 5030, Pasadena, California 91107 U.S.A.
(818) 796-0477, Cable: LIMBRACE, TWX No.: 910-588-1973, Telex: 466-302

Product Number: A17-800-0000

Patent Pending
©1984, United States Manufacturing Company




Now your VELFOAM Padding canbe
as close as the need.

VELFOAM “breathable” foam padding in
convenient dispenser pack.

Hypo-allergenic, odor-free foam padding, backed with Soft, comfortable
s X Fi VELFOAM lines neck
loop fabrlc, [deal fclnr‘spllnt liners, IV boards, brace oracalERalKiata as
padding, antidecubitis care and wherever breathable a secure closure with
and stretchable padding is desirable for patient comfort. v EL R crial

Attaches with VELCRO hook tape or VELCOIN® self-
stick fasteners. Removes easily for laundering or
examination, reattaches quickly. VELFOAM packaged
hospital clean in six-inch widths; shelf-size pack has
convenient dispenser slot, controls waste.

Contact your supplier today

IMPORTANT TO REMEMBER: All hook and loop
fasteners and fabric look much alike. But they don’t
function that way. For dependability’s sake, demand
the best — VELCRO brand. You can't afford less.

B N o e R o O s L Lo <



Orthotics and Prosthetics, the Journal of AOPA

Announces:

Discount Bulk Gift Subscription Rates
for all AOPA-Member Firms

® Savings of up to 50% off regular subscription price

® Use your extra copies to disseminate information to colleagues, physicians, and members
of your rehabilitation team

® Option to have AOPA mail the extra gift copies to the recipient directly
Discounts apply lo orders of more than 5 ONLY

Two ways to save —$12.00 each per annual subscription, plus shipping, to send all copies
to your firm.

$18.00 each per annual subscription. AOPA will mail directly to the
recipient(s) you designate.

Name AQOPA Member Firm

Address

Zip Phone

[ Please start my subscription for (must be more than 5 for discount) gift copies.

[0 A. Send the order to my address. Enclosed is my check, for $12.00 per subscription,
made payable to AOPA. I understand I will be billed for shipping.

OR
[0 B. Send the order to the name(s) and address{es) I've listed (attached). Enclosed is my

check, for $18.00 per subscription, made payable to AOPA. Please enclose a card
announcing my gift to the recipient.

Make all checks payable to AOPA.

Send to: Orthotics and Prosthetics Bulk Subscriptions
AOPA National Headquarters
717 Pendleton Street
Alexandria, VA 22314
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% 10" Length PTB Socks

e Super Wool e Old Style Wool
e Orlon®/Lycra® e Cotton

10, 12, 14 and 16" Lengths

Size 0: 6x3; 6x3'2; 6x4 and 6 x5 Top/Toe Widths
Size 1: 7x3%2; 7x4; 7x4% and 7 x5 Top/Toe Widths
Size 2: 8x4; 8x4%2 and 8 x5 Top/Toe Widths

Y New Style
Prosthetic Sheaths

Sizes of Sheaths correspond to
sizes of Prosthetic Socks

New Narrow Width provides better
fit on smaller stumps, Prosthetic
Sock sizes #B, #0 and #1

Wide width for AK size made
wider than the Old Style

Fabric has better “hand” and
stretch qualities

Eight sizes cover the majority
of needs.

Call or Write For The Detailed Brochure
TOLL FREE: 1-800-821-3094

KNIT-RITE, INC.

| 2020 GRAND AVENUE — P. O BOX 208
KANSAS CITY, MISSOURI 64141
IN MISSOURI CALL: (816) 221-5200
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