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New Lightweight SACH Foot

|
OTTO BOCK now offers the 1556 Light SACH Foot fabricated |
with a new lightweight foam. The new 1556 SACH Foot is sub- ]
stantially lighter than the OTTO BOCK Standard SACH Foot, yet |
the flexibility and function remains the same. |

We recommend using the 1556 SACH Foot in prostheses when
weight is an important factor, and when the prostheses will not
be subjected to high stress, for example, when fitting geriatric

patients.
1556  OTTO BOCK Light SACH Foot — with Ankle Block, for Men, 18 mm Heel
R AT E Iy e Height, with Elastic Heel Wedge and PEDILAN Sole, Sizes: 22 — 26 cm
4130 Highr
A R rnosolusibals 1557  OTTO BOCK Light SACH Foot — without Ankle Biack, for Men, 18 mm Heel
Telephone (612) 521~3634, 522-1651 Height, with Elastic Heel Wedge and PEDILAN Sole, Sizes 22 — 28 cm

@ OTTO BOCK 11/1982




THIS IS THE ORIGINAL.

WHY DOES IT COST LESS?

Usually when a superior product is cop-
ied, the imitations are priced lower to com-
pete. In the case of the original Dale® Reten-
tion Belt, that didn’t happen. Here's why.

Our Retention Belt is one of a family of
stretch support products designed for hospi-
tal use and made to highest professional
standards. Because we buy all of our materi-
als and dedicate our manufacturing to this
specialty, we can bring you a Retention Belt
that is better made than any other—and

priced significantly lower than the look-alikes.

It's designed for mobility and comfort
as well as support. Double-ply stretch panels
are joined by a patented technique to con-
form to contour and movement. Large
Velcro® closure surfaces are continuously
adjustable and built for long use. The
ﬁocket accepts our own heat-retaining,

igh-density foam insert or any similarly
shaped insert of your choice. And there are
many details of careful workmanship you'll
see and appreciate.

EILE

We invite you to inspect and compare
the Dale retention belt with the belt you are
now using. If you don’t agree completely
that the original is still the best, we'll gladly
refund the low purchase price. Simply send
us the coupon below.

1984 Dale Medical Products.

r ————— S S — — — — 1
I NO RISK TRIAL OFFER |
| Dale Medical Products, Inc. |
] 7 Cross Street, PO. Box 1556, Plainville, MA 02762 |
I [0 Send me one Dale Retention Belt for i
inspection and trial. If | am not completely
| satisfied that it is superior to the belt | am |
| now using, | may return it within 30 days. |
| Otherwise | understand you will bill me for |
the low trial price of $10.00.
| o Please include your high-density, heat- i
| retamir;jg foam insert with the belt at no i
| extra charge. i
| Name _ S —— —
| Address |
IL Gty _  __ State Zp _}
©

Dale Medical Products, Inc., 7 Cross Street, PO. Box 1556, Plainville, MA 02762 U.S.A., Call 800-343-3980
In Mass. and International: 617-695-9316




1.9 Z TWO-POST ORTHOSIS for stabilizing
U cervical and upper thoracic regions.
Spinal erthoses are our only preduct. 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-
imurm acceptance by your doctors and patients. And we
back you up with 24-hour delivery of your prescription
orders anywhere in the country. Plus, we have a price

“structure to make our service -
your most profitable way to Flouda
- ili preseriptions. Florida Brace
/ Corporation, P.O. Box 1299, Bmce
- Winter Park, Florida 32789.
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S$-500 — A COMPACT SANDER TAILORED TO
THE NEEDS OF ORTHOTIC PROFESSIONALS

Sutton Landis has developed a machine which
can be virtually custom-built to suit the needs
of the orthotic professional. It requires only
40’ of wall space and may be ordered with any
combination of 4” or 1-9/16" sanding belts.
Belts are a full 5’ long for maximum cutting
speed and long life. All dust generating areas
are ported to highly efficient dust control
system. For use on orthosis finishing, pros-
thesis construction and modification of pre-
scription footwear. The various shaft configura-
tions are shown below. Call today for further
information. Toll-free: (800) 325-3542.
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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, itis mandatory to check with the National Headquarters prior to confirming date

to avoid conflicts in scheduling.

1984

April 1-4, Asian and Pacific Convocation
on Rehabilitation, to examine how a
wide cross-section of people can work in
partniership with disabled people, spon-
sored by R.I. New Zealand, Rehabilita-
tion League and Accident Compensation
Corporation, Wellington, New Zealand.
Contact: Accident Compensation Cor-
poration, Private Bag, Wellington, New
Zealand.

April 2, Canadian National Society for
Prosthetics and Orthotics, Biennial
Meeting, Westin Bayshore Hotel, Van-
couver, British Columbia, Canada.
Contact: Canadian National Society—
ISPO, Prosthetics-Orthotics Depart-
ment, Chedoke-McMaster Hospitals,
P.O. Box 2000, Station “A,” Hamilton,
Ontario L8N 3Z5 Canada.

April 3-5, Canadian Association of Pros-
thetists and Orthotists Biennial National
Convention, Westin Bayshore Hotel,
British Columbia, Canada. Contact: Box
320-810 West Broadway, Vancouver,
B.C. V5Z 409 Canada.

April 6-7, New England Academy Chapter
Annual Meeting, Worcester Marriott,
Worcester, Massachusetts.

April 7-8, ABC Spring Written Examina-
tions, Ramada Inn Old Town, Alexan-
dria, Virginia; Holiday Inn O’Hare Ken-
nedy, Chicago, Illinois; Airport Execu-
tive Inn, San Francisco, California.
Contact: ABC National Headquarters,
703-836-7114.

April 11-15, The Pacific Rim Orthotics and
Prosthetics Conference, Hotel Interna-
tional, Maui, Hawaii. Endorsed by the
Academy and INTERBOR.

April 12-15, AOPA Region IV Annual
Meeting, Waverly Hotel at the Galleria,
Atlanta, Georgia.

April 19-24, 1st International Meeting on
Leisure, Recreation, and Sports, or-
ganized by the Rehabilitation Interna-
tional Commission and sponsored by
R.I., the Japanese Society for Rehabilita-
tion of the Disabled and the govern-
ments of Gamagori City and Aichi Pre-
fecture, Gamagori, Japan. Contact: Japan
Sun Industries, Kamegawa, Beppu
874-01 Japan.

April 25-27, “Spinal Cord Injury: Rx for
Management,” a three day conference
sponsored by Dallas Rehabilitation In-
stitute and Dallas Rehabilitation Foun-
dation will be held at the Holiday Inn
Brookhollow, Dallas, Texas. Pre-regis-
tration fee (before April 16, 1984) is $150.
Special one day rates and group dis-
counts (ten or more) are available. Over
26 experts in the field of spinal cord in-
jury rehabilitation will be speaking. For
more information or to receive registra-
tion materials, contact the public rela-
tions department, Dallas Rehabilitation
Institute, 7850 Brookhollow Rd., Dallas,
TX 75235, (214) 920-8040.

May 3-5, AOPA Regions I, II, and lIl Com-
bined Annual Meeting, Concord Hotel,
Kiamesha Lake, New York.

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

May 24-26, AOPA Region V Annual
Meeting, Amway Grand Plaza Hotel,
Grand Rapids, Michigan.

June 1-3, AOPA Region IX, COPA, and the
California Chapters of the Academy
Combined Annual Meeting, Lake Ar-
rowhead, California.



June 4-8, 15th World Congress of Re-
habilitation International on theme,
“Information, Awareness, and Under-
standing for Integration of Disabled Per-
sons and Society,” Lisbon, Portugal.
Contact: (Program) Rehabilitation Inter-
national, 432 Park Avenue South, New
York, New York 10016.

June 12-July 4, 7th World Wheelchair
Games (formerly Paralympics), Univer-
sity of Illinois, Champaign, Illinois.
Contact: Prof. Timothy Nugent, Re-
habilitation Education Center, 1207
South Oak Street, Champaign, Illinois
61820.

June 16-28, 1984 International Games for
the Disabled, sponsored by the Interna-
tional Sports Organization for the Dis-
abled, Nassau County, Long Island,
New York. Contact: Mr. Michael Mu-
shett, Director, 1984 International Games
for the Disabled, c/o Special Populations
Unit, Eisenhower Park, East Meadow,
New York 11554.

June 17-22, “1984—The Bright Side,” The
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
ORS6.

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

June 28-30, AOPA Regions VII, VIII, X,
and XI Combined Meeting, North Shore
Convention Center, 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.

October 15-21, AOPA General Assembly
and International Congress, Fontaine-
bleau Hotel, Miami Beach, Florida.
Contact: AOPA National Headquarters,
703-836-7116.

1985

January 30-February 3, Academy Annual
Meeting and Seminar, Cathedral Hill
Hotel, San Francisco, California. Con-
tact: Academy National Headquarters,
703-836-7118.

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

June 7-9, AOPA Region IX, COPA, and the
California Chapters of the Academy
Combined Annual Meeting.

October 15-20, AOPA Annual National
Assembly, Town and Country Hotel, San
Diego, California. Contact: AOPA Na-
tional Headquarters, 703-836-7116.




CENTRAL FABRICATION

Conventional Dynamic Orthosis
(All Metal Construction)

KAFO

CUSTOM MADE TO YOUR
MEASUREMENTS AND
SPECIFICATIONS FROM
ATLANTA & ORLANDO

AFO

. __ALSO AVAILABLE
Any Selected Ankle Joint Leather Work
Any Selected Knee Joint Shoe Attachment
Any Selected Stirrup UCB Shoe Insert
Any Selected Hip Joint Knee Pads
Growth Adjustments “T” Straps

Ring Locks
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New levels of function are now being achieved

for amputees by prosthetists fitting the Utah Arificial

Arm. Light weight and freedom from cables allow a more
comfortable fit. Design advances provide quietness

and cosmesis in a modular system that includes
myoelectric hand control

Shouldn't your patients be fitted by you with the

most advanced prosthesis available?

For more information or to discuss your patient

call Harold Sears collect at 801-364-1958
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Advertisers are encouraged to submit names of contact persons for inclusion in the Ad
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“One of the ingredients of our good service is inventory,”

says Paul Leimkuehler, PEL’s President.

Orthotic and prosthetic parts and CALL TOLL FREE 1-800-321-1264

supplies, by the manufacturers you
know and respect, can be shipped

directly to you with just one phone
call. No need to spend time mak- t,
ing extra calls or waiting need- gss I\E\E&Xg Rcd_o.

lessly for your order to arrive -- Cleveland, Ohio 44135

in Ohio, cal collect 216-267-5775

PEL HAS TODAY, WHAT YOU NEED TOMORROW.
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INVITES THE SUBMISSION OF ALL ARTICLES AND MANUSCRIPTS
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A New Concept in Orthotics Joint
Design—The Northwestern
University Knee Orthosis System

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

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

George T. Shybut, M.D.

INTRODUCTION

When an orthosis is applied to the knee,
it should, hypothetically, allow a full, unre-
stricted range of motion to occur, except at
appropriate limits of motion where or-
thotic constraints are intentionally intro-
duced to provide the extra stability re-
quired to compensate for soft tissue insuf-
ficiency. For example, an orthosis applied
to the knee to correct recurvatum should in
no way restrict normal flexion, and should
introduce a constraint force only near ex-
tension where the extra stability is re-
quired.

In reality, however, commercially avail-
able orthoses fall short of this ideal. One of
the major problem areas is that orthotic
knee joints used currently follow kinematic
or motion pathways which are considera-
bly simpler than those of the natural knee
joint, whose motion is three dimensional
in nature. Single axis hinges are most
common, although other designs, such as
the polycentric, have evolved in an attempt
to more closely simulate the complex roll-
ing and sliding which accompanies flex-
ion-extension of the natural joint. The
mismatch between the orthotic and natural
knee joint motions can cause an unwanted
constraint force or binding to occur, with

15

the subsequent pistoning of the orthotic
components over the lower limb, produc-
ing restriction of the normal range of mo-
tion, distal migration and misalignment of
the orthosis, and skin pressure discomfort.

Our laboratory has developed an or-
thotic knee joint which more closely mim-
ics the motion of the natural knee. We be-
lieve it offers some significant advantages
over existing orthotic joints, and allows de-
sign of more effective knee orthoses. This
report describes the proposed orthotic
joint, the rationale behind its design, its
advantages, and evidence of its value. A
second report will present a description of
a complete knee orthosis using the im-
proved joints.

DESCRIPTION OF
THE JOINT

The joint consists of a metal, multicur-
vature femoral component in the shape of
the sagittal profile of the distal femur, and a
slotted plastic tibial component with a
larger, flatter articulating surface approxi-
mating the profile of the proximal tibia
(Figure 1). The femoral component articu-
lates within the tibial slot so that the sur-
faces become highly conforming or en-
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gaged in extension, preventing anterior-
posterior motion, as in the natural joint, In
flexion, however, the smaller posterior fe-
moral curvature provides for a low degree
of conformity or capture by the tibial cur-
vature, allowing the femoral articulating
surface to roll and slide anterior-poster-
iorly over the tibial component, thereby
imitating the natural knee. The component
curvatures and amount of capture are
variable in design, and can be chosen de-
pending upon the patient application. We
have chosen a set of curvatures which lim-
its the size of the orthotic joints, yet allows
a possible eight millimeters of anterior-
posterior displacement to accompany
flexion.

Stability is added to the orthotic joint
through the presence of inextensible dac-
ron straps which cross the joint (Figure 1).
These straps are attached distally to the
plastic tibial component, and proximally to
ametal ligament attachment plate, which is
in turn fastened to the sidebar of the fe-

proximal sidebar

metal ligament
gttachment piate

Figure 1: The above sketch shows the components of
the proposed orthotic joint design: metal femoral
component, slotted plastic tibial component with
metal sidebar, metal ligament attachment plate, and
three dacron ligament straps (the collateral design in
this example).

moral component. The straps simulate the
location, orientation, and function of knee
ligaments. These “ligament straps” tighten
and become lax at different times during
the range of motion, yet allow the anter-
ior-posterior rolling and sliding of the fe-
moral component over the tibial compo-
nent to occur. The number and location of
these ligament straps can be varied and is
dependent upon the particular mode of
stability required. At present, we routinely
use three basic ligament strap configura-
tions: an anterior cruciate design, a collat-
eral design, and a posterior cruciate design
(Figures 2a, b, c¢). Note that each joint de-
sign has three straps which are located and
oriented so as to sequentially tighten at 0°,
45°, and 90° of flexion, respectively.

For example, Figure 3 shows the se-
quential tightening of the three straps of a
posterior cruciate joint. Each one of the
straps tightens at a particular flexion angle,
while the other two remain lax. Note that
when a ligament strap is tight, it has ap-
proximately the same line of action or ori-
entation as the natural posterior cruciate
ligament. Figure 3 also shows the femoral
component rolling and sliding posteriorly
with flexion. A computerized mathemat-
ical model was used to define potential
strap locations. The data generated by the
model provides length patterns for all pos-
sible strap attachments, predicting where
in the flexion range the strap would get
tight, and in what direction the subse-
quent strap force would act.

BIOMECHANICAL DESIGN
RATIONALE

Because the surfaces of the anatomical
knee articulate without a great deal of cap-
ture, the muscles and ligaments (their at-
tachment locations and orientations) must
precisely interact with the geometry of the
articular surfaces to generate lower limb
function yet provide stability. For example,
it has been hypothesized by Lewis, et. al.
(1983)3 that knee ligaments have a dual
function. The “high-level” function is
when ligaments provide stability in a
traumatic situation, where the external
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Figure 2A: Anterior cruciate jointde- Figure 2B: Collateral joint design. Figure 2C: Posterior cruciate joint
sign. design.

Sequential Tightening of Posterior Cruciote Design Ligoment Straps

posterior
rolling+sliding
with flexion

’ t } !
| "Extension Strap-1' 45° Flexion Strap-2  90° Flexion Strap-3

Figure 3: Sketch shows the sequential tightening of the ligament straps of the posterior cruciate joint design, at
extension (left), 45 degrees flexion (middle), and 90 degrees flexion (right).
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Figure 4: The proposed orthotic joint design is based upon earlier research
regarding the interaction of knee ligament mechanics with internal knee pros-
theses. A sagittal view of the cross sections (radii of curvatures—R,r) of the tibial
and femoral components of these implants are shown above.

load occurs too rapidly for the muscles to
equilibrate. The “low-load” function is
when ligaments keep the correct apposi-
tion of the articular surfaces during mus-
cle-generated function, providing for
proper joint lubrication and normal contact
forces. This low level function is particu-
larly dependent upon the relationship of
the geometry of the articular surfaces and
ligaments. As previously mentioned in the
Introduction, when simplified artificial
joints are placed in (total joint replace-
ments) or around {(orthoses) the knee, con-
straints are generated in the natural joint
structures as they oppose the motions im-

posed by the artificial joints. This con-
straint is recognized externally as piston-
ing, and internally as, among other things,
ligament incompatability.

As an example of the above, Lew and
Lewis (1982)! performed a study in which
cruciate ligament forces were measured
during the flexion of specimens containing
a low conforming, anatomically shaped
knee implant design, as well as a high-
conforming, non-anatomical implant de-
sign (Figure 4). In the non-anatomical im-
plant, which did not allow rolling and
sliding to accompany flexion as in the
natural joint, the full range of motion was
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restricted to about 60 degrees of flexion,
and abnormally large constraint forces ap-
peared in the posterior cruciate ligament.
The anatomical implant, on the other hand,
allowed the rolling and sliding of the
natural joint, so that a full range of flexion
was attainable, and cruciate ligament
forces approached that of a normal knee.
The above findings can be extended to the
design of orthotic joint components. The
orthotic articular surfaces should have the
freedom to reorient themselves as dictated
by the internal ligaments (or muscles, for
that matter) for as many of the components
of natural joint motion as possible. In this
way, unwanted constraints will be mini-
mized, and an unrestricted range of motion
can be obtained.

The design of the proposed orthotic
joints closely follows this biomechanical
principle. Depending upon the constraints
introduced to the orthotic joints and com-
plete knee orthosis (because of the pa-
tient’s particular condition), the proposed
orthotic, articular surfaces can potentially
allow five of the six possible components of
knee motion, the exception being me-
dial-lateral displacement (refer to Figure 5).
Anterior-posterior rolling and sliding of
components during flexion-extension are
possible, as described earlier. Distraction
of component articular surfaces is allowed,
which in turn permits varus-valgus rota-
tions to occur at any flexion angle. Trans-
verse rotations are possible through the
anterior-posterior and distractive dis-
placements of the joint components. Thus,
the orthotic joint articular surfaces reorient
themselves as dictated by the internal knee
structures, to a greater degree than other
commonly used orthotic joints. Given any
particular soft tissue insufficiency, specific
ligament strap constraints can be added to
restrain any of the above affected motion
components, so that the joints allow a full
range of knee motion to occur. The only
exception is for points in the motion where
extra stability is required to compensate for
the soft tissue instability present. The va-
lidity of this design concept will be demon-
strated by a mechanical evaluation, a de-
scription of which follows in the next sec-
tion of this report.

Another biomechanical principle to be
considered is that the geometry of the
natural knee ligaments is such that they
become loaded during a wide range of ex-
ternal joint load conditions. Lewis, et. al.
(1983)3 measured ligament forces in a series
of seven specimens, with the purpose of
cataloging external load conditions (ap-
plied to the tibia) which loaded particular
ligaments.

The anterior cruciate was found to be
highly loaded during several load condi-
tions near extension {(anterior-directed
force or anterior drawer, varus, and inter-
nal rotation). The posterior cruciate liga-
ment was highly loaded for various ex-
ternal load directions near 90 degrees
flexion (posterior-directed force or poster-
ior drawer, varus-valgus, and internal-ex-
ternal rotation). The medial collateral liga-
ment was highly loaded during internal-
external rotation and valgus, throughout
the flexion range. The lateral collateral
ligament was highly loaded during varus
and internal rotation, throughout the flex-
ion range. The anterior cruciate and both
collateral ligaments were highly loaded
during hyperextension. Given the previ-
ous argument for anatomically shaped or-
thotic joint components, the above infor-
mation is important when designing con-
straints into the orthotic joints (such as
“ligament straps”) or the complete ortho-
sis, to provide stability for specific liga-
ment insufficiencies.

The orthotic ligament straps are oriented
and located in relation to the orthotic ar-
ticular surfaces so as to function similar to
the natural knee ligaments. The straps se-
quentially tighten within the flexion range,
such that their lines of action (when taut)
can assist in the restraint of the array of
external load conditions described above.
The ligament straps, in conjunction with
changes to the orthotic interface (to be de-
scribed in a later report), provide stability
to the anatomically shaped orthotic joint
surfaces, and can be tailored to handle spe-
cific ligament insufficiencies.
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Figure 5: Sketch shows how the various components of knee joint motion can occur with the proposed orthotic
joint design. Medial-lateral displacement is the only motion not allowed.
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MECHANICAL
VERIFICATION OF
THE DESIGN

The authors have previously reported a
procedure for comparing the efficacy of
orthotic knee joints, based upon their ten-
dency to produce pistoning (refer to Lew,
et. al. 19822 for details). Pistoning trans-
ducers were designed, which were capable
of being interchangeably incorporated into
the sidebars of various orthotic joint de-
signs. As a subject wearing an evaluation
orthosis performed functional activities,
the transducers on the medial and lateral
orthotic joint sidebars would directly mea-
sure the resulting pistoning constraint
forces generated by the conflict between
the simplified orthotic joint motion and the
complex natural joint motion. This proce-
dure was used to compare the pistoning
tendency of the proposed anatomically
shaped orthotic joints (the collateral de-
sign) with three commonly used, commer-
cially available orthotic joint designs:

single axis hinges, posterior offset hinges,
and polycentric hinges. The resultant pis-
toning constraint forces were measured as
a subject performed loaded and unloaded
flexion, level walking, getting in/out of a
chair, and climbing up/down a step.
Figure 6 presents the combined results
over all the activities, for each joint design,
the mean and standard deviation of the
combined resultant pistoning forces, and
the normalized mean forces. The data
suggests that the proposed orthotic joints,
because of their semi-constrained, ana-
tomically shaped design, generated an
average of 76 percent less pistoning con-
straint than the commercially available
joint designs (p =< .01). Also note that there
is no statistical significance in the differ-
ences among the pistoning forces of the
three commercially available joint designs.

DISCUSSION

In summary, an improved orthotic knee
joint system has been designed, based

COMBINED RESULTS FOR ALL ACTIVITIES

Figure 6: Atleftis a
summary of the resultant
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pistoning constraint forces for a
combination of all the test
activities for each joint design.
The means and standard
deviations of the resultant
pistoning forces are presented, as
well as the normalized mean
resultant pistoning forces over
the four joint designs.
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upon biomechanical principles associated
with knee motion and ligament mechanics.
The orthotic joint articular surfaces are ana-
tomically shaped and semi-constrained,
so as to allow a close approximation of the
components of natural knee motion, par-
ticularly the anterior-posterior rolling and
sliding which accompanies knee flexion
and extension. Stability is added to the
orthotic joint system through various con-
figurations of inextensible dacron straps
crossing the joints. The precise location
and orientation of these ligament straps is
determined by a mathematical model.

The functional result of this design con-
cept is that the orthotic joint motion can
closely match the motion pathways of the
natural knee, except at particular points in
the range of motion where extra stability is
added to the orthotic joints and interface to
compensate for soft tissue insufficiency.
This improvement was demonstrated by
the fact that in a mechanical evaluation, the
proposed orthotic joints generated an av-
erage of 76 percent less pistoning con-
straint force than other currently popular
joint designs. Thus, the improved design
more closely matches natural knee motion,
decreasing the effects of the binding, mo-
tion restriction, and discomfort, often as-
sociated with pistoning.

Another advantage of the anatomical
orthotic joints is their high degree of varia-
bility; that is, various joint parameters can
be tailored to address specific soft tissue
problems. Many variations of soft tissue
instability exist, due to the involvement of
individual or combinations of knee liga-
ments and/or capsular structures, each
with its own instability direction. Many of
the current, commercially available or-
thotic joints cannot be modified to handle
specific ligament problems, as one design
is used regardless of the type of soft tissue
insufficiency present.

The following are some of the potential
variations of the basic proposed orthotic
joint designs. The mathematical model can
be easily adapted to compute locations of
ligament straps which tighten at other
flexion angles of interest (besides the 0°,
45°, and 90° straps of the basic design).

It is also possible to design various hy-
brid strap configurations by combining
one or more ligament straps from the cruci-
ate and/or collateral joint designs. For
example, an individual presenting with an
antero-medial rotatory instability resulting
from an anterior cruciate and medial collat-
eral ligament deficit may require a hybrid
combination of the anterior cruciate and
collateral strap configurations.

Other variables are the curvatures
of the articulating surfaces of the or-
thotic joints. For example, given a person
with a total knee replacement requiring
orthotic treatment, the orthotic joint com-
ponent curvatures and strapping configu-
ration can be tailored to match the geom-
etry of the internal implant. Application of
the orthotic joint designs to specific clinical
situations will be described by several case
studies presented in a later report.

The degree of suspension or fixation of a
knee orthosis to the lower limb is inti-
mately related to the motion pathways al-
lowed by the associated orthotic joints.
Since the motion of most currently avail-
able orthotic joints does not match natural
knee kinematics closely enough, a tight-
ly fitting interface will just magnify the
pistoning constraint. This situation would
be particularly harmful, for example, if an
orthosis was intended to protect surgically
reconstructed knee ligaments, since the
pistoning constraint may cause stretching
of the healing tissue. On the other hand, if
the interface components were not tightly
fitting to relieve the effects of the pistoning
constraint, the orthosis would not provide
the necessary stability to the joint. Thus,
improvements to the interface suspension
are limited by orthotic joint kinematics.

However, in the case of the proposed
orthotic joints, it was demonstrated that
the motion mismatch and resultant pis-
toning were reduced, thereby setting the
stage so that improvements to the orthotic
interface can be realized. This also will be
dealt with in great detail in a later report.

In a subsequent report, the inclusion of
the improved orthotic joints in a completed
knee orthosis will be described. Some of
the topics included will be the biomech-
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anics of knee orthotic suspension, suspen-
sion improvements contained in the
Northwestern orthosis system, fabrication
details, and a group of case studies show-
ing the adaption of the orthosis system to
specific knee ligament problems.

NOTES

'Lew, W.D. and Lewis, ).L., “The Effect of Knee Prosthesis Geometry
on Cruciate Ligament Mechanics During Flexion,” Journal of Bone and
Joint Surgery, Vol. 64-A, 1982, pp. 734-739.

2Lew, W.D, Patrnchak, C .M., Lewis, |.L., and Schmidt, J., A Com-
parison of Pistoning Forces in Orthotic Knee Joints,” Orthotics and
Prosthetics, 36, 1982, pp. 85-95.

Lewis, ] L, Lew, W.D., Shybut, G.T., Jasty, M, and Hill, ] A,
“Biomechanical Function of Knee Ligaments,” in press, to appear as a
chapter in a book entitled Sports Medicire of the Knee, published by the
C.V. Mosby Company.
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Fabrication and Fitting Instructions:
Trilateral Perthes Orthosis

(Developed by M.A. Tachdjian, M.D.

and Loren D. Jouett, C.P.O.)

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

Legg-Perthes’ disease, osteochondrosis
of the femoral head, is a condition that
affects the femoral head of pre-adolescents,
primarily boys of three to ten years of age.
For some unknown reason, the femoral
head suffers an episode of avascular necro-
sis followed by spontaneous regeneration
of the bone. During the process, the head is
malleable, and, if subjected to deforming
forces, will adopt a flattened aspect that can
eventually cause pain and arthritis.

To preclude this possibility, a number of
treatment schemes have been developed
over the years. Many of them rely on the
so-called containment theory. This holds
that, if the femoral head is held inside the
acetabulum as the bone regenerates, it will
adopt a normal congruent aspect. To
achieve the position of containment, the
femur is abducted and internally rotated.
In addition to these criteria, the Trilateral
Perthes Orthosis! endeavors to unweight
the femur with ischial-gluteal weight-
bearing. In contrast, the Toronto Orthosis?
relies on bilateral abduction and internal
rotation and dispenses with the weight-
bearing component, and the Scottish Rite
Orthosis® relies solely on bilateral ab-
duction.

The orthosis described in this article is
essentially the same as was originally de-
scribed by Mihran A. Tachdjian, M.D. and
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Loren D. Jouett, C.P.O. in their article of
1968. That orthosis (Figure 1) included a
medial upright with knee joint and drop
lock and a patten bottom. An ischial-glu-
teal brim unweighted the affected hip. The
medial edge of the brim was purposely fit

Figure 1: Trilaterial orthosis as originally described
by Tachdjian and Jouett.
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high enough to cause discomfort if the pa-
tient adducted to 20° or less. This, in com-
bination with the lengthening of the distal
components, encouraged abduction. The
posterior portion of the socket, proximal of
the ischial seat, was fit high to encompass
the inferior portion of the buttock and to
block external rotation. This, in combina-
tion with the strap on the shoe, encouraged
internal rotation.

The combination of the three factors—
unweighting of the limb, abduction, and
internal rotation—strove to accomplish the
goals of protecting the diseased hip and
maintaining it in the proper position for
healing. The stirrup was rivetted to the
shoe and free to move up and down and
rotate on the round slide guide extension
bar. A spring running from the end of the
slide guide extension to the stirrup pro-
vided suspension, and a 2"-2%2" compen-
satory lift on the contralateral shoe com-
pleted the orthotic design.

There have been, of course, other de-
signs similar to the design of Tachdjian and
Jouett. Writing in 1970, Glimcher, Radin,
and Amrich* described an orthosis they
referred to as the Pogo Stick Brace (Figure
2). Like the Trilateral Orthosis, this device
incorporated provisions for ischial-gluteal
weight-bearing, abduction, and internal
rotation. Unlike the Trilateral Orthosis, it
attempted to reduce forces on the hip to the
absolute minimum by reducing the activ-
ity of the hip abductors. The authors cor-
rectly argued that the muscular forces act-
ing on the hip were, in some phases of gait,
many times the body weight and cited in
support of this fact the work of Inman,
Paul, and Rydell. Their decision to elimi-
nate the abduction forces on the hip is, of
course, a logical extension of the decision
to eliminate weight-bearing.

This objective of eliminating abduction
forces was to be accomplished not just by
putting the hip abductors in a relaxed po-
sition, but also by denying the lever arm
(the leg in this case) any purchase. To this
end, there was no rigid attachment to the
patient’s leg distally. An “ankle band re-
tainer’”” consisting of spring steel, about 12
inches long, and bent in a “U" shape, was
fastened to the weight-bearing pylon tube.

stainless steal tube

steal rod 12 steel bass plate
repe soling

e

Figure 2: Pogo stick brace as described by Glimcher,
Radin, and Amrich. Illustration reprinted from the
original article {4) and used with the permission of the
editor and authors.

A loose Velcro® strap laterally completed
the retainer. This retainer and its strap
were loose enough that no mechanical pur-
chase could be obtained by theleg. Indeed,
the parents of the child being fitted were to
modify his pants legs to very loose oversize
bell bottoms so that no stabilization from
that source could be obtained. A shoulder
strap to suspend the orthosis was to be
worn, as well as a spring wire dorsiflexion
assist orthosis on the involved side. A
312"-4" buildup on the contralateral shoe
completed the prescription. The authors
stated that the first child had been fitted in
March of 1964 and that at the time of writ-
ing, 24 children had been fitted.
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ANTERIOR VIEW OF LEFT
ABDUCTION ORTHOSIS

SHOULDER SUSPENSION STRAP
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Figure 3: Abduction orthosis described by Birkeland
and Zettl. Illustration reprinted from the original ar-
ticle (5) with the permission of the editor and authors.

RUBBER WALKING HEEL

In 1974, Birkeland and Zettl® described
another variation on the same theme. This
(Figure 3) consisted of the now familiar
plastic trilateral socket, a medial weight-
bearing pylon tube, and an abduction bar
attached to the pattern bottom and to the
patient’s shoe to hold the leg in abduction
and internal rotation. A shoulder strap and
sometimes a Silesian band were used to
suspend the orthosis, and, like the pogo
design, no provision was made for knee
flexion.

Birkeland and Zett]l deliberately elimi-
nated all moving parts from the orthosis
and cited as the advantages of such a

move ruggedness of design and minimal
maintenance. Apparently, little restriction
of patient’s activities were experienced, for
they described instances of children
climbing trees, riding bicycles, and play-
ing baseball with the orthosis on. The au-
thors stated that they had had six years
experience with this design and that it was
their prescription of choice for unilateral
involvement. For instances of bilateral in-
volvement they relied on the Newington
and Toronto orthoses.

Birkeland and Zettl, as did the other au-
thors cited, described the use of a shoe lift
(approximately 212"-3%2") on the opposite
side. They felt that use of such a lift was
necessary to prevent the child from bearing
weight on the involved limb. Without the
lift it would be possible to flex the knee of
the sound side, adduct the hip of the in-
volved leg, and bear weight through the
abduction bar. The use of a lift on the
sound side meant that so much flexion of
the involved hip would be necessary that it
would quickly become uncomfortable.

In contrast, the trilateral orthosis de-
pends on the length of the medial support
bar and patten bottom as well as the dis-
comfort of the medial brim to hold the leg
in abduction. This, of course, obviates the
expense of obtaining and maintaining a lift
on the opposite shoe.

It has also been argued that a shoe lift is
necessary to protect the diseased hip
should the patient adduct it. The theory is
that if the child is not wearing a shoe lift,
and if he adducts the involved limb, then a
state of pelvic obliquity will result and an
extreme amount of the femoral head will be
exposed laterally. If he is wearing a shoe lift
on the opposite side, and if he should ad-
duct to the neutral position, at the very
least, he will not be exposing an extreme
proportion of the femoral head even if the
position is undesirable.

The problem with this argument is that if
the patient is fitted with a shoe lift, and if
the pelvis is to be level, then the orthosis
must be adjusted to establish a level pelvis.
The result is the same relationship as with-
out a shoe lift, only the child is 2"-3" taller.
In contrast to this theory, the authors con-
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Figure 4: View of orthosis showing relationship of
parts and proper nomenclature.

tend that the medial brim should be relied
on to prevent adduction past a position of
20° abduction and should be deliberately
modified so as to be uncomfortable in this
position.

As originally described by Tachdjian and
Jouett, the trilateral orthosis (Figure 1) was
fabricated with a slide guide extension bar
mounted on the lateral side of the distal
knee joint upright and unsupported dis-
tally. Clinical experience in Chattanooga,
Tennessee led to the conclusion that this
arrangement was too weak, and Durr-Fil-
lauer adopted the present design (Figure 4)
in the version it now markets. Dates on the
blueprints of parts for the prefabricated
kits reveal that work began in the early part
of 1969. The present day design has re-
mained substantially unchanged since
then.

Originally, when orthoses were centrally
fabricated, it was specified that the ortho-

tist must furnish full measurements and a
mold of the patient for the weight-bearing
brim. However, as was often the case, or-
thotists neglected to secure an impression
of the patient’s leg before dismissing him
from the office. As a convenience to ortho-
tists in this predicament, we would en-
deavor whenever possible to furnish a
laminated brim from one of the models on
hand, selected on the basis of the mea-
surements furnished by the orthotist. The
resulting brims proved to be so suitable
that some orthotists began ordering on the
basis of measurements alone. Over a
period of four years, from 1971-1975, a
complete range of brim sizes accumulated.
Today, prefabricated brims are available in
a range of fourteen sizes, from 10%2"-17",
in one-half inch increments.

Indications for use of the Trilateral Per-
thes Orthosis include treatment of unilat-
eral Legg-Perthes disease in pre-adoles-
cents. While the orthosis may be used bi-
laterally, consideration should be given to
orthoses intended for bilateral involve-
ment, such as the Scottish Rite Orthosis.

Figure 5: Tracing and measurements required. Solid
line indicates the portion to be traced. Dotted line
indicates patient’s position.
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Experience has shown that use of the trilat-
eral orthosis bilaterally can be very un-
comfortable in the perineum as well as dif-
ficult to walk on.

OBJECTIVES OF THE
TRILATERAL PERTHES
ORTHOSIS

1. To hold the hip in a position of
a. 30 degrees abduction
b. 10-15 degrees internal rotation

2. The application of ischial-gluteal
weight-bearing to unweight the hip

3. To permit ambulation

FABRICATION

Measurements & Tracing: (Figure 5)

1. Patient position: A mid-sagittal line,
longer than the patient, is drawnon a
sheet of paper, and the patient is
centered on the line:

a. supine and with spine aligned in a
straight manner

b. sound limb parallel with mid-
sagittal line

c. affected limb—30 degrees hip ab-
duction, neutral rotation, knee
extended, ankle neutral.

2. Trace the affected limb from peri-
neum medially to above the iliac crest
laterally.

3. Indicate on tracing:

plantar surface of the foot

knee joint center

perineum

. proximal edge of greater trochan-
ter of affected limb (in 30 degrees
of abduction).

ano

4. Measure and record on measurement

sheet:

a. length from plantar surface of the
affected foot to the perineum

b. length from plantar surface to
center of knee

c. circumference at perineum

d. circumference 4" (10.2cm) distal of
the perineum

e. anatomical anterior-posterior di-
ameter from the ischial tuberosity
to the adductor longus tendon

f. medial-lateral diameter at the
perineum and perpendicular to
the long axis of the leg.

CASTING

1. Drape patient with appropriate sized

cotton stockinette from the waist to
the distal thigh on the affected side.
Stockinette should be slit medially to
fit about perineum and secured with
an elastic strap and clamps. If the cast
is not extended beyond mid-thigh, it
can always be removed without cut-
ting.

. Position patient standing on the

sound leg with pelvis level. The hand
on the sound side is used to hold on to
a table edge, chair back or some simi-
lar object for balance. A box of an ap-
propriate size should be used to rest
the foot, and hold the leg in proper
position.

. Use an indelible pencil to mark on the

stockinette the following landmarks:
ischial tuberosity

. adducter longus tendon

greater trochanter

superior edge of the iliac crest
perineum

mid-thigh

using points a, b, d, and e as a
guide, draw a smooth flowing line
to indicate proximal trim line of
socket. Include the gluteus maxi-
mus posteriorly inside the trim
line (Figure 7).

@meonge

. Wrap the leg from above the proximal

trim line to the mid-thigh with the
plaster of paris bandage. Before the
bandage sets, use the hands to indent
it and form the medial brim, Scarpa’s
triangle, and posterior seat. The is-
chial seat should be perpendicular to
the floor and the medial brim should
be parallel with the line of progres-
sion.




Figure 6: Assembled orthosis showing relationship to
patient’s leg and vertical and horizontal reference
lines.

cast is sealed shut distally, the brims
are extended proximally to the height
of the lateral edge, and the negative

|

|

|

‘ 5. Remove the cast when it has set. The
|

i model is poured with plaster of paris.
|

MODIFICATION OF THE
POSITIVE MODEL

The positive model is modified in a
fashion similar to a quadrilateral socket:

1. The A-P diameter of the brim me-
dially is %" (7mm)-2" (13mm) less
than the recorded anatomical diam-
eter depending on size of the patient
and musculature.

gs .
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. The ischial shelf is horizontal with the

model in the desired position of 30
degrees abduction.

. The M-L diameter of the socket is the

same as the recorded anatomical di-
ameter, or no greater than the proxi-
mal circumference divided by three.

. The medial brim is parallel to the line

of progression and flared. It should be
high enough to impinge upon the
pubic ramus in less than 20°-25° of
hip abduction and %" (13mm)-2"
(20mm) wide.

. The proximal circumference is re-

duced 2" (13mm)-1" (25mm) less
than the recorded circumference, de-
pending on patient size and tissue
firmness.

. The distal circumference is reduced to

anatomical measurement.

. The posterior brim is 3" (20mm)

wide at the ischial tuberosity and ta-
pers to nothing laterally.

. Laterally the height of the brim is at

the iliac crest and posteriorly it curves
in a smooth flowing line to enclose the
inferior portion of the gluteus maxi-
mus. Anteriorly over the Scarpas’ tri-
angle and laterally of it, the brim
flares outward for comfort and is
trimmed low enough to prevent im-
pingement of the ASIS. Lateral of this
point it rapidly turns proximal to a
point on the lateral side just inferior of
the iliac crest. The brim in this region
exhibits an outwardly radiused edge
to prevent pressure from a sharp edge
when the leg is abducted.

LAMINATION

1. The appropriate sized trilateral kit is

selected from among those available
(see Table 1).

2. The modified positive model is pre-

pared for vacuum laminating in the
usual fashion,
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felt is applied to the model with ad-
ditional strips about the brim. Two
layers of nylon stockinette are ap-
plied (three for large sizes).

. The insert furnished with the trilat-
eral kit (either #3137 or #3138 de-
pending on size) is contoured to fit
about the model so that the longitu-
dinal portion of the insert lies along
the mid-line of the medial wall of the
model and parallel to the long axis. A
piece of scrap stainless steel appro-
priately sized (as long as the insert
and the same size as the knee joint
upright) is selected, secured in place
to the insert with a cap head screw
proximally, and the adjustment clips
of the insert are formed around it
distally. This piece of stainless steel is
a laminating dummy and will form a
recessed channel in the lamination
for the proximal upright.

. The screw holes of the insert are
greased with vaseline and it is
wrapped in fiberglass. It is sand-
wiched between four layers of fiber-
glass, and gauze is used to securely
wrap it in place on the model. The
fiberglass should extend just short of
the trimlines.

7

9.

Catalog Knee Joint
Number Description Bar Size Guidelines
3176-XLK-LR X-LARGE, LONG, Right 6" % Yo" Perineum to floor
3176-XLK-LL X-LARGE, LONG, LEFT greater than 30 inches
3174-XLK-SR X-LARGE, SHORT Perineum to floor
3174-XLK-5L X-LARGE, SHORT 26"-30", Obese
3175-LK-LR LARGE, LONG, Right 32" x " Perineum to floor
3175-LK-LL LARGE, LONG, Left 26"-30", Normal size
3173-LK-5R LARGE, SHORT, Right Perineum to floor
3173-LK-SL LARGE, SHORT, Left 24"-26", Obese
3172-MK-R MEDIUM, Right 52" X Sfg” Perineum to floor
3172-MK-L MEDIUM, Left 20"-24", Normal
3171-SK-R SMALL, Right Yg" X Slg" Perineum to floor
3171-SK-L SMALL, Left less than 20 inches
Table 1.

3. One layer of one-half ounce dacron 6. An additional two layers of nylon

stockinette are applied (three for
large sizes).

The model is laminated with an 80/20
mix of rigid and flexible polyester
resin.

. Once the lamination has reached its

peak exotherm and while it is still
pliable, a knife is used to trim the
proximal and distal trim lines ex-
posing the distal end of the insert and
the laminating dummy. The knife is
used to remove the lamination from
over the laminating dummy while
leaving the adjustment clips of the
insert enclosed in plastic. The cap
head screw is removed and the
laminating dummy is driven out
distally using a hammer and pin
punch. The socket is removed from
the model while still warm.

The socket is trimmed as follows:

a. proximal—described under Mod-
ification of Positive Model.

b. distal—perpendicular to long axis
and at level of distal end of insert.

c. lateral keyhole—proximally, the
cutout is as high as the proximal
edge of the greater trochanter and
as wide in the anterior and post-
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erior dimension, distally the cut-
out meets the distal edge in
smooth flowing curves.

. The screw holes (8-32 for small
3138, or 10-32 for large 3137) are
drilled clear and retapped.

e. All edges are finished and buffed.

LAYOUT
(Figure 6)

1. Draw a line parallel with the lon-
gitudinal (parasagittal) axis of the leg
and %4" (7mm) medial of the medial
condyle of the knee from the peri-
neum to a point well distal of the foot.
This becomes the medial longitudi-
nal reference line and the orthosis
will be laid out along it.

. Transfer the heights of the knee joint
center and of the perineum to the
drawing measuring proximal from
the sole of the foot.

. Draw a line parallel and 3" (20mm)
distal of the anatomical knee joint

PERINEUM-

MIDSAGITTAL L INE —

AL
E

FLOOR LINE

MED
REFERENCE
LIN
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center. This will be the orthotic knee
joint center. The orthotic knee joint is
fit distal to the anatomical so that
when the patient kneels, weight will
be transferred through the orthosis
and not through the leg.

. Draw a line parallel and 1%" (45mm)
distal of the sole of the foot. This is
clearance for the patten bottom.

. Draw a line perpendicular with the
midsagittal line such that it intersects
the point defined by the patten bot-
tom line (step 4 above) and the medial
longitudinal reference line (step 1).
This is the floor line and it, in con-
junction with the two lines men-
tioned in steps 4 and 5, defines the
position of the patten bottom.

ASSEMBLY OF THE
ORTHOSIS
(Figures 4, 7)

1. The knee joint assembly is laid out
along the medial reference line and

ANATOMIC C K J
ORTHOTIC CKJ

—

",~CLEARANCE FOR
PATTEN BOTTOM

Figure 7: Layout of reference lines on the tracing for construction of the orthosis.
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the knee support bar (#3111 or
#3112) is contoured proximally so
that the distal surface of the rubber
bottom (#3118) of the patten bottom
(#3114, #3115, #94 3116} lies paral-
lel to, and on, the floor line.

. Contour the adjustment clip of the

patten bottom upright about the
support bar and adjust the upright
and support bar to the proper
length.

. To remove excess material from the

support bar, cut it off ¥2" (13mm)
distal to the distal screw hole of the
patten bottom plate upright.

. Drill and countersink a hole (8-32

body drill) for the attachment screw
at the distal screw hole of the patten
bottom plate.

. Assemble the upright guide bar

(#3121, #3123, #3125, #3126,
#3127, #3129, or #3131) and the
patten bottom plate. In a fashion
identical to steps 2, 3, & 4 above,
the distal upright of the knee joint
(#365, #366, #361, #362, #371,
#372, #375, or #376) is cut to length
and it and the upright guide bar are
assembled together.

. Excess material is removed from the

proximal knee joint upright (#400,
#402, #403, or #404) so that the me-
dial brim coincides with the peri-
neum. A screw hole (8-32 body drill
#19) is drilled and countersunk in
the upright for attachment to the
proximal hole of the insert in the
trilateral socket.

. The orthosis is disassembled and all

cut edges are smoothed and rounded
and it is finished in the usual fash-
ion.

. The heel of the shoe is removed and

a ‘D" ring on aleather chafe is sewn
between the welt and the sole in the
vicinity of the first metatarsal head.

. The stirrup (#2001, #2002, or

#20040) is riveted to the shoe in the
usual fashion. If desired, a layer of

10.

11.

12,

13.

14.

leather can be used to cover the area
of the stirrup.

The lock collar (#3105LG or
#31055M}, compression spring
(#3107 or #3109), sliding collar
(#3108 or #3106) with broad head
down and stirrup are assembled on
the upright guide bar in that order.

The guide bar is assembled on the
patten bottom. The hex nut
(#885145 or #885160) is tightened to
lock the two together so as to pre-
vent motion and wear.

The distal knee joint upright, sup-
port bar, guide bar, and upright of
the patten bottom are assembled
with the appropriate screws, lock-
washers, and backing nuts.

The drop lock is put in place and the
trilateral socket is assembled on the
proximal upright with the appropri-
ate screw.

A leather strap with the buckle on
one end is passed through the “D”
ring on the shoe, about the patten
bottom upright, and is fastened to
itself. This strap will internally ro-
tate the leg while the pressure of the
socket against the gluteus medius
will prevent external rotation of the
orthosis.

FITTING

1. The orthosis is donned with a layer

of stockinette on the thigh.

2. The patient is checked standing, in

30°-40° of abduction, for a level pel-
vis and proper ischial weight-bear-
ing. If the patient complains of dis-
comfort in the region of the pubic
ramus, and if he is standing in ab-
duction, check to be sure that the
ischial tuberosity is on the ischial
seat. If the ischial tuberosity is slip-
ping into the socket a loose fit
should be suspected and additional
socks added. Only as a last resort
should the medial brim be modi-
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fied—and only then minimally—bear-
ing in mind that the orthosis is intended
to be uncomfortable in a position of
adduction. The stirrup should be in
about the middle portion of the upright
guide bar. The toe strap should be
adjusted to maintain the leg in internal
rotation.

3. With the patient kneeling, check to
be sure that weight is borne through
the orthosis and not through the
leg. If necessary, adjust the up-
right above and below the knee to
provide kneeling weight-bearing
through the orthosis and yet main-
tain the proper overall height.

4. With the patient walking, check for
abduction and internal rotation. The
stirrup should be checked to make
sure it does not ““bottom out” {con-
tact the metal at the ends of the
guide bar} proximally or distally.
The lock collar should be adjusted so
that compression of the spring pro-
vides suspension of the orthosis
without undue pressure in the peri-
neum which will cause discomfort.
If necessary, the spring and/or the
slide collar may be cut to reduce the
pressure.

5. Recheck and tighten all screws.
Locktite® may be used on the knee
joint screw.

The patient and parents should be in-
structed in the principles of the orthosis
and to expect discomfort—medially, if the

orthosis is adducted, and over the ischial
tuberosity for the first few days. The pa-
tients should be encouraged to attempt
internal rotation and abduction during
ambulation. They should be instructed in
care of the orthosis. The parents should be
advised to supervise the patient’s walking
initially and to prevent such gait devia-
tions as hopping or vaulting from becom-
ing habits that cannot be undone.

Initial shrinkage may be expected during
the first few weeks and may well necessi-
tate additional socks to maintain proper fit.
Eventually growth and. increase in the pa-
tient’s size should offset this decrease in
circumference.

NOTES

'Tachdjian, M. A. and Jouett, L.DD., ““Trilateral Socket Hip Abduction
Orthosis For the Treatment of ‘Legg-Terthes’ Disease,”” Orthotics and
Prosthetics, Vol. 22, No. 2, June, 1968, pp. 49-62

*Bobechko, W.P,, McLaunn, C.A,, Matloch, W.M., “Toronto Orthosis
For ‘Legg-Perthes” Disease,”” Artificial Limbs, Vol. 12, No. 2, Autumn,
1968, pp. 34-41

*Lovell, WW., Hooper, W.C., and Purvis, ] M., *The Scottish Rite
Hospital Orthosis for 'Legg-Perthes’ Disease,”” Presented as a scientific
exhibit at the Annual Meeting of the American Academy of Orthopaedic
Surgeons in Dallas, Texas, February 23-28, 1978

*Glimcher, M |, Radin E.L, and Amrich, M.M., “The Design of a
New Style Ischial Weight-Bearing Brace for Use in the Treatment of
‘Legg-Perthes’ Disease,” Orthotics and Prosthetics, Vol. 24, No. 3, pp
1120, Sept., 1970

*Birkeland, LW, Zettl, ] H, “A Hip Abduction Orthosis for 'Legg-
Perthes’ Disease,” Orthotics and Prosthetics, Vol. 28, No. 3, pp. 49-55,
Sept., 1974

AUTHORS

Mr, Fillauer is Vice President, Durr-Fillauer Medical, Inc., Orthope-
dic Division, 2710 Amnicela Highway, Chattanooga, Tennessee 37406
Mr. Pritham is Technical Coordinator, Durr-Fillauer Medical, Inc




Use of the Anterior Floor Reaction
Orthosis in Patients with

Cerebral Palsy

Edwin D. Harrington, M.D.
Robert S. Lin, C.O.
James R. Gage, M.D.

INTRODUCTION

The knee joint that is unstable in the
sagittal plane can be controlled by using
one of three types of orthoses: knee, knee-
ankle-foot, or anterior floor reaction ortho-
sis. If the ankle mortise is unaffected, a
knee orthosis alone, with a mechanical
locking mechanism, can effectively guard
against inadvertent knee flexion. There are
many designs of knee orthoses that will
accomplish this as long as suspension can
be achieved and tolerated. This form of
ambulation with locked knees lends for a
rigid, energy-inefficient gait pattern.

This same gait pattern is demonstrated
when the patient with an unstable extrem-
ity uses the knee-ankle-foot orthosis and
drop lock mechanism. Although the KAFO
solves the suspension problem and con-
trols an unstable ankle mortise, it still of-
fers an energy-inefficient gait pattern, in-
terferes with balance mechanisms, and is
heavier than the knee orthosis.

In patients with cerebral palsy, labored
gait associated with excessive knee flexion
in stance phase has presented the ortho-
paedist and orthotist with significant dif-
ficulties in treatment. Crouch gait com-
mences with overactivity of the ham-
strings, which increases knee flexion, and
thus requires large increases in quadriceps
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force to stabilize the knee? (Figure 1). Cal-
caneus deformity, a known complication of
overlengthened heelcords following ten-
do-Achilles lengthenings, also signifi-
cantly adds to further progression of
crouch gait. Reasons cited for this compli-
cation include overcorrection, failure to
protect the heelcords postoperatively, and
lengthening of the tendo-Achilles when
significant hip and knee-flexion deformi-
ties remain uncorrected (Figure 2).

THE SALTIEL ANKLE-FOOT
ORTHOSIS

In June 1969, Jimmy Saltiel described an
ankle foot orthosis which was designed to
stabilize the paralyzed limb without lim-
iting knee movement. The brace extended
only as high as the knee joint and was con-
structed from a reinforced laminate poly-
ester plastic. He stated, “Even a totally
paralyzed knee is usually stable in the AP
or sagittal direction when in full exten-
sion.”! This principle involves harnessing
the floor reaction and directing it to the
anterior aspect of the distal shank, thus
stabilizing the joint in extension. The brace
acts as a first-class lever and the plantar-
flexed attitude at the ankle utilizes the ful-
crum established by the distal trimline of
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T YEAR OLD
NORMAL

TRACINGS TAKEN AT EQUIVALENT TIMES OF SINGLE STANCE PHASE
DASHED LINE IS RESULTANT OF VERTICAL FORCE AND FORE-AFT SHEAR VECTORS

12 YEAR OLD
SPASTIC
DIPLEGIC

JOINT TORQUE DETERMINATION

Figure 1: Line of application of floor reaction force. Contrast the line of application of the floor reaction force in the
two children. Excessive arm swing and trunk movements of the patient with spastic diplegia cause early aft shear
and anterior alignment of the line of application of floor reaction force. Flexion torque of the hip is excessively
high in early stance, necessitating straining action of the gluteus maximus. Knee flexion torque is normal initially
but progresses to pathologically high levels in late stance, necessitating straining action of the quadriceps femoris.
(From Sutherland, D.H. and Cooper L., ‘“The Pathomechanics of Progressive Crouch Gait in Spastic Diplegia,”
Orthop Clin. N. Am., 9(1):150, 1978. Reproduced with permission.)

the footplate at the metatarsal heads (Fig-
ure 3).

The Saltiel ankle foot orthosis employs
the plantarflexion-knee extension couple
seen in normal gait. At heel strike in the
gait cycle, the quadriceps is eccentrically
contracting to control knee flexion, thereby
allowing for smooth deceleration. This
continues until the center of mass passes in
front of the knee, at which time there is
cessation of firing of the quadriceps. From
that point on in the gait cycle, knee exten-
sion is caused by the plantarflexion-knee
extension couple under the control of the
eccentrically contracting triceps surae.

This, in addition to the rigid immobiliza-
tion of the ankle mortise, enables the
transference of the floor reaction to the
front of the knee resulting in a biomechanic
assistance of knee extension.

With increased plantarflexion at the
ankle, the moment is increased (Figure 4).
With residual knee flexion contractures of
ten degrees or more, the floor reaction
passes at or behind the knee, thus greatly
reducing the knee extension moment to a
point where an actual flexion moment is
generated once hamstring contractures ex-
ceed about fifteen degrees.
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Figure 2: A typical crouch gait pattern in cerebral
palsy. Note the effect of the overlengthened heel cord
resulting in the calcaneous deformity.
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A FULCRUM OF LEVERAGE

Figure 3: The Saltiel ankle foot orthosis. (From, Sal-
tiel, J., “A one-piece laminated knee locking short leg
brace,” Orthot. Pros., 23:7, June 1969.)
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Figure 4: Biomechanics of the anterior floor reaction
orthosis.

A. Shows ten degrees of plantarflexion. The more
plantarflexion the ankle is set in, the greater the knee
extension moment.

B. In neutral position note the reduction of D! re-
sulting in the reduction of the extension moment.
C. Shows 15 degrees of dorsiflexion. At15 degrees of
dorsiflexion or greater, the ground reaction force
passes behind the knee resulting in the generation of
a flexion moment.

The Saltiel type ankle foot orthosis is
very effective with the unilaterally in-
volved paralytic limb that readily achieves
full knee extension and is stable mediolat-
erally. This orthosis was originally de-
veloped for use with the post-polio lower
limb and did, in many cases, preclude the
need for a knee ankle foot orthosis. It
should be noted, however, that this par-
ticular design cannot be applied bilaterally
without significant dependence on auxil-
iary walking aids to improve balance. This
is because with bilateral fixed equinus of
the orthoses, the center of gravity is forced
behind the base of support with resultant
loss of balance.3

Because of these limitations and because
many cerebral palsy patients require bilat-
eral application, we modified the Saltiel
design to use with these children. The
principal differences in design include a
shorter proximal trimline and an angula-
tion at the ankle which we determine for
each patient.
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The purpose of this paperis to review the
use of the anterior floor reaction orthosis in
patients with cerebral palsy and, by doing
so, to outline the prerequisites and specifi-
cations for prescription,

CLINICAL APPLICATION

The charts of 11 patients were reviewed.
Eight patients had had clinical examina-
tions only, and three had also been eval-
uated by computerized gait analysis in the
Gait Analysis Laboratory at Newington
Children’s Hospital. Nine patients had bi-
lateral anterior floor reaction orthoses and
two used the orthosis unilaterally. The
average age at delivery of the orthosis was
10.5 years (range 3.9 years to 16.2 years).
Prior to using the anterior floor reaction
orthosis, five of the 11 patients had used
bilateral polypropylene knee-ankle-foot
orthoses with drop lock knee mechanisms;
one had used a double upright conven-
tional KAFO; two had used standard poly-
propylene solid-ankle AFOs; and one pa-
tient had used a standard double-upright
conventional AFO. In two patients who
had not used orthoses preoperatively, floor
reaction orthoses were prescribed imme-
diately following bilateral release of flexion
contractures at the hips, knees, and ankles.

Length of use of the anterior floor reac-
tion orthoses ranged from five to 52 months
(mean: 17 months). In patients in which
the orthoses were discontinued, the main
reasons were: outgrowing the orthosis,
improved function, and additional surgical
procedures.

The degree at which the ankle was set
varied. Fourteen of the orthoses were set at
five degrees dorsiflexion, five orthoses to
five degrees plantarflexion, and one to ten
degrees plantarflexion.

Eight of the 11 patients required ham-
string releases at or before the start of
treatment with the anterior floor reaction
orthosis (two of these releases were repeat
procedures). The other three patients were
cast for knee flexion contractures before
they used the orthosis, one of whom re-
quired surgery after the serial casting. It
should be noted that before any of these 11

cerebral palsy patients could use the ortho-
sis, they required elongation of hamstrings
either by surgical release or by serial
casting.

Ambulation Status with
the Orthosis

Eight of the 11 patients are still using the
orthosis effectively and three no longer
need orthotic management. Eight patients
are community ambulators and three are
household ambulators. Four of the com-
munity ambulators use Lofstrand crutches;
one, a quad-cane; one, Bobath poles; and
one requires no walking aids. The commu-
nity ambulators use the auxiliary walking
aids mainly for balance, whereas the
household ambulators use the aids to assist
with gait progression.

Selection of Foot-Shank Angle

The degree of dorsiflexion or plantar-
flexion at the ankle of the orthosis is a com-
promise between the size of the extension
moment generated at the knee and the
smoothness of forward progression.
Theoretically, when the orthosis is set in
plantarflexion, the extension moment is
maximal but the forward progression is at
least partially blocked. If the knee exten-
sion moment is too great before the center
of mass passes in front of the knee axis,
overall forward progression halts. When
the orthosis is set in slight dorsiflexion,
more time is allowed for the center of mass
to proceed in front of the knee axis before
the maximal knee-extension moment is
exerted by the floor reaction orthosis.
While this is desirable, there is a reduction
of the extension force generated as well as a
delay in the harnessing of the floor reaction
during the course of the gait cycle and,
hence, more quadriceps strength is re-
quired. Because of these factors, it is im-
perative to set the ankle mortise at the most
appropriate angle within the orthosis in
order to achieve optimum function. This
must be individualized from patient to pa-
tient since it depends on a number of fac-
tors such as whether the orthosis is bilat-
eral, the quadriceps strength, and the
maximum knee extension possible.
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Figure 5: M.C., six weeks postoperatively. Note the
dependence on forearm crutches.

Case Report

The effects of the orthosis on gait pa-
rameters can best be demonstrated by
showing the results of computerized gait
analysis in the following patient.

M.C., an 11 year-old male with spastic
diplegia, was presented with hip flexion
contractures, bilateral knee flexion con-
tractures, and equinus deformities of both
feet. At stance he demonstrated severe
contractures of hip flexors, hamstrings,
and triceps surae. He underwent bilateral
psoas and adductor releases, bilateral
varus derotation osteotomies, bilateral ham-
string lengthenings, and bilateral Baker
tendo-Achilles lengthenings.

Six weeks postoperatively, after casting
and physical therapy, his gait revealed
weakened quadriceps and beginning
crouch gait (Figure 5). He was fitted with
bilateral floor reaction orthoses which im-
mediately improved his gait.

Computerized gait analysis was per-
formed preoperatively and ten weeks post-
operatively with and without the orthoses.
Postoperatively, the lateral stick figures

a3
Lug
6B

Figure 6: Stick figures of M.C., ten weeks postoperatively.

A. Lateral stick figures from a gait analysis run without anterior floor reaction orthoses. Note where the floor

reaction falls respective to the knee axis.

B. Lateral stick figures from a gait analysis run with anterior floor reaction orthoses. Note the improved extension
moment generated at the knee as a result of floor reaction passing more anterior to the anatomical knee.
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Linear Measurements

Right Side Left Side
11/11/82 11/11/82
Postop.  Postop. Postop. Postop.
Preop. Braces No Braces Preop. Braces No Braces
Single Stance (%) 34.48  31.25 23.08 34.48  34.47 26.83
Step Length (cm) 37.30 39.70 37.80 44.60  48.40 41.20
Walking Velocity 83.55 7841 53.89 83.55  78.41 53.89

(cms/sec)

Estimated External Work of Walking
(joules/kg/meter)

11/11/82

Postop. Postop.
Preop. Braces No Braces

1.118 0.485 0.479

Table 1. Comparison of data from gait analyses of M.C.

demonstrated that the floor reaction force
remained anterior to the orthosis and the
knee joint axis throughout stance (Figures
6A and 6B).

As shown in Table 1, his linear mea-
surements improved significantly when he
used the anterior floor reaction orthoses.
Since the single stance time increased
when he used the orthoses, he had more
limb support and stability (Figure 7). Step
lengths also increased significantly with
the orthoses, as did his walking velocity.
The estimated external work of walking
remained approximately the same with
and without the orthoses but because of
the increased walking velocity when the
braces were worn, his gait appeared to be
more efficient (Table 1).

In summary, for this patient:

1. Single support time improved with

the orthoses.

2, Stride length and walking velocity

improved.

3. Energy consumption remained un- o £ — 2

changed. . . n Figure 7: M.C., ten weeks postoperatively, exhibits

4. Knee flexion was still slightly more much less dependence on forearm crutches. With the

than desired and it was postulated at orthoses, crutches are used only to assist in balance.
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this point that this patient might
perform better if the orthoses were set
in slightly more plantarflexion.

TECHNICAL
CONSIDERATIONS

While it is virtually impossible to elimi-
nate the elastic component of the standard
orthotic materials, it should be noted that
this elasticity must be reduced to a mini-
mum. In order to harness the floor reaction
and transfer it to the anterior aspect of the
distal shank, a very rigid ankle is impera-
tive. The reinforced lamination of the Sal-
tie]l orthosis can be adequately duplicated
with the use of %e-inch polypropylene,
carbon composite reinforcements, and cor-
rugations strategically placed. These mate-
rials offer a less time consuming fabrica-
tion procedure without compromising
structural integrity or function (Figure
8A-8C).

In pediatric application, special consid-
eration must be given to patellar derange-

-
-
T
=
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A. Anterior view.

Figure 8: Finished orthosis.

B. Lateral view,

ment as a result of absorbing the floor reac-
tion directly on the patella. Because of this,
at Newington Children’s Hospital we have
modified the anterior proximal trimline to
end at the distal tubercle, thus not travers-
ing the anatomical knee joint or encompas-
sing the patella. While this trimline does
reduce the effective length of the lever arm
in the application of the posteriorly di-
rected forces, this compromise is quite ac-
ceptable as there is sufficient transference
of the floor reaction to achieve knee ex-
tension.

Fabrication

Cast modification of the positive mold
follows standard procedures with buildups
on all boney prominences, including the
crest of the tibia and the tibial tubercle. In
addition, the periphery of the trimlines is
built up following the line of progression
(Figures 9A & 9B).

Once plasterwork is completed, the
positive mold is prepared for vacuum

C. Posterior view,
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9A.

Figure 9: A modified positive model of an anterior
floor reaction orthosis.

A. Model is ready for lay-up of carbon composite
reinforcements and rope for corrugation.

Figure 10: The orthosis molded with the seam kept as
straight as possible anteriorly.

9B.

B. The horizontal line with the diagonal lines im-
mediately above denotes the distal border of the
plastazote padding.

molding of polypropylene by securing the
carbon composite reinforcements, rope,
and Plastazote®™ on the cast. Vacuum
molding of the polypropylene is done with
the heel of the cast facing up, with careful
consideration given to obtaining a straight
seam anteriorly (Figure 10). This seam en-
ables removal of the orthosis from the cast
and must be reinforced afterwards by
welding polypropylene rods to the anterior
aspect of the orthosis, covering the seam
and extending peripherally.

Distal trimline of the footplate extends to
the end of the toes. This increases the floor
lever arm and enables maintenance of fit
for a longer period of time. This modified
design has enabled us to achieve optimum
clinical results while still taking into ac-
count those factors that are unique to
treating children.
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SUMMARY

It was observed that by using anterior
floor reaction orthoses in patients with
cerebral palsy, crouch gait was greatly re-
duced or eliminated. Computerized gait
analyses revealed improvement in endur-
ance, ease of ambulation, and increased
linear measurements in the three patients
who had pre- and postoperative gait anal-
yses. Since the start of treatment with this
orthosis, the number of patients with cere-
bral palsy using the orthosis has increased
and results have been similar to those de-
scribed in the case report. This success is
contingent on the prerequisites that need
to be met when considering an individual
for brace treatment. These prerequisites
include:

1. Absence of knee or hip flexion con-

tractures exceeding ten degrees.

2. Careful determination of the angle to
which the ankle mortise is set within
the orthosis in order to optimize for-
ward progression of the weight line at
mid-stance while still maintaining an
adequate knee extension moment.

3. Presence of some trunk balance
and/or the ability to use auxiliary
walking aids in the event of di-
minished trunk balance.

4. Presence of a minimum of Grade
three quadriceps strength.

5. Whether or not the orthosis is unilat-
eral or bilateral. If the weight line is
placed behind the base of support,
bilateral application makes balance
virtually impossible. However, the

same posterior placement of the
weight line is tolerated if only one
extremity is involved.

When these prerequisites and specifica-
tions were met, the anterior floor reaction
orthosis proved to be more successful than
its predecessor, the KAFO, in the treat-
ment of unstable lower extremities in pa-
tients with cerebral palsy. The anterior
floor reaction orthosis has also been used
successfully in patients with other diag-
noses such as myelomeningocele, muscle
disease, and poliomyelitis. Thus, the pa-
tient’s clinical picture is more important
than the actual diagnosis in determining
whether or not to prescribe this particular
orthotic design. Following the careful de-
termination of candidacy in the patient
with crouch gait, the anterior floor reaction
orthosis can provide improved stability
and minimize componentry, weight, and
bulk.

NOTES
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sive Crouch Gait 1n Spastic Diplegia,” Orthop. Clin. N. Am., 9(1):143-
154, 1978

Perry, Jacquelin, “Kinesiology of Lower Extremity Bracing,” Clin
Orthop., 102:18-31, July-Aug., 1974

AUTHORS

The authors are affiliated with the Departments of Orthopaedic Sur-
gery and Orthotics and Prosthetics at the Newington Children’s Hospi-
tal, in Newington, Connecticut. Send reprint requests to: R.S. Lin,
C.0., Department of Orthotics and Prosthetics, Newington Children’s
Hospital, Newington, CT 06111




A Medical-Social Study of Upper
Limb Amputees in Hong Kong—
A Preliminary Report

K.M. Chan, M.B., B.S., F.R.C.S. (E), E.R.C.S. (G),
M.Ch. (Orth.), F.R.C.S.Ed. (Orth.)
S.Y. Lee, M.B., B.S. (Rangoon)

K.K. Leung, L.B.I.S.T.

P.C. Leung, M.B., B.S., M.S., F.R.A.C.S., F.R.C.S. (E)

INTRODUCTION

Occupational hand injuries are the most
common occupational injuries in Hong
Kong.3? Some of the severe injuries will lead
to loss of the hand, frequently the domi-
nant one. The orthopaedic care of a patient
with an amputated upper limb does not
stop after surgery. The essence of rehabili-
tation is prevention and integration. The
importance of preventive measures in oc-
cupational hand injuries has been high-
lighted in a previous study.? The aim of
this study was to assess the medical, social
and psychological impact on patients with
an amputated upper limb. The data col-
lected will hopefully provide useful guide-
lines on the planning and development of
services in the rehabilitation of upper limb
amputees and on future research in upper
limb prostheses.

MATERIALS AND
METHODS

One hundred patients were referred to
the South Kwai Chung Prosthetic Clinic for
assessment and fitting of prostheses from
1977 to 1982. Twenty of them were selected
at random for this pilot study. There were
18 males and two females. The ages varied
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from 15 to 57, and the marital status in-
cluded seven singles, eleven married, and
two widowed. The educational levels were
below primary in eight, primary in ten,
and secondary in two.

Eighty-five percent of the injuries were
occupational. All of the victims were
right-handed and 70 percent of the injuries
involved the dominant hand. The levels of
amputation were broken down into 75 per-
cent below-elbow, 15 percent wrist disar-
ticulation, and ten percent above-elbow.
The ages for the first prosthetic fitting
ranged from 3% to 11 years. Clinical and
social assessments were made at a joint
interview by a surgeon and a prosthetist.
The following information was obtained:

® The type of prosthesis with respect to
its fitting, cost, training, condition
under use, and maintenance

® Function of the prosthesis

® Cosmesis of the prosthesis

® The amputee’s Activities of Daily
Living (A.D.L.) and employment

® Changes in their family conditions

® Social welfare assistance given to the
amputees

® Psychological assessment of the am-
putees

® Special comments from those inter-
viewed on the different members of
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the rehabilitation team, i.e., the sur-
geon, therapists, prosthetists, and
medical social workers.

RESULTS

The Prosthesis

All patients were fitted wth the body-
powered prosthesis, voluntary opening
hook, and an optional cosmetic hand with
a built-in prehensile grip mechanism (Fig-
ure 1).

More than 90 percent of the fittings were
done within three months of the amputa-
tion and the patients usually received a two
to three month period of training super-
vised by the prosthetists. The follow-up
had been generally regular in the first two
years. After that, patients only had ap-
pointments for repairs or other specific
problems.

the prostheses and handled minor repairs
by themselves.

The cost of the prostheses varied from
HK$1,000 to HK$2,000. The patient usually
paid the fee out of the lump sum of work-
man’s compensation granted, but 20 per-
cent of them received financial assistance
from the Social Welfare Department.

Function of the Prosthesis

Sixty percent of the patients used the
prosthesis for over ten hours a day, and the
majority of them (80 percent) used it at
home (Figure 2). Only 60 percent of them
regularly used the prosthesis at work, and
these amputees were primarily heavy
metal workers who utilized the hook in
pinning down an object. Nearly all patients
used the cosmetic hand on social occa-
sions. Relatively few (15 percent) regularly

Figure 1: All upper limb amputees were fitted with a body powered prosthesis with a hook terminal device and
functional cosmetic hand.

The frequencies of breakdowns were re-
lated to the duration of usage. The frequent
users had an average of two to three minor
repairs a year. Usually the repair work
could be accomplished within one week.
Some of the more innovative patients in-
vented their own minor modifications on

engaged their prostheses in sports or rec-
reational activities.

The overall comment given by the am-
putees on the functional achievement of
the prosthesis was good in 70 percent, fair
in 20 percent, and poor in ten percent.
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Figure 2: Functional achievement

A 45 year old seamstress had a below-elbow amputa-
tion of her dominant righthand. She was fitted with a
prosthesis two months later. She demonstrated a high
degree of dexterity and skill in the use of the hook
terminal device (A), (B), {(C). She continued in her
gainful employment, and managed most of the
housework.

A.D.L. and Employment

Table 1 illustrates the pattern of A.D.L.
shared by amputees while using the pros-
thesis. Sixty to 70 percent of them were
satisfied with the different modalities of
activities, while the unsatisfactory group
included the non-users and infrequent
users.

It was interesting to note that the two
non-users were both right hand dominants
and their left hands had been amputated.
They seemed to have developed a single-
handed pattern of activities and rejected
the alternative of using the prosthesis.

The majority of the right hand domi-
nants with right hand amputations suc-
cessfully shifted the dominance to the
normal left hand and used the prosthesis
on the right hand as an assistive device.

Only 15 percent of the patients retained
their previous job after injury. Eighty per-
cent found new jobs which adapted much
better to the capability of their now much
impaired upper limb function. Five per-
cent remained unemployed.

As aresult of the injuries, all the patients
suffered a significant financial loss. The
amount granted from the Workman's
Compensation Board was usually just ade-
quate for subsistence during the period in
the hospital and during rehabilitation. The
personal income per month dropped by 25
percent.

Responses Regarding Use of the Prosthesis
During Activities of Daily Living

Activities in Satis- Unsatis-

Daily Living factory factory
Feeding/

cooking 14/20 (70%) 6/20 (30%)
Bathing/

cleaning 15/20 (75%) 5/20 (25%)
Dressing 15/20 (75%) 5/20 (25%)
Toileting 12120 (60%) 8/20 (40%)
Table 1.

Changes in Family Conditions

Among the 20 patients, 12 were the chief
provider for the family. The injury and
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Figure 3: Activities of daily living
A 40 year old clerk had a below-elbow amputation of
his dominant right hand. He used a functional cos-

subsequent loss of previous earning
capacity led to serious financial problems
for six of them. The wives and older chil-
dren were forced to seek part-time jobs in
order to support the family. However, no
disruptions of marital ties were detected
amongst the married patients.

Social Welfare Assistance

Table 2 illustrates the varieties of social
welfare assistance available to the am-
putees.

Cosmesis of the Prosthesis

The functional cosmetic hand was gen-
erally well accepted by the patients, their
families, and friends. The hooks were re-
garded as “’strange-looking’’ by over 60
percent of the patients. All of them pre-
ferred to hide the prosthesis in their
trouser pockets.

Psychological Assessment

This was the most difficult part of the
study. Most patients were reluctant to dis-
close their genuine feelings regarding the
injury they received and the ensuing con-
sequences. The majority of them did reveal
a period of grief, frustration, and uncer-
tainty that lasted about six to 12 months
following the injury. The feeling of help-
lessness gradually left when they found

metic hand well in most of the activities of daily
living (A). He also attempts to write with the prosthe-
sis (B).

Varieties of Assistance Available
to the Subject Patients

No. of Patients

20120 (100%)
10/20 (50%)
11/20 (55%)

Counselling
Disability allowance
Public assistance

Employment 3120 (15%)
Housing accommodation 1/20  (5%)
Table 2.

that the prosthesis was actually functional
and succeeded in assisting them through
different activities. No patient received a
proper referral to see a clinical psycholo-
gist. Any encouragement and counselling
were given mainly by the surgeon, the
prosthetist, and the medical social worker.

Amputees’ Comments on the
Members of the Rehabilitation
Team

Doctors

Twenty-five percent of those inter-
viewed complained that they were not
adequately informed of the consequences
of the amputation and the prospects of
using the prosthesis. Sixty-five percent of
them suggested that they would like the
follow-up to be conducted by the doctors
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and paramedical staff together, because
some of the administrative procedures re-
quired the authorization of the medical
staff and sometimes they had problems
with the residual limb. Ten percent com-
plained that the doctors were not helpful in
the course of rehabilitation.

Prosthetists

Eighty-five percent said that the mainte-
nance service had been satisfactory.
Twenty-five percent complained that their
prosthesis took too long to be fitted (longer
than three months). But the majority of the
patients were satisfied with the technical
supervision given at the initial period of
prosthesis training.

Therapists

Only ten percent of the patients were
referred for training to occupational thera-
pists and physiotherapists. They were not
sure whether the assistance given was of
much help.

Medical Social Workers

The majority of patients relied heavily on
the assistance of the medical social work-
ers. Thirty percent of them would have
preferred more frequent counsellings, but
were aware of the limited time available for
these visits,

DISCUSSION

From this preliminary study, it can be
seen that an upper limb amputee patient is
confronted with various problems, in-
cluding medical, psychological, social, and
financial concerns. The upper limb am-
putee group is relatively neglected in the
overall consideration of rehabilitation for
amputees.! If the ultimate aim of rehabili-
tation, the true integration of the disabled
into the community, is to be realized, there
should be a well-coordinated system of re-
habilitation care. The function of the team
approach should be based on a special am-
putee clinic and registry headed by the
surgical staff. The expertise of the partici-

pating members is then called upon under
appropriate circumstances.

Of outstanding significance in this pre-
liminary report is the need all patients have
of increased financial and psychological
support in the early phases of rehabilita-
tion.

The help of the medical social worker,
and if possible, a clinical psychologist, will
be most appreciated in future rehabilita-
tion efforts. It should be emphasized that
only 15 percent of the patients retained
their old jobs, and none of them acquired a
better personal income following re-
habilitation.

The training in use of the prosthesis
should be a joint effort between the pros-
thetist, the physiotherapist, and occupa-
tional therapist. This retrospective review
does demonstrate the lack of cooperation
and coordination among the paramedical
staff concerning this area. It must be recog-
nized that if the patient fails to acquire the
habit and skill of using the prosthesis in
the first six to 12 months, the chance of a
regular usage will be very remote. The ini-
tial training period is doubtlessly the most
important phase of the entire program, and
the medical staff should supervise very
closely during this period.

Age does not seem to have a significant
influence on the usage of the upper limb
prosthesis. However, none of the patients
are over 60 years of age. The majority of the
patients are within the active income
earning years, and are eager to obtain the
maximum benefits from the prostheses.

The body powered hooks and functional
cosmetic hands are quite well accepted by
the majority of patients, although the
prostheses are mainly used as assistive
tools to the normal hand. The rehabilita-
tion of a non-dominant hand to take over
the job of its amputated counterpart is un-
derstandably faster than the training for
the utilization of a prosthesis. However,
after about one year’s training, most pa-
tients adapt comfortably to a revised two
handed pattern of activity.

The possibility of fitting a myoelectric
prosthesis had been inquired by some pa-
tients who were aware of the recent de-
velopments in prosthesis manufacturing.
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None of them however, was aware of the
cost of such prostheses, nor were they in-
formed about the complexity related to the
maintenance requirements. The body
powered prosthesis is reasonably priced,
and easily maintained at the prosthetic
workshop. It seems obvious that the ex-
pensive program of myoelectric prostheses
will take many years to come to maturity.
The optimism of some early workers in
myoelectrics* does not seem to be present
in Hong Kong.

Although the functional cosmetic hand
is far from meeting all the aesthetic re-
quirements, all patients preferred having it
fit for special social occasions. Since the
interchange of the hook terminal devices
and cosmetic hands is simple, such combi-
nation does encourage an almost continu-
ous use of the prosthesis throughout the
day.

One of the non-users in our series lost
his hand at the age of five, but the prosthe-
sis was fitted 11 years later at the age of 16.
Obviously, he totally missed the chance of

childhood rehabilitation and reeducation.
Timely fitting of prostheses for children
below the age of 12 should certainly be
considered and special prostheses should
be developed accordingly.

Having completed this preliminary
study, we are looking forward to a large
scale continuation study, which is ex-
pected to cover a target population of 400
amputees, in the near future.
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A Case Study: Use of a Terminal
Device to Augment a Paralyzed Hand

Judd A. Katz
David Perkins

ABSTRACT

A split-hook terminal device was used to
allow writing skills for a C-6 level quadri-
plegic. In this case, the subject has his right
upper limb, but could not use his natural
hand for printing. Any use of the hand,
even with the aid of a support device,
would cause spasms of the hand, which
would not allow him to write. The volun-
tary opening style hook is attached to an
arm support, parallel to the right arm, with
the hook being placed next to the palmar
side of the hand. A prehensile support for
holding is in the hook, and not in the spas-
tic hand. The orthosis is cable driven, and
utilizes all traditional hardware except for
the arm socket, which is replaced with a
pivoting arm support. The pivoting arm
support will allow the hook to turn out of
the way when the subject desires to operate
his wheelchair with his natural hand.

INTRODUCTION

The subject of this project is a 40-year old
male who is classified as a partial quadri-
plegic. In 1965, the subject suffered
through an automobile accident that
crushed the sixth cervical vertebrae and
caused his quadriplegic condition. Pres-
ently, he is an undergraduate student at
Auburn University at Montgomery, Ala-
bama, and the skill of independent writ-
ing, especially class notes and examina-
tions, would greatly facilitate learning.
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Prior to the orthosis, the subject would at-
tempt to print through the use of a pencil
support device attached to his hand, but
printing in this manner elicited spasms in
the hand. After three to five minutes of
writing, his right hand would become fa-
tigued, and begin an uncontrolled spasm
until he stopped the task. Typing would
generate a milder spasm than that elicited
when printing, but it proved to be ex-
tremely difficult to take a typewriter to
class for the purpose of notetaking.

In addition, the use of a typewriter for
Algebra, Statistics, and Physical Sciences,
courses that required mathematical and
scientific notation, could not be handled
by a standard typewriter. The problem
facing the subject’s academic advisor, Dr.
Katz, was to develop an orthosis that
would allow the subject to print alphabeti-
cal letters, as well as scientific notation at
home or in the classroom without inducing
debilitating hand spasms. The orthotic de-
vice described in this article was con-
structed and fitted by Mr. Perkins. All
materials used were readily available from
a prosthetic/orthotic facility.

DESIGN DESCRIPTION

The orthosis can be viewed as having
four main parts: 1) the hook and wrist as-
sembly; 2) the bracket and rotating rod as-
sembly; 3) the arm attachment cuff assem-
bly; and 4) the cable harness assembly
(Figure 1).
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Figure 1: Exploded isometric drawing of the orthosis emphasizing the hand, rotating rod, and arm attachment assembly.
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The Hook and Wrist Assembly

® A Hosmer Dorrance #99X hook was
used. The smaller sized appliance was
more appropriate since space was cru-
cial when the hook was folded out of the
way for propelling the chair. Three
hook-tension bands (approximately 7.5
pounds prehension) were used to hold a
pencil and comfortably open the appli-
ance via the shoulder harness.

¢ An FM 100 wrist unit attached the hook
to the rotating support. The wrist unit
was welded to an angled end tab of the
support rod (See Figure 1 for the site of
the weld).

® A one-inch rubber lock washer was in-
serted between the terminal appliance
and wrist to suppress hook rotation
while writing.

® The cable was attached to the thumb of
the hook in the traditional fashion.

The Rotating Support Rod

® A 6" x 14" stainless steel rod was used to
support the hook and give it its swivel
action. The forward two inch section of
the rod was bent back 65 degrees and
angled down from the center line of the
arm; this position aimed the tip of the
hook away from the natural hand so that
the hand would not interfere with the
activity of the hook.

® The rod was housed inside a338" x %" x
8" steel bracket and sheathed with a
312" spring.

® The distal end of the bracket terminated
in a two position gate allowing the rod to
lock in a writing position (Figures 2 and
3), or rotate and lock behind the natural
hand in a clearance position (Figure 4).

® A 3%:" spring provided pressure for
locking in both positions. The spring
was held in place by a pin and washer

Flgure 2: The subject shown using the hook in the writing position.
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Figure 3: Closeup of hook in writing position. Bracket and rotating rod assembly can be seen.

mounted at the proximal end of the rod.

® The cable guide was 1%" X 34" stainless
steel rod welded to the back of the pri-
mary support rod.

The Arm Attachment
Cuff Assembly

® An8%" x 12" x Va" bar was used as the
main frame to support the rotating rod
and bracket assembly.
® Two cuffs were riveted to the side oppo-
site the hook and bracket assembly. The
wrist cuff was 5" x 2" and the upper
forearm cuff was 612" x 2". Velcro® band
material was used to secure the cuffs to
the client’s arm. The bar and cuffs were
. TR covered with gray leather which gives
Figure 4: The hook in the clearance position, so that the prosthesis a comfortable fit and
the subject can operate his wheelchair. aesthetic appearance.




A Case Study: Use of a Terminal Device to Augment a Paralyzed Hand 53

The Cable Harness Assembly

® A humeral cuff was attached to the
upper forearm cuff by two straps. The
cable was connected at the thumb of the
hook with the cable housing run under
the arm and connected to the outer side
of the half cuff. A shoulder harness was
connected to the upper arm half cuff by
an inverted “Y"” strap. The cable was
attached to the left arm loop of the har-
ness with a hanger connector. This is the
same system used by amputees to oper-
ate the opening of a terminal device.

USING THE ORTHOSIS

With assistance from an attendant, the
orthosis can be affixed to the subject prior
to class. He has two wheelchairs—a
motorized chair with a hand-operated
four-way switch, and a standard nonmoto-
rized chair that he can propel.

By grasping the rotating knob projection
hand rims that extend from the wheels, he
can exercise his arms and move his wheel-
chair about on flat surfaces. When the hook
is not used for academic tasks, he can move
it out of the writing position and into the
clearance position by pulling forward on
the hook with his left hand, which releases
tension on the gate, and rolling the hook
over the back of his right hand and locking
it out of the way. He can propel his chair
from class to class without removing the
hook.

When class begins, he can grab the hook
with his left hand, pull forward and roll the
hook out of the clearance position and back
into the writing position. When he flexes
his back, the hook opens and he inserts a
pencil into the appliance. Relaxing his

shoulders, the hook grasps the pencil and
he is ready to print letters or mathematical
symbols. The downward angle of the hook
allows him two points of contact on his
writing board: the hook-held pencil and
his right elbow. The arm is supported in a
comfortable position which does not elicit
spasms in the arm or hand.

SUMMARY

A voluntary opening hook terminal ap-
pliance was used in a nontraditional fash-
ion to permit a partial quadriplegic patient
to print. The subject has both of his natural
arms and hands, yet has only minimal use
of his hands for prehensile tasks. Hand
spasms greatly limit the use of support de-
vices that could augment the use of his
hand. The hook was mounted on a rotating
and locking bracket so that it could be
moved out of the way without removing
the appliance when he operated his wheel-
chair. This feature allowed the device to be
placed on and off only once per day.

The subject is presently involved in
training, which is sharpening his printing
skills of both numbers and alphabet letters.
Soon, he will be able to take lecture notes in
class, write mathematical formulas, and
take multiple-choice examinations by him-
self.
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The Use of Prophylactic Knee
Orthoses at lowa State University
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INTRODUCTION

Major knee injuries are a comon concern
to all people involved with the sport of
football. At the college and interscholastic
level, minimizing the numbers of knee in-
juries would allow the game to be played at
its optimal level of skill and safety. This
would save everyone involved with the
sport much time, effort, and money. A suc-
cessful program incorporating prophylac-
tic knee orthoses could allow such injuries
to occur less frequently.

PURPOSE

During the 1982 fall football season, Iowa
State University initiated a protective knee
orthosis program. This program was in-
itiated with the cooperation of the coaches,
orthopaedic surgeons, and trainers, to-
gether with the developers of the Jowa
knee orthosis, which was previously used
for athletes with collateral ligament insta-
bility. The target population consisted of
offensive and defensive linemen, line-
backers, and tight ends, because of their
high incidence of knee injury (See Table 1).
Some of the athletes had a documented
history of knee instability. The purpose of
the program was to see what effect pro-
phylactic knee orthoses had on the pre-
vention of serious knee injuries in a major

college football program, and to evaluate
the problems associated with the imple-
mentation of such a device.

METHOD

Several commercially available knee or-
thoses had been used previously with
players suffering from knee injuries, but
none had been used in a prophylactic
sense. That is, orthoses used previously
were for athletes who already had knee in-
juries, in the hope of preventing further
injury. This evaluation was also airmed at
the normal knees which had no history of
injury.

The device chosen for evaluation was an
all plastic knee orthosis with polycentric
hinges bilaterally and proximal, and distal
cuffs made of a combination of polypropyl-
ene and polyethelene, prefabricated to
models in four sizes (See Figure 1). Spray
adhesive and tape were used to suspend
the orthosis. The advantages of this pro-
phylactic device were:

1. Bilateral support—medial and lateral

uprights;

2. Polycentric joint construction pro-

viding a changing center of rotation;

3. Maximum length for maximum sup-

port (length of lever over thigh and

leg);
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Major Knee Injuries (Grades 2 and 3)*
by Football Position

1979-1983
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Quarter- Running Offensive Defensive Defensive Line-

Tight Wide

Back Back Lineman Lineman Back Backer End Receiver Total

Spring 1 1 1 3
1979

Fall 1 3 1 1 1 5

Spring 1 1
1980

Fall 1 5 1 1 1 9

Spring 1 1 1 1 1
1981

Fall 3 4 1 2 1 2 13

Spring 3 4 1 1 9
1982

Fall 2 3 3 1 9

Spring 1 1
1983

Fall

*Grade 2: Requires splinting or other immobilization.

Grade 3: Requires surgery.
Table 1.




56 Frank Randall, AT.C., M.A.; Harold Miller, C.P.O.; Donald Shurr, L.P.T., M.A.

4. Semi-flexible (copolymer) cuffs on
thigh and calf to give snug fit and
comfort;

5. Lightweight joints (7 oz. per pair;
overall 13.1 oz.);

6. Adjustable hinges to control range of
motion (hyperextension to partial
flexion).

The original device was fabricated in a
manner consistent with that of the Iowa
knee orthosis. After pouring a positive
model, the orthosis was fabricated using
the nylon polycentric joint. The proximal
and distal cuffs were made of a fiberglass
tape wrap. The orthoses were originally
secured by using an elastic wrap around
the thigh and calf cuff with no adhesive.
Problems associated with this method and
design were:

1. Irritation of skin by fiberglass;

2. Suspension;

3. The cuffs were undersized and added
to the irritation of the skin, since the
athletes were in a leaning position
when casted, allowing musculature to
sag.

Following the evaluation of the initial
program, orthosis and materials, changes
were made in response to problems. These
changes included:

1. During casting the athlete stood up-
right with legs slightly flexed to get
true muscle conformation of the thigh
and calf;

2. All cuffs were cut to a minimum size
and the material was changed from
fiberglass wrap to copolymer;

3. Medical adhesive was utilized on the
underside of the cuff for a tacky effect;

4. A tape anchor (tape rolled with adhe-
sive mass out) was applied directly to
the leg;

5. A closed spiral wrap was applied di-
rectly to the leg for suspension;

6. Three or four inch elastic tape was
applied over the cuffs in a manner
that would overlap the cuff and the
underlying wrap to finally hold the
orthosis in place.

RESULTS

Thirty-one athletes, taken from the first
two teams, wore 62 orthoses. The 31
players, divided by position, included two
quarterbacks, one linebacker, 11 offensive
linemen, seven defensive linemen, two
defensive backs, and two tight ends. Ten of
31, or 33 percent, had histories of previous
knee injuries. During the spring of 1983,
our records indicated only one significant
knee injury occurred during 20 days of
spring football. This may be compared to
the nine injuries suffered the spring of the
year before.

When considering any knee orthosis for
use during game conditions, players and
coaches question its effects on speed and
agility. To help answer this question, some
athletes were tested in a timed agility test
around three cones with and without the
orthosis. The results are listed in Table 2.
Of those athletes tested, times revealed no
change to .2 second slower with the ortho-
ses on. The athletes who had previously
injured knees had faster times with the
brace on. This finding may indicate more
confidence when cutting with the brace on
than without. No data can be gathered
from the fall 1982 trial, since the coaches
were pessimistic toward the project, and
less than six athletes finished the season
wearing the devices. Only one of these six
sustained a serious injury in the fall of 1982,
during game conditions when he chose not
to wear his orthosis.

DISCUSSION

The current coaching staff is very posi-
tive concerning protective devices for
knees. In spring practice of 1983, only one
major knee injury occurred. Several ath-
letes who wore the brace had previously
injured their knees. Their attitudes were
positive toward the orthosis, and there
were no new knee injuries in this group.

The double upright, plastic, prophylac-
tic knee orthosis appears to be well toler-
ated by football players. With education of
the athlete being a major concern, a posi-
tive attitude on the part of the coaching
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Comparison of Speed and Agility
With and Without Brace

by Football Position
il 15 Time in seconds
Position Tested With Change Without
Quarterback 1 8.6 No change 8.6
Defensive Lineman 2 8.8 No change 8.8
Offensive Lineman 6 9.3 .1 Slower 9.2
Linebacker 2 8.7 .2 Slower 8.5
Defensive Back 2 8.8 No change 8.8

Table 2.

staff is very important. The greatest deter-
rent to the success of this program was the
coaches’ attitudes towards the orthosis,
and peer pressure from the nonwearers.
These negative comments directed toward
other athletes wearing the prototypes in
fall, 1982, resulted in a minimal number of
consistent wearers. Coaches’ attitudes to-
ward the brace must be positive if the pro-
gram is to be successful.

The lateral hinge appears to be the most
stressed during useage. It might be that the
medial ligaments are spared if the force
comes from an oblique angle to the knee.
Closer study of the field position of the
athlete may clear up this interesting
finding.

It is interesting to note that, as of this
date, the players believe that this device is
worth using, and is not detrimental to their
abilities. Also of interest is that they toler-
ate the small amount of mechanical break-
age and the occasional need to change
joints and uprights or to alter the limits of
the orthotic hinge by using stops.

Weight and bulkiness of the device has
not been a problem. A pair of the nylon

joints without the plastic cuffs weighs only
seven ounces. The device with the copoly-
mer cuffs and the nylon joints weights 13
ounces.

CONCLUSION

Based on a retrospective analysis of 31
football players at lowa State University
wearing 62 plastic, prophylactic knee or-
thoses, it appears that the wearing of such a
device is tolerated by both coaches, train-
ers, and players. Additionally, the evi-
dence of only one knee injury in this group
during 20 days of spring practice demands
that more study be given to this concept in
order to determine statistically how valid
the relationship is between injury and use
of the orthosis.
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Technical Note:

ORTHOSIL Silicone Gel for Pads
and Soft Insert Liners

Lynette K. Black, R.T. (P)

INTRODUCTION

Before becoming concerned with the
functional components of prostheses and
their alignment, we must first address the
connection between body and prosthesis.
“Considerable forces are involved in
standing and walking”’* which must be ab-
sorbed by the prosthesis, and most im-
portantly, by the interface between the soft
tissues of the residual limb and the pros-
thetic socket. “These soft tissues will be
deformed and displaced by the external
forces,”? affecting the prosthesis. During
casting, and through socket design, these
soft tissues are purposely manipulated and
shaped. These external forces and the
forces resulting from movement of the
human body are taken into consideration
in the design of the prosthetic socket.

In the majority of cases, amputees can
tolerate these forces if they have a well
fitted socket, with or without a soft insert
liner. However, there are always excep-
tions. Even with conventional inserts of
leather, kemblo, or polyurethane foam
materials, patients with extensive scar tis-
sue, skin grafts, or minimal tissue covering
of the skeleton may require something spe-
cia] to prevent tissue breakdown.

SILICONE GEL

When silicone gel was introduced, its
unique properties seemed to be ideal to
meet the special needs of these amputees.
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Silicone gel is a semi-fluid material that
will maintain a constant volume. Pure sili-
cone gel padding provides an excellent
weight-bearing support.? When used to
fabricate soft insert liners, it can help ab-
sorb external forces by allowing movement
within the gel, rather than between the
skin and the socket or liner.

Although silicone gel has many excellent
characteristics, there have been some dis-
advantages with using it. Previously, it re-
quired a complicated fabrication technique
which took a great deal of time. Silicone gel
was often bonded or injected between
layers of leather. There were problems of
durability. Delamination would occur
between the leather and the silicone.
Sometimes, if the leather were not sealed
properly, the silicone gel leaked through
the liner. After repeated weight-bearing,
there also was a tendency for the silicone
gel to migrate, thus no longer providing
protection for those areas where it may be
needed most.

A NEW APPROACH

This article will describe a new product
and a simplified fabrication technique for
silicone gel padding and soft insert liners.
The product is ORTHOSIL Silicone Gel,
available from OTTO BOCK Orthopedic
Industry.
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PROPERTIES OF ORTHOSIL

ORTHOSIL Silicone Gel consists of two
liquid components which are combined to
fabricate a socket insert liner or padding.
ORTHOSIL was developed so that its phy-
sical and chemical properties would meet
the special requirements of the prosthetics
field. Advantages include:

1. It does not irritate the skin and is phy-

siologically non toxic.

2. Due to its special molecular structure,
its mechanical properties are similar
to the physical characteristics of sub-
cutaneous tissue.

3. There should not be any problems
with migration of the ORTHOSIL
Silicone Gel Liner. The Liner can be
washed with mild soap and water and
temperatures up to 356°F will not
harm it.

4. ORTHOSIL Silicone Gel is available
in two different types. One produces
a flexible product and is used for the
fabrication of soft insert liners. The
other produces a more firm product,
which may be used for end pads and
distal end-bearing cushions for Symes
and knee-bearing sockets. The flexi-
ble silicone and the more firm sili-
cone can be mixed together in varying
amounts before adding the catalyst, to
achieve varying degrees of density
and elasticity.

FABRICATION
TECHNIQUES

To fabricate an ORTHOSIL silicone gel
below knee socket liner, prepare the plaster
positive model the same way as you would
for lamination. Use PVA sheeting as a
parting agent for dry plaster models. To
seal wet plaster models, use a parting lac-
quer and then PVA Sheeting. Do not get
talcum powder on the outside of the PVA. If
talcum powder is absorbed into the sili-
cone, it will reduce the sheer strength of the
silicone gel.

To make a distal end-bearing cushion in
a socket liner, a plastic mold in the shape of
a cup is available. Spray the mold with
silicone spray and then pull it over the dis-

- R VS U

Figure 1: A plastic mold in the shape of a cup is pulled
over the distal end of the positive model.

tal end of the plaster positive model (Figure
1). 617H44 Silicone Gel and 617H45 OR-
THOSIL Catalyst are carefully measured by
weight. The mixing proportion is nine
parts of silicone gel to one part of ORTHO-
SIL catalyst. The liquid components must
be thoroughly mixed with care, yet not
whipped.

The mixture is then poured into the
opening in the top of the distal end pad
mold (Figure 2). To make a pull sock hole in
the socket liner, sand a 4 mm thick, % inch
wide piece of polyethylene to the contour
of the distal end of the plaster model. Insert
this polyethylene piece vertically into the
opening in the distal end pad mold (Figure
3). A bigger slot can be made for patients
who may have trouble removing the pull
sock. After about 45 minutes, the silicone
mixture will vulcanize so that the mold can
be removed.
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Figure 2: The liquid component mixture is poured
into the opening at the top of the distal pad mold.

Figure 3: To create a pull sockhole, a polyethylene
tube is placed through the opening in the distal end
pad mold.

If the silicone gel liner is fabricated im-
mediately after the end-bearing cushion,
the ORTHOSIL will chemically bond to it-
self. ORTHOSIL will not adhere to itself
after about three hours, when the vulcani-
zation process has been completed. If you
want to bond another layer of silicone to an
existing one, a special bonding agent
617H46 must be painted on the surface.

In preparation of the gel insert, six layers
of elastic stockinette are used in the layup
and then an outer PVA bag is applied. Use
only 623T13 Elastic Stockinette for fabrica-
tion of the silicone gel liner. Only this elas-
tic stockinette has been specially woven
and treated to be compatible with OR-
THOSIL silicone gel. The elasticity of the
stockinette allows stretch circumferen-
tially, but not lengthwise.

Weigh out and mix thoroughly nine
parts to one respectively of 617H43 OR-
THOSIL Silicone Gel and ORTHOSIL
Catalyst. A special caucasian pigment
paste is available for ORTHOSIL. Only this
pigment can be used with ORTHOSIL.
Immediately pour the silicone mixture into
the opening of the PVA bag. Do not
evacuate the air from the layup before
pouring in the silicone gel. Squeeze the
bulk of the ORTHOSIL into the layup at the
distal end of the model. Tie off the PVA bag
around the polyethylene piece, still found
in the distal end pad, and turn on a light
vacuum. Invert the plaster positive model to
a position of about 130° to allow the air to be
evacuated ahead of the gel (Figure 4). Distrib-
ute the mixture slowly, and return the cast to
a vertical position.

When the silicone gel begins to vul-
canize, distribute the mixture to the boney
prominences or any other areas that re-
quire extra padding. Once vulcanization
begins, the silicone gel mixture does not
shift easily and it will remain where it is
distributed when fully vulcanized.

At a room temperature of 70°F the vul-
canization process should be completed in
about two hours. The silicone gel liner can
be removed and sprinkled with talcum
powder on the inside and outside. The
proximal brim should be trimmed using a
pair of sharp scissors, as sanding will ex-
pose fibers of the stockinette (Figure 5).
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Figure 5: The completed gel insert should be trimmed
with a pair of scissors to avoid a rough finish.

ORTHOSIL silicone gel can be used for
custom padding too. It could be especially
useful as a toe filler for amputations of the
forefoot. It can be used for an endbearing
cushion in a Symes socket, and for ischial
seats and anterior above knee socket
brims, virtually anywhere where pressure
points could cause problems.? When fab-
ricating pads, prepare the plaster positive
model in the same manner as stated previ-
ously, and use silicone spray as a parting
agent.

SUMMARY

The many unique properties of silicone
gel have been found to be of great benefit to
amputees whose residual limbs have a
large amount of scar tissue, skin grafts, or
minimal tissue covering the skeleton. Sili-
cone gel has also been used in sports pros-
theses, where greater stress is placed on the
residual limb than in normal daily ac-
tivities (sports such as hiking, skiing,
racquetball, and tennis).
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With the development of ORTHOSIL
silicone gel and the accompanying 623T13
elastic stockinette, the fabrication process
for padding and soft insert liners is rela-
tively quick and easy. The lamination
technique does not require the use of
leather, and the problems of migration,
sealing, and bonding are eliminated.

ORTHOSIL silicone gel should prove to
be beneficial in fitting special problem
cases.
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Technical Note:

Water Safe Prosthetics

Edmond E. Koester, C.P.

INTRODUCTION

The following article is a presentation on
the fabrication of a waterproof prosthesis
for the below knee amputee. It is an eco-
nomical process because it is basically a
modification of an existing prosthesis.

The prosthesis is made using a 4mm
subortholene socket, Otto Bock pedilen
foam, and a Kingsley Beachcomber foot set
up (Figure 1). The adhesive for attaching
the foot is a Dow Corning general purpose
adhesive. A silicone sealant is used around
the edge of the section where the ankle and
foot are bonded together (Figure 2).

FABRICATION

The following is a description of the
molding of the subortholen socket and the
set-up of the prosthesis.

First, the lay up of the PTB or PTS posi-
tive model is shown with the use of one
cast sock, one nylon, and clear sealant (Fig-
ure 3). The next step is to insert the PTB or
PTS positive model in a vacuum forming
system, pulling the cast sock and nylon
over the positive model. Now the subor-
tholen is ready to be vacuum molded over
the cast.

Figure 1: The components of the waterproof below knee prosthesis include a subortholene
socket, “Beachcomber” foot and ankle, and Pedilen foam.
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purpose adhesive and a silicone sealant.
- i, iy =

i
Figure 3: The layup for the subortholene socket in-
cludes clear sealant, one nylon, and a cast sock.

After the subortholen has been heated
to 400°F, it is then molded, sealed off,
and a vacuum is allowed to form, causing a
weld. The excess subortholen is trimmed
off while it is hot, with vacuum still on
(Figure 4). The subortholen socket is then
cooled with an air gun, and allowed to be-
come completely cool. This is very impor-
tant in order to allow the subortholen to
bond well. Trim lines are then determined
on the socket, and the cast is broken out. At
this point, the socket is completely fin-
ished as a standard PTB or PTS socket.

The basic components of the waterproof
prosthesis may now be assembled. These
consist of the subortholen socket, Kingsley

Figure 4: Subortholene is heated to 400°F and vacuum
molded over the cast.

Beachcomber foot, pedilen Otto Bock foam
system, and standard three layer nylon
laminate. In our work, the urethane
bonding agent for the Kingsley foot is vir-
tually unbreakable as compared to any
other agent which has been used in the
fabrication of waterproof prostheses.

The first step is to assemble these com-
ponents temporarily on an alignment jig,
preferably a Staros Gardner coupling. The
patient is then allowed to walk barefoot
with the prosthesis through the normal
alignment procedure. Emphasis is placed
on the fact that the action will not be that of
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a SACH foot or any kind of multi-axis ankle
joint. It is therefore primarily necessary to
align the prosthesis more for standing
comfort than functional walking comfort.
Since the prosthesis is constructed only for
light duty use, the prosthesis weight is
kept to a two to three pound maximum.
Once the prosthesis has been dynam-
ically aligned, it is then finished as a stan-
dard prosthesis. The subortholen socket is
completely roughed up with the large
rough sanding cone. It is then shaped, and
the bonding is done with the pedilen foam.
The ankle block from Kingsley is cut to the
lowest possible point. The prosthesis is
then painted and sealed (Figure 5). Three
layers of nylon are applied over the pros-
thesis and a normal lamination procedure
is carried out. The only specialized lami-
nation requirement is the extra time taken

Figure 5: The limb, after bending and shaping, is
ready to have the finish lamination applied.

around the foot-ankle area and around the
under cuts to eliminate as much weight
from excess resin as possible. The base of
the prosthesis is allowed to cure, and the
distal end of the ankle section is ground to
allow for a smooth flat bonding surface to
the foot plate.

The urethane bond is then applied to the
foot, and the prosthesis (Figure 6), and re-
quires twenty-four hours to cure. It is
suggested that the adhesive be made
smooth and even to make for a uniform
bond. It should dry over night before re-
moving tape (Figure 7).

Figure 6: A smooth coat of the urethane bond is
applied to the foot and ankle block.

Since urethane adhesive is a foaming
agent, it does bubble and expand. Any ex-
cess should be trimmed off with a sharp
knife. It should be smoothed with a felt
cone or a very fine sanding cone. A medical
adhesive should then be used to seal any
areas which have been opened or exposed.
A tongue blade may be used for this to give
a uniform cosmetic appearance.

The upper section of the prosthesis is
smoothed and completed as with a normal
polyester laminate prosthesis. The advan-
tage of subortholen in this system is its
ease of workability, and ease of smoothing.
The subortholen socket should only be
made over a modified plaster positive
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Fgure 7: After the foot is bonded, the foot and ankle
block are taped and allowed to cure for 24 hours.

model that has proven to be a successful fit.
Since the subortholen is only 4mm thick, it
is impossible to relieve the socket much.
The positive model used for the original
prosthesis is saved. After the patient has
worn his prosthesis for an extensive period
of time, and proven it to fit well, then any
small changes may be made to the positive
mold, and the subortholen socket made
from the corrected positive model.

CONCLUSION

I feel this system provides for an eco-
nomical means to provide the patient with

two prostheses: a standard prosthesis
which may have a soft insert, and a multi-
axis ankle joint or a SACH foot which can-
not be allowed to get wet. The waterproof
prosthesis enables the amputee to shower
and enjoy water sports which he may have
missed.

This prosthesis is very easy to construct,
and offers reliability to the amputee, forits
limited use. It can also be used atnightas a
temporary prosthesis, as it incorporates a
flat heel SACH foot.

From the time this presentation was
given, at the AOPA National Assembly in
1981, to now, more than two years have
passed. My facility has supplied approxi-
mately twenty amputees with this prosthe-
sis, and this system has proven itself to be
successful. Work is presently being done
on a similar system for above knee am-
putees, and within a few years a more
complete study on waterproof prostheses
should be available.
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JURR-FILLAUER MEDICal. iNc.
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The B.O.B. is indicated for:
Mechanicail back pain
Apophyseal and Compression fractures
Discogenic disease
Spondylolysis, Spondylolysthesis
Osteoarthritis

Osteoporosis
Pre-operative/post-operative care
Spinal stenosis
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preventative

The Boston Overlap Brace (B.0.B.) Initial clinical trials have shown it to
represents a refinement and develop- be effective in improving patient
ment of the Boston Bracing System. It comfort and function in over eighty
has proven itself to be a useful addition percent of patients with severe back
to the armamentarium of the physician pain from a variety of causes.
managing back pain in the adult
patient.

The B.O.B. is available as a kit ready to be fitted by the orthotist in three
degrees of lordosis (0, 15, 30) and in twelve sizes. Special materials and custom
fabrication available on request.

OURR-FILLAUER MEDICAL, INC.
Orthopedic Division
PO BOX 1678 » CHATTANCOGA, TN 37401
2710 AMNICOLA HIGHWAY » CHATTANOOGA, TN 37401
PHONE 615-624-0946
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REVIEWS

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

Low Back Pain Clinical Diagnosis and Man-
agement, Leonard P. Seimon, M.D., Ap-
pleton Century Crafts, 25 Van Zant St., East
Norwalk, Connecticut 06855, 313 pages.

This book is written as a practical low
key guide to clinical treatment of a complex
problem. It stresses basics, covering in de-
tail: anatomy, pathology, and sources of
pain, as well as how to record a history and
conduct a physical examination. Subse-
quent chapters consider specific problems
and methods of treatment. Of particular
interest in this latter vein is the discussion
of techniques for spinal manipulation. The
use of orthoses and spinal supports is
similarly treated from a practical point of
view, while underlying theoretical bio-
mechanical principles are slighted. Ap-
proximately half the book is devoted to an
extensive series of case histories.

Any orthotist interested in the treatment
of low back pain might well find this book
of interest.

Congenital Deformities of the Spine, Robert
B. Winter, M.D., with contributions by
John E. Lonstein, M.D., and Arnold S.
Leonard, M.D., Ph.D., Thieme-Statton,
Inc., 381 Park Avenue South, New York,
N.Y. 10016, 343 pages and index, 1983,
$59.00.

Dr. Winter in his preface describes this
book as one of the results of a project that
began 20 years ago at Gillette Children’s
Hospital, and that includes the results
of some 1,250 cases seen in the St. Paul-
Minneapolis area. He further describes
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the book as ““a non-statistical” state-of-
the-art review of the topic. The statistical
research data is in the process of being
presented in a series of scientific papers,
each concerned with a separate part of the
total topic. This seems to be an excellent
approach, for it enables the clinician con-
cerned with the treatment of patients to
concentrate on the heart of the matter. All
too often charts, graphs, and statistics—
while important and essential to those en-
gaged in research—impede a more general
reader in his attempt to concentrate on the
basics.

This book should be of interest to all
orthotists involved in the treatment of
scoliosis and other spinal deformities. It is
perhaps best considered as a sequel to
Blount and Moe's The Milwaukee Brace. It
includes chapters on embryology, genet-
ics, natural history, and classification and
terminclogy. Separate chapters are de-
voted to various surgical techniques, sur-
gical complications, and post-operative
immobilization. Similarly, the implica-
tions and treatment of various congenital
deformities and conditions are considered
in separate chapters. Perhaps of greatest
interest to orthotists is the chapter on
non-operative treatment. In it, Dr. Winter
makes firm recommendations for the use of
therapy, body casts, CTLSO’s, and TLSO's.
In addition, the use of orthoses and exter-
nal corrective devices are mentioned where
appropriate in the various other chapters.

The various appropriate and inappro-
priate uses of orthoses and the attendant
complications are discussed. Throughout,
the book is well illustrated with photo-
graphs, x-rays, and line drawings.




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 classified ads will be taken by phone.

Certified or Board Eligible Orthotist—
Offering full time position to assist in the
practice of Orthotics in a large modern fa-
cility located in Phoenix, Arizona. Salary
commensurate with experience. Health
and pension benefits included. Send com-
plete resume to AOPA Box 18404, 717 Pen-
dleton Street, Alexandria, VA 22314.

CP/COICPO or Board Eligible: Immediate
positions available in two locations. Our
Southern NH office is located one hour
from Boston, ski country, or the seacoast.
NH has NO SALES TAX or state income tax.
Our Maine office is located in Lewiston with
similar recreation advantages.

Benefits include accident/health/life in-
surances and profit sharing plan. Salary
commensurate with experience. Send res-
ume and salary requirements to New En-
gland Brace Co., Inc., T. West, 1107 Hook-
sett Road, Manchester, NH 03104.

Manager, Prosthetics/Orthotics—Experi-
enced CPO to head twelve member de-
partment in very large multi-specialty
clinic. Ideal candidate has academic and
practical experience, proven leadership in
managerial skills and ability to teach and
assist younger staff members. Position of-
fers competitive salary, excellent benefit
program and ideal living environment.
Please send resume to:

Betty Kaletka

Employment Manager

Marshfield Clinic

1000 N. Oak Avenue

Marshfield, WI 54449

An equal opportunity employer M/F/H

78

Certified Prosthetist is needed to assume
direction of all prosthetic and orthotic ser-
vices at North Carolina Memorial Hospital
(currently under contract with a private
firm).

Responsibilities will include recruit-
ment, training, and supervision of techni-
cal staff, as well as other routine manage-
ment responsibilities. North Carolina
Memorial Hospital is a 650 bed tertiary care
facility, affiliated with the University of North
Carolina School of Medicine.

Chapel Hill offers a mild climate, excel-
lent cultural and recreational opportuni-
ties, and close proximity to mountains and
beaches. Please send a resume and letter
outlining salary requirements to:

Employment Office
N.C. Memorial Hospital
Chapel Hill, NC 27514

AN EQUAL
OPPORTUNITY/AFFIRMATIVE
ACTION EMPLOYER

Chief Prosthetist

Superior opportunity in suburban Wash-
ington, D.C. Immediate opening for ex-
perienced certified prosthetist or CPO to
manage prosthetic department. Knowl-
edge of myoelectrics desirable. Excellent
salary and special fringe benefits that in-
clude rewards for performance. Contact
Joan Weintrob, CPO, Orthotic-Prosthetic
Center, Inc., 8330 Professional Hill Court,
Fairfax, VA 22031, (703) 698-5007.
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Prosthetist—Experienced in patient care
and fabrication. Immediate opening. Must
have management potential. Reply Sun-
coast Orthotics & Prosthetics, Inc., 1916
Hillview Street, Sarasota, FL 33579, (813)
365-7588.

Prosthetist—Certified practitioner pre-
ferred with three years experience. Duties
include patient management, fabrication
and clinical work. Growing facility with
excellent fringe benefits and pension plan.
Complete resume and salary requirements
will be held in confidence. Reply to Snell’s
Limbs-Braces, Inc., 1833 Line Avenue,
Shreveport, LA 71101.

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.

CO, CP, CPO—Immediate opening for expe-
rienced certified orthotist, prosthetist, or
qualified CPO. Excellent growth potential and
benefits. Salary commensurate with experi-
ence. All inquiries and applications strictly
confidential. Contact: Larry Bradshaw, Scott
Orthopedic, Inc., 5300 West 44th Avenue,
Denver, CO 80212. Tel. 1-800-821-5795.

Orthotic & Prosthetic Technicians—Two
openings for experienced technicians: one
orthotic and one prosthetic. Good benefits.
Salary commensurate with experience. Con-
tact: Larry Bradshaw, Scott Orthopedic, Inc.,
5300 West 44th Avenue, Denver, CO 80212.
Tel. 1-800-821-5795.

Certified Orthotist or CPO Wanted—Must
have 5 years patient management experience.
Send resume and salary requirements to: Mike
Danforth, Danforth Orthopedic Brace, P.O.
Box 2026, Winter Park, FL 32789.

Director of Orthotics and Prosthetics—Ex-
cellent career opportunity for a skilled or-
thotist, orthotist/prosthetist with manage-
rial ability and aspirations to develop one
of the finest orthotic and prosthetic ser-
vices in the country.

The position is located in a large Univer-
sity teaching hospital in upstate New York.
An opportunity to work in conjunction
with an orthopaedic staff that is on the
cutting edge of the field. Specializations
include: non-operative management of
scoliosis, sports medicine, pediatrics, and
ped-orthotics.

Excellent benefits package including
tuition benefits. Send resume and salary
history to: University of Rochester, Per-
sonnel Department, Box 636D, 260 Critten-
den Boulevard, Rochester, NY 14642. Equal
Opportunity Employer, (M/F).

Immediate opening for Board Eligible
Orthotist—Must have extensive fabrication
experience with some fitting and patient
contact. Modern orthotic and prosthetic
laboratory in a progressive pediatric/ortho-
pedic hospital. Good salary and benefits.
Contact: Lou Ekus, CPO-Director, Shriners
Hospital for Crippled Children, 516 Carew
Street, Springfield, MA 01104, (413) 787-
2078.




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 yourextra 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 to 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._ - " __ ____________ AOPA Member Firm

Address e =
Zip Phone

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

[] 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
[] 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




LERMAN

U.S. Patent Numbers 4,337,764, & 4,372,298 Otner Patents Pending

The Lerman Multi-Ligamentus™ Knee Control Orthosis
controls knee motion and provides: medio-lateral
stability, anterior-posterior stability, derotational-
rotational control and patellar tracking.

TM Two completely pre-
fabricated models are
] now available.
The adjustable model

KNEE GONTROL ORTHOSIS

may be used to control
knee flexion and extension to any
desired degree while the free knee
model is used when knee joint
motion need not be restricted.
Available in four sizes, left and "
right, the Lerman Multi-Ligamentus

Knee Control Orthosis may be
applied to most patients right
off the shelf. It's easy to
apply and remove, may be fit
without precise measuring de-
vices or technigues and is
easily contoured to achieve an
excellent fit without disturbing
knee joint alignment.

Adjustable Model Product Numbers:
Small- Right— A16-6RS-M000
Medium - Right— A16-6RM-D000
Large - Right— A16-6RL-G000
X-Large- Right— A16-6RX-L000
Small- Left—A16-6LS-M000

Medium - Left—A16-6LM-D000
Large-Left—A16-6LL-G000
X-Large-Left— A16-6LX-L000

Free Knee Model Product Numbers:
Small- Right—A16-6RS-M001
Medium- Right— A16-6RM-D001
Large - Right—A16-6RL-G001
X-Large-Right— A16-6RX-L001
Small- Left— A16-6LS-M0O1

Medium - Left— A16-6LM-D0C1
Large-Left—A16-6LL-G0O01
X-Large-Left— A16-6LX-L001

United States Manufacturing Company

180 N. San Gabriel Bivd., PO. Box 5030, Pasadena, Calfornia $1107 U.S.A
{818) 796-0477, Cabile: LIMBRACE, TWX No.: 910-588-1973, Telex: 456-302



If Sports Supports’

86 Knee Orthoses
Aren’t Enough

We Will Make an 87th
ToYour Specifications.

1111-F - HINGED FAN KNEE SUPPORT 1000-LH - SLEEVE TO FIT UNDER 1004 - PATELLAR KNEE SUPPORT
“NEW PRODUCT"” DEROTATION BRACE

We at Sports Supports realize that there are certain times when a patient can not be fitted with a stock
product or size or that modifications must be made for a patient’s special needs. If you will supply us with
the proper measurements, we will be happy to fabricate a custom orthosis.

In most instances, however, one of our stock products will do the job. With our stock knee orthoses we
offer 1/8" and 1/4" thicknesses; nylon-one-side and nylon-two-side material; exposed orthopedic felt or
enclosed tubular neoprene buttresses in the following configurations: superior horseshoe, inferior
horseshoe, donut, and lateral crescent; spiral steel stays and hinges; and elastic and velcro strapping. Con-
fused? Please call or write us'to receive our new 16 page color catalogue which will answer your questions
concerning our knee supports as well as give you information about our full line of Orthopedic Neoprene

| ‘por{.s'
upports inc.
ﬂe _gaodj /f’{ eaé'a'rze é&.@

IN STATE CALL 2611 PERTH CALL TOLL FREE .
COLLECT (214) 358'4528 DALLAS, TEXAS 75220 OUT OF STATE 1‘8“‘527‘52?.




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¥2 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 original 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 Ut P - M.D.
O — CPO. — 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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