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Meetings and Events

Please notify the National Headquarters immediately concerning all meeting dates. It is
impeortant to submit meeting notices as early as possible. In the case of Regional Meet-
ings, you must check with the National Headquarters prior to confirming date to avoid

conflicts in scheduling.

1986

January 20-26, HANDEX ‘86, China’s
First National Care for the Handicapped
Exhibition, Military Museum, Beijing,
People’s Republic of China. Contact:
Harry Lepinske, International Market-
ing Services Ltd., China International
Trade Centre, 1719 S. Clinton Street,
Chicago, Mlinois 60616; tel. 312-593-
2462.

January 27-February 2, Academy Annual
Meeting and Scientific Symposium,
MGM Grand, Las Vegas, Nevada. Con-
tact: Academy National Headquarters:
703-836-7118.

January 30-February 1, 13th Annual
Sports Medicine Symposium, The Uni-
versity of Texas Health Science Center at
San Antonio, San Antonio, Texas. Con-
tact: Jesse C. DeLee, M.D., UTHSCSA,
7703 Floyd Curl Drive, San Antonio,
Texas 78284-7980; tel. 512-691-6295.

February 16-20, ARAB HEALTH ’86, the
International Hospital, Medical Equip-
ment, and Services Exposition for the
Middle East, Jeddah, Saudi Arabia.
Contact: George B. Keen, U.S. Dept. of
Commerce, Room H1104, Washington,
D.C. 20230; tel. 202-377-2010.

February 20-25, American Academy of
Orthopedic Surgeons Annual Meeting,
New Orleans, Louisiana.

March 2-5, 3rd Israel-Scandinavian Re-
habilitation Seminar, ““ISRASCAN:
Work for Disabled Adults,” Eilat, Israel.
Contact: Israel Rehabilitation Society, 18
David Elazar Street, Tel Aviv 61901,
Israel.

March 14-15, American Academy of Or-
thotists and Prosthetists Continuing
Education Conference 1-86, ““Spinal and
Seating Orthotics,” Birmingham, Ala-
bama.

March 17-21, Fitting Procedures for the
Utah Artificial Arm, UCLA Post-Grad-
uate Medical School, Department of
Prosthetics and Orthotics, Los Angeles,
California. Contact: Harold Sears,
Ph.D., Motion Control, Inc., 95 S. Elliott
Road, #105, Chapel Hill, North Carolina
27514; tel. 919-968-8492.

April 8-11, Pacific Rim Conference, Inter-
continental Hotel, Maui, Hawaii.

April 9-12, Ambulatory Surgery in
1986—What's Happening Now. Free-
standing Ambulatory Surgery Associa-
tion, Boston Marriott Copley Place,
Boston, Massachusetts. Contact: 703-
836-8808.

April 10-12, New England Chapter of the
Academy Spring Seminar, Dunfey
Hotel, Hyannis, Massachusetts. Con-
tact: E. Janulaitis, CPO, tel. 617-586-
7700.

April 12, Midwest Chapter of the Aca-
demy Spring Continuing Education
Seminar/Social Event.

April 17-20, AOPA Region IV Annual
Meeting, Orlando, Florida.

April 18-19, New York State Chapter of
the Academy Meeting, Rochester, New
York.

April 24-26, International Conference on
the Menisci of the Knee, Hotel Libertas,
Dubrovnik, Yugoslavia. Contact: Marko
Pecina, President of the Organizing
Committee, International Conference
on the Menisci of the Knee, Zagreb,
Yugoslavia.

April 26-29, AOPA Regions II and III
Combined Annual Meeting, Resorts
International Casino, Atlantic City,
New Jersey. Contact: Mort Levy, CP,
201-222-0366.

May 7-10, Annual Meeting of the Associa-
tion of Children’s Prosthetic-Orthotic
Clinics, Milwaukee, Wisconsin. Con-



tact: Francis J. Trost, M.D., Program
Chairman, 2545 Chicago Avenue S.,
Minneapolis, Minnesota 55404.

May 16-17, American Academy of Or-
thotists and Prosthetists Continuing
FEducation Conference 2-86, ‘‘Lower
Limb Prosthetics,”” Kansas City, Kansas.
Contact: Academy National Headquar-
ters, 703-836-7118.

May 28-30, 5.M. Dinsdale International
Conference on Rehabilitation, “‘To-
wards the 21st Century,” hosted by the
Royal Ottawa Regional Rehabilitation
Centre, 505 Smyth Road, Ottawa, Onta-
rio K1H 8M2. Contact: Education Dept.
tel. 613-737-7350, ext. 602.

May 28-31, AOPA Region V Annual
Meeting, Hyatt Regency, Cincinnati,
Ohio.

June 2-6, Fitting Procedures for the Utah
Artificial Arm, Northwestern University
Post-Graduate Medical School, Depart-
ment of Prosthetics and Orthotics, Chi-
cago, Illinois. Contact: Harold Sears,
Ph.D., Motion Contol, Inc., 95 S. Elliott
Road, #105, Chapel Hill, North Carolina
27514; tel. 919-968-8492.

June 6-8, AOPA Region IX, COPA, and the
California Chapters of the Aacdemy
Combined Annual Meeting, Newport
Beach Marriott, Newport Beach, Cali-
fornia.

June 11-14, AOPA Regions VII, VIII, X,
and XI Combined Annual Meeting,
Alameda Plaza, Kansas City, Missouri.

June 19-22, AOPA Region VI and
Academy Midwest Chapter Combined
Annual Meeting, Lakelawn Lodge,
Delavan, Wisconsin.

June 23-27, RESNA 9th Annual Confer-
ence on Rehabilitation Technology,
“Employing Technology,” Radisson
South Hotel, Minneapolis, Minnesota.
Contact: RESNA, Suite 700, 1101 Con-
necticut Avenue, NW, Washington,
D.C. 20036; tel. 202-857-1199.

July 18-19, American Academy of Or-
thotists and Prosthetists Continuing
Education Conference 3-86, “‘Disarticu-
lation Prosthetics,” Milwaukee, Wis-
consin. Contact: Academy National
Headquarters, 703-836-7118.

August 5-7, Canadian Association of
Prosthetists and Orthotists bi-annual
national convention, World Trade Cen-
tre, Halifax, Nova Scotia, Canada.
Contact: Nova Scotia Rehabilitation
Centre, Orthotics/Prosthetics Unit, 1341
Summer Street, Halifax, Nova Scotia
B3H 4H4, Canada.

September 19-20, American Academy of
Orthotists and Prosthetists Continuing
Education Conference 4-86, “Powered
Limb Prosthetics,” Albany, New York.
Contact: Academy National Headquar-
ters, 703-836-7118.

October 24-25, American Academy of
Orthotists and Prosthetists Continuing
Education Conference 5-86, ‘‘Spina
Bifida,” Cincinnati, Ohio. Contact:
Academy National Headquarters, 703-
836-7118.

November 4-9, AOPA Annual National
Assembly, Marriott's Orlando World
Center, Orlando, Florida. Contact:
AOPA National Headquarters, 703-
836-7116.

1987

January 22-27, American Academy of
Orthopaedic Surgeons, Annual Meet-
ing, San Francisco, California.

February 15-22, Academy Annual Meet-
ing and Scientific Symposium, Hyatt
Regency Tampa, Tampa, Florida. Con-
tact: Academy National Headquarters,
703-836-7118.

May 28-31, AOPA Region V Annual Meet-
ing, Grand Traverse Hotel, Traverse City,
Michigan

June 10-13, AOPA Regions VII, VIII, X,
and XI Combined Annual Meeting,
Dallas, Texas.

July 5-10, International Conference on
Disability Education, Jerusalem, Israel.
Contact: Israel Rehabilitation Society, 18
David Elazar Street, Tel Aviv 61901,
Israel.

July 12-16, International Conference of
Rehabilitation Journalists, Jerusalem,
Israel. Contact: Israel Rehabilitation
Society, 18 David Elazar Street, Tel Aviv
61901, Israel.



September 21-27, AOPA Annual National
Assembly, Hyatt Regency Hotel, San
Francisco, California. Contact: AQPA
National Headquarters, 703-836-7116.

1988

May 19-21, AOPA Region V Annual
Meeting, Charleston, West Virginia.

September 5-9, 16th World Congress of
Rehabilitation International, Keio Plaza
Inter-Continental Hotel, Shinjuku,
Tokyo, Japan. Contact: Secretary Gen-
eral, 16th World Congress of Rehabili-
tation International, c/o the Japanese

Society for Rehabilitation of the Dis-
abled, 3-13-15, Higashi Ikebukuro,
Toshima-ku, Tokyo 170, Japan.

October 25-30, AOPA Annual National
Assembly, Sheraton Washington Hotel,
Washington, D.C. Contact: AOPA Na-
tional Headquarters, 703-836-7116.

1989

October 2-8, AOPA Annual National As-
sembly, MGM Grand Hotel, Reno,
Nevada. Contact: AOPA National
Headquarters, 703-836-7116.
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Low Profile Contoured Ring

Sidney Wallace, M.D.
Robert Madigan, M.D.
Jack Wasserman, Ph.D.
Carlton Fillauer, C.P.O.
Karl Fillauer, C.P.O.

The design of the Milwaukee Orthosis
has changed considerably since its intro-
duction in 1945.1 Continued development
has led to decreased use of the traditional
Milwaukee Orthosis in the treatment of
idiopathic scoliosis. In many locales, the
low profile T.L.S.O. (thoracic lumbar sacral
orthosis) dominates the non-operative
treatment of scoliosis because of better pa-
tient acceptance and its effectiveness in
managing mid-thoracic and lumbar
curves. We utilize a T.L.5.0. module on a
routine basis when the apical vertebra is at
the ninth thoracic vertebra or below. We
have also used a T.L.5.0. on borderline
mid-thoracic curves with the understand-
ing that the orthosis may need to be modi-
fied to the C.T.L.5.0. (cervical thoracic
lumbar sacral orthosis) design if we fail to
control the curve. Recently we have modi-
fied the neck ring of our C. T.L.5.0. to make
it less conspicuous and, therefore, gain
better patient acceptance without sacrific-
ing effectiveness. (Figure 1).

The development of this new neck ring
resulted from an outgrowth of work con-
ducted at The Children’s Hospital at Stan-
ford University.? The Hospital staff had
modified the Fillauer throat frame for use
in a biofeedback program for the treatment
of scoliosis. This stimulated our interest in

nE = E FW

Figure 1. The modified C.T.L.S.0. is more effective
and less conspicuous.
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antero-posterior and medio-lateral dimension.

modification of the neck ring to effect a
more cosmetically acceptable device. In
1981 we began fitting patients with this
type of neck ring, and soon realized that
our patients accepted this design more
than the conventional neck ring. This was
most apparent in the children who had ini-
tially used the conventional neck ring.
Eliminating the mandibular and occipital
sections also improved comfort.
Traditionally, the neck ring provided
three functions. A distraction force was
applied to the spine as a result of the occi-
pital and mandibular pads. It provided a
lateral counter pressure, and it functioned
to center the head and neck over the trunk.
It is our impression that the latter two
functions are the most important and are
maintained in the new design.
Distraction played a prominent role in
the early Milwaukee orthoses. Such ex-
treme measures were shown to have a de-
leterious effect on the jaw and teeth, and
the use of the mandibular pad was elimi-
nated in the 1960’s. It has been stated that
the occipital pads in the absence of a high
mandibular pad serve as a fulcrum about
which the patient can obtain distraction by
hyperextending the cervical spine. We are
now reevaluating this accepted theory in

e

ring sizes—small, medium, large, and extra large—that differ in both the

‘ & 3 TN
Figure 3. The ring will touch the side of the neck,
but it is possible to reduce excessive pressure on the
neck by adding a three-quarter ring.
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light of the success the low profile ring is
achieving. In practice, it seems that the
patient does not utilize this function of the
ring, and our feeling is that it is of little
benefit to provide provisions in a ring to
achieve this function.

Paramount in this new concept is the
realization that with the cosmetically ac-
ceptable low profile neck ring, the prob-
lems associated with compliance are re-
moved, while desirable effects from using
a neck ring are preserved. The Low Profile
Neck Ring provides a lateral control force to
act in concert with an axillary sling to op-
pose the thoracic pad. The ring also posi-
tions the head over the pelvis to result in a
compensated spine.

RING SELECTION AND
FITTING

There are four standard ring sizes—
small, medium, large, and extra large—
that differ both in the antero-posterior and
medio-lateral dimension (Figure 2). It is
very important to carefully select the
proper size in order to achieve maximum
cosmesis. The ring should fit around the
base of the neck without impinging on the
clavicle. As in the other designs, the ring
will touch on one side of the neck. It is
possible to reduce excessive pressure on
the neck by adding a three quarter axillary
ring (Figure 3). The axillary ring will often
make orthosis use more comfortable.

A disadvantage to the use of the Low
Profile Contoured Ring is the added time
required in fitting as compared to the more
traditional designs, because of the empha-
sis placed on achieving maximum cosme-
sis. What used to be acceptable parameters
for a properly fitted ring have now
changed, and close attention must be paid
to determine the proper height of the ring.
Observing the patient both in the standing
and the sitting position is mandatory, since
there may be a considerable difference in
height measurement. Adjusting the vari-

ous pads frequently lessens this difference.
The ideal situation is achieved when the
algebraic sum of the pressure of the right
and left pressure pads is equal. This is ob-
viously a subjective judgment, for there are
no means of accurately measuring the pres-
sure on each pad. However, keeping this
concept in mind will aid in achieving op-
timum orthotic function.

SUMMARY

The authors have fit 50 patients with or-
thoses incorporating the Low Profile Con-
toured Ring. The overall results appear to
be excellent, and the ring is continuing to
be used in place of previously used de-
signs. The authors have further modified
the concept by lowering the lateral place-
ment of the ring from mid-neck to the base
of the neck, which does not compromise
the effectiveness of the orthosis. The inch
lost in length is functionally insignificant,
but is cosmetically important. With the
placement of the ring at the base of the
neck, it is unobtrusive when wearing
clothes. At present, orthopedic surgeons,
orthotists, and especially patients are very
optimistic about this new design. A pro-
tocol for its usage and fitting requirements
is being written.
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The Application of ISNY Principles
to the Below-Elbow Prosthesis*

Norman Berger, M.S.
Sidney Fishman, Ph.D.
David Krebs, M.A.
William Webb, B.S.

Since January, 1984, when New York
University Post-Graduate Medical School
introduced the ISNY (Icelandic-Swedish-
New York) Above-Knee Socket System to
the prosthetic profession by offering the
first instructional course on this subject,
this revolutionary technique has spread
with surprising speed all over the United
States and, indeed, through many of the
industrialized nations of the world.?
In view of the overwhelmingly favorable
response to the comfort provided by the
thinner, lighter, cooler, flexible ISNY
socket and its weight-transmitting frame,
it is obvious that consideration would soon
be given to the application of these design
principles to other amputation levels. The
purpose of this paper is to report on the
ISNY Flexible-Hinge Prosthesis, for the
medium and long below-elbow amputee.

For this level of below-elbow amputee,
the conventional prosthesis is fabricated of
rigid plastic laminate, with a double wall
construction. The inner wall forms the
socket and the outer wall provides for at-
tachment of the wrist unit and flexible
hinges, as well as for appropriate length
and shape. As illustrated in Figure 1, the
ISNY below-elbow prosthesis consists of a
thin, thermoplastic socket connected via

16

Figure 1. L.S.N.Y. Flexible Hinge Below-Elbow

Prosthesis.

volar and dorsal struts to the laminated
distal portion. As in the above-knee ISNY
design, the socket is soft and flexible rather
than hard and rigid. The frame, while al-
lowing for length, shape, and component
attachment, is minimal in size and extent.

*Funded by Special Project MCJ-363082—Bureau of Health
Care Delivery & Assistance Division of Maternal & Child
Health, U.S. Public Health Service, Rockville, MD 20857.
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Characteristics of Sample

Weight
Length as Duration Difference
Age at Compared of ISNY (Conventional-
Fitting to Sound Side Experience  ISNY Forearm)
Subject (yr.) Sex (%) (mo.) (0z.)
1 11 M 62 2 6.25
2 18 F 69 7 4.0
3 13 F 38 7 4.0
4 13.5 F 69 7 5.5
5 14 F 75 11 4.75
6 7.5 M 68 2 4.0
X 12.8 4-F, 63.5 5.8 4.75
2-M
Table 1.
CLINICAL EXPERIENCE model, and wrist unit, but the terminal

Following several laboratory fittings for
developmental purposes, the first ISNY
below-elbow prosthesis was delivered in
February, 1984 to a 73 year old male, semi-
retired plumber who had been a part-time
user of his conventional prosthesis. With
the ISNY prosthesis, however, he becamea
full-time wearer, and was able to perform
his activities of daily living and vocational
activities more comfortably. The subject
has worn the ISNY prosthesis successfully
for more than one year without need for
repair. Due to these encouraging reactions,
NYU began a series of ISNY flexible-hinge
below-elbow prosthesis fittings to a group of
young amputees, this being the specific
population that we were funded to serve.

In our initial series, six unilateral, con-
genital, below-elbow amputees were
fitted. The four girls and two boys range in
age from 7Yz to 18 years (X = 12.8 yrs.),
with an average residual limb measuring
63 percent of sound forearm length. All
were full-time wearers of conventional
prostheses. ISNY sockets were fabricated
for each subject utilizing a new plaster
negative impression, plaster positive

device and harness type were unchanged.
These six individuals have worn the new
sockets for an average of 5.8 months (range:
2-11 mo.). The forearms containing the
ISNY sockets have averaged 4.8 oz. light-
er than their conventional counterparts
(Table 1).

Structured interviews were conducted
with each wearer at the time of delivery of
the new prosthesis and at two, four, and six
week intervals post-delivery to elicit com-
parative opinions concerning the conven-
tional and ISNY prosthesis. As detailed in
Table 2, all subjects indicated that the ISNY
was more comfortable than the conven-
tional socket, being lighter, cooler and
permitting the input of sensory stimuli,
particularly when writing or leaning on the
prosthesis. They also reported that wear
times increased with the ISNY system, es-
pecially during the summer months, and
that the device “felt more like my real arm,”
probably due to the greater intimacy of fit
made possible by the soft, flexible ther-
moplastic. Three individuals objected to
the appearance of the prosthesis, indicat-
ing that the two dissimilarly colored parts



18 Norman Berger, M.S.; Sidney Fishman, Ph.D.; David Krebs, M.A.; William Webb, B.S.

Comments Regarding the
ISNY Below-Elbow Socket

Number
of
Children

Comment

Comfort
Lighter
Adheres to limb better
Able to wear most of time
Cooler
Softer
Better flexibility
Feels more like part of my arm
Thinness is good
Heat: same
Good pressure distribution

== NN NNOGJg o

Sensation
Better feedback from environment
Better sensation
Quieter when ISNY
strikes something
Likes to touch ISNY
Friends like to touch ISNY
Hurts others less when
they are struck 1

w1

- N W

Function
Better pro/supination
Better flexion ROM
Hook opens more easily
Doesn’t slip off table

— =AW

Appearance
Appearance better
Appearance worse

ww

Table 2.

(socket and frame) “‘looked different than
areal arm.” Nonetheless, they persisted in
wearing the device due to the overriding
comfort and other advantages in compari-
son with the conventional system. The
other three individuals considered the
cosmesis to be better than the conven-
tional.

In summary, all subjects reacted en-
thusiastically to the new sockets and em-
phatically rejected any suggestion to return
to their conventional sockets.

FABRICATION METHODS

Vacuum-forming the Socket

Using round frames (inside diameter 9")
and around platen (diameter 8"), the socket
is vacuum formed from either polyethylene
or Surlyn.® For longer and broader residual
limbs, the thermoplastic should be 3/16"
thick, while for shorter and thinner resid-
ual limbs, V8" thickness may be used. In
most cases, drawing the socket over the
plaster model is a simple and straight-for-
ward procedure.

Problems may be encountered, how-
ever, if the residual limb presents an un-
usual non-conical shape, as for example a
wrist disarticulation with undercuts just
above the styloid processes, or a limb with
a distinct curve at its end. It is difficult to
prevent wrinkling and excessive thinning
of the socket wall in these undercut areas.
To solve such problems, we have either
used ¥8" Surlyn,® which tends to mold
more easily than polypropylene; or %"
polyethylene, in which case the portions of
the socket that are too thick are ground
down and buffed to appropriate thinness
and flexibility. This latter solution does not
work with Surlyn® because it does not
readily accept grinding.

Frame Lay-Up
With the socket, the wax extension, and
the wrist unit in place on the plaster posi-
tive model, lay-up materials are applied as
follows:
® a sleeve of light dacron felt
® two layers of nylon stockinette
® two layers of carbon fiber tape('2”
width) placed along with volar and
dorsal midlines of the socket and ex-
tension
e two layers of nylon stockinette
With the exception of the carbon fiber,
all materials are pulled over the model and
tied off at the wrist unit in the usual man-
ner. The layers of carbon fiber tape are
formed by folding a one inch width
lengthwise, thus creating two layers of 2"
width, and sewing to maintain the fold.
These sewn lengths are then placed along
the volar and dorsal midlines beginning
approximately one inch proximal to the
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wrist unit and extending to approximately
one inch distal to the anticipated socket
trimline.

Frame Trim

After lamination, the frame is trimmed
so that the volar and dorsal struts are ap-
proximately 3" in width, which means
that about V8" of resin-impregnated nylon
and dacron felt remain on each side of the
12" wide carbon-fiber tape. Proximally,
these struts terminate anywhere between
/" and %" distal to the socket trimline. The
shorter the residual limb, the closer the
proximal termination will be to the socket
trimline.

Posteriorly, the curve which connects the
struts is at a level just distal to the distal end
of the residual limb. Anteriorly, however,
this curve is just proximal to the distal end
of the residual limb (Figure 2). The purpose
of the more proximal location of the ante-
rior curve is to improve cosmesis by hiding
the site of amputation, without contacting
the socket. It is essential to keep this in
mind when preparing the wax forearm ex-
tension, which must be shaped so as to
provide approximately Ys"” clearance be-
tween socket and frame in this area.

Attachment of Socket to Frame

Several methods of attaching the socket
to the struts have been explored. Our ini-
tial approach of simply riveting the ther-
moplastic socket to the frame resulted in
bearing failure due to the inadequate area
available to resist stress. As a second ap-
proach, the socket was formed over Nylo-
plex strips placed on the volar and dorsal
sides of the positive model with Nyloplex
rivets put through the socket, frame, and
strips. This greatly increased bearing sur-
face solved the bearing failure problem,
however, fabrication proved to be a some-
what cumbersome and time-consuming
process.

The preferred procedure utilizes an ad-
hesive-backed, Velcro type* pile secured
to the thermoplastic socket, with the hook

**Scotchmate Hook and Loop, 3M Manufacturing Co., Min-
neapolis, Minnesota.

Figure 2. .S.N.Y.
flexible socket dis-
playing anterior
distal trimline.

portion either adhesive backed, or glued to
both struts with Devcon 5-Minute Epoxy®
or 3M#4693.® The parts are then simply
pressed together. Although this technique
provides a very satisfactory attachment,
the mediolateral dimension of the prosthe-
sis is increased by the thickness of the pile
and hook. It is possible, if desired, to re-
duce this dimension by utilizing only the
pile. As before, the adhesive backing of the
pile is applied to the thermoplastic socket;
however, the other surface is glued directly
onto the laminated struts.

Harness Attachment

The flexible hinges are attached to the
ISNY forearm at the conventional sites.
However, it is important to recall that the
cross-hanger strap that connects the two
hinges should be positioned precisely at
the joint centers (i.e., directly over the hu-
meral condyles).

Though we are unable, as yet, to report
long-term results on a large number of pa-
tients, we are confident on the basis of the
evidence presented that the ISNY Flexible
Hinge Prosthesis, as described, represents
a significant advance in prosthetic comfort
and function for medium and long below-
elbow amputees. We are also confident that
the same approach will be applicable to
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other types of lower and upper-limb pros-
theses and we are currently directing re-
search efforts along these lines.
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INTRODUCTION

The functional objective of any cervical
orthosis is to limit unwanted cervical spine
motion.! Motion control at the cervical
spine is sought to ameliorate an array of
problems which vary in etiology and se-
verity.® Special cervical orthotic require-
ments may include one or more of the fol-
lowing: realignment of the cervical spine,*
motion control in flexion, extension, an-
terior or posterior displacement, lateral
flexion, axial rotation, and modest un-
weighting of the vertebrae.”” Some com-
mon prescription criteria for use of a cer-
vical orthosis are: post surgical manage-
ment, immediate post-traumatic man-
agement, subluxations, degenerative dis-
eases, and management of pain secondary
to a multitude of disorders.’»*%® Each
disorder may require one or more specific
functions from a cervical orthosis.

In response to the different etiological
factors and various manifestations of
problems, many categories and types of
cervical orthoses have become available to
the orthotist.'* % % ¢ The trends indicate a
preference toward using prefabricated de-
signs whenever possible,® and this has
motivated manufacturers to design and
market many prefabricated cervical ortho-
ses. Most prefabricated cervical orthoses
allow for minor adjustments only, with

21

LT,

each having its own inherent advantages
and disadvantages.

According to Johnson,® there are four
categories of cervical orthoses. These are
(in order from least to most restrictive) the
cervical collars, poster cervical orthoses,
cervicothoracic orthoses, and the halo
skeletal fixation orthosis. Given the variety
of orthoses available, prescription ration-
ale includes consideration of function,
comfort, and cost of the orthosis.

Effective stabilization is paramount.
However, when a cervical orthosis needs to
be worn for an extended period of time,
comfort becomes an issue. Often, some re-
strictive efficacy is sacrificed for this pur-
pose. When cervical spine instability is not
apparent, the collar types are most fre-
quently the first choice for use. The collar’s
kinesthetic reminder property plays an
important role in limiting motion about the
cervical spine.!

In emergency situations when supplies
must be maintained, ease of application
and cost are important. In view of this, the
collar types have been widely used by
paramedics for immediate post-traumatic
cervical spine management.'® However, it
is known that collars are inadequate for
controlling cervical spine instability.
Paramedics will utilize sand bags about the
injured body, particularly the head and
neck, and tape the head to an underlying
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board. These actions supplement the in-
adequacies of the various collars.

Many studies have been conducted on
the popular cervical orthoses.?* % ¢ These
studies have explored the relative motion
control in the three anatomical planes.
Documentation of motion in the sagittal,
coronal, and transverse planes have been
photographed and roentgenographed. The
results are presented as percentages of mo-
tion restricted when compared to the nor-
mal range exhibited by the cervical
spine.**% In addition, the mechan-
ics of motion at each individual verte-
bral level from the occiput through T-1
have been explored.>! In all, docu-
mentation of motion in the three anatomi-
cal planes has provided sufficient infor-
mation in determining the orthoses overall
effectiveness for controlling motion of the
cervical spine.>" A secondary considera-
tion is patient tolerance, which remains
somewhat subjective and difficult to
quantify. The orthotist obtains this infor-
mation from patient feedback, appearance
of the orthosis, and through trial fitting the
orthosis, when possible.” 1

These studies are an excellent compila-
tion of information for comparisons of cer-
vical orthoses. However, there exists a
need to document the new orthoses within
each category, since many new cervical
orthoses have been developed and mar-
keted since the previous studies. It is the
specific objective of this report to evaluate
one of these new devices, the NecLok® cer-

vical collar. The soft foam collar and the
Philadelphia collar were used to establish
internal criteria for comparison.

To date, no quantitative study has been
conducted on the NecLok® cervical ortho-
sis. A subjective analysis by the State of
Indiana Emergency Medical Service Com-
mission has rated this cervical collar supe-
rior over other cervical collars. Results were
obtained by evaluating the orthoses ac-
cording to the following criteria: simpli-
city, ease of cleaning, immobilization
quality, ease of application, construction
material, space needed for storage, sizes
available, and manufacturer's wholesale
price.?

MATERIALS AND
METHODS

Ten subjects were selected, three female
and seven male, with ages varying from 24
to 45 years. All subjects had normal cervical
spines with no history of injury or disease.
Each subject was tested for cervical range of
motion in four treatment modes: wearing
no orthosis and wearing each of the three
test orthoses (Figure 1). All the orthoses
were fit according to the manufacturer’s
recommendations.

Because of the accuracy of goniometry
compared to roentgenography has been
substantiated by others,?- '3 1415 goniom-
etry was used only to measure gross cervi-
cal motion in this study. By doing this, the
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high radiation exposures associated with
roentgenography were avoided. Also, the
angular errors associated with locating
both gross anatomical landmarks and then
convergent projections were avoided.

Each of the 10 subjects was seated in a
standard, straight back chair and had their
thoracic spine held against the chair back
with the aid of a custom fabricated chest
apron. In addition, each subject was in-
structed to exert a conscious effort to elimi-
nate unnecessary motion, thus reducing
unwanted thoracic and lumbar spine mo-
tion minimizing the introduction of errors
into the cervical motion measurements.

For the purpose of this paper, motion in
the sagittal plane is described as anterior/
posterior motion. Previous studies have
indicated that during an attempt to flex the
cervical spine against mandibular restric-
tion, some of the lower cervical vertebrae
actually extend. In addition, gliding mo-
tion among the facets also contributes to
motion in this plane.® ¢ Lastly, flexion and
extension occurs about many axes and
thereby contributes to anterior or posterior
displacement of the structures proximal to
those axes.

Anterior/Posterior Motion

Anterior/posterior motion was mea-
sured as shown (Figure 2). An angular scale
was positioned in the sagittal plane closely
along the side of each subject. Each subject
wore a custom fabricated head halter with
an indicator needle attached (Figure 3). The
indicator needle could be attached to vari-
ous sites on the halter to accommodate the
other measurements. The indicator needle
traversed the scale during the ranging of
the cervical spine and pinpointed the mag-
nitude of angular motion. This allowed for
a visual observation of an arc, depicting
two end points of the full range of motion
for that subject. The study goal was to ob-
tain the subject’s full arc measured in de-
grees (Figure 4).

Each of the 10 subjects were instructed
on a procedure for allowing their neck to
flex forward to the end of their range and
then backward to the end of the extension
range. The angular scale was marked at

o

Figure 2. Anterior/posterior motion measurement.

each end point of cervical spine motion.
This procedure was repeated three times in
each direction.

The platen with scale was calibrated in
two degree increments. A camera was
diametrically positioned from the scale to
document the findings on film. A telephoto
lens was utilized in an attempt to minimize
errors created by parallax between the in-
dicator needle and angular scale. Each
photograph recorded three data end
points, two of which were indicated on the
angular scale with an ink marker (triangle
and square), and the third was indicated
with the needle protruding from the head
halter. After it was determined that the
difference of the three data points were not
statistically significantly different, they
were averaged into a single value repre-
senting one extreme range of motion. This
procedure was repeated for each of the cer-
vical collars used in this study.
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Figure 3. Head halter and indicator needle.

Lateral Flexion Motion

This testing procedure was repeated for
lateral flexion. The angular scale was repo-
sitioned behind the subject’s head in the
coronal plane as shown (Figure 4). The in-
dicator needle was also repositioned at the
posterior aspect of the head halter. The
subjects were instructed to flex their necks
laterally to the left, and then to the right.
This procedure was repeated for each of the
various cervical orthoses tested. Photo-
graphs were taken in the same manner as
described above.

Axial Rotation Motion

Axial rotation was measured with the
platen and scale repositioned in the trans-
verse plane (Figure 5). The subject’s indi-
cator needle was also repositioned, which
allowed the needle to extend horizontally
from the anterior aspect of the head halter
and over the angular scale. The subjects
were instructed to rotate their necks clock-
wise and then counterclockwise. This pro-
cedure was repeated for all the cervical or-
thoses tested. A mirror was positioned at a
45 degree angle over the subject’s head to
facilitate photographing the angular scale.
Range of motion data were recorded in the
same fashion as with anterior/posterior
and lateral motion.

RESULTS

As indicated, all the observations were
recorded in a continuum of degrees. These
measurements described an arc which rep-
resented a total range of motion for that
subject, for each observed anatomical
plane. The cervical spine was measured as
a whole unit without consideration to the
angulations at each vertebral level. The

A,
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CERVICAL ORTHOSIS STUDY
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NecLok® Collar 51.30 (x17.7) 62.7%  37.07 (+07.0) 62.8%  43.57 (+ 9.1) 43.3%

MEAN (1 sd)
%R + % Restrained Motion

p = Values Sheffe

Orthoses 1-2 1-3 1-4 2-3 2-4 3-4
Axial Rot. 0.0020 0.5000 0.0000 0.0119 0.0000 0.0000
Ant./Post. N.S. 0.0000 0.0000 0.0000 0.0106

Lat. Flexion N.S. 0.0008 0.0000 N.S. 0.0001 0.0239
CODES: 1 = No Orthosis 2 = Soft Collar

3 = Philadelphia Collar 4 = Neclok® Collar
Table 1.
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data were summarized by means and stan-
dard deviations and compared using Anal-
ysis of Variance. The Scheffe’ test was used
to do the multiple paired comparison. The
CRISP Interactive Statistical Package was
used for the statistical procedures.®

Axial Rotation

Axial rotation in the transverse plane ex-
hibited the greatest difference among the
individual treatment modes. The normal
axial rotation measurement was 137.6
(£10.8) degrees, unrestrained (Table 1).
The Soft Foam collar restricted rotation to
115.7 (£13.9) degrees, resulting in a 15.92
percent restriction from normal. The
Philadelphia collar allowed 97.57 (+20.2)
degrees of axial rotation, which resulted in a
29.9 percent restriction. The NecLok® col-
lar allowed 51.3 (+17.6) degrees, which re-
sulted in a 62.7 percent restriction. This is
twice that of the Philadelphia collar. These
initial three measurements indicate a sig-
nificant difference from one another at
p <.05 (Table 1).

Anterior/Posterior Motion

The average unrestrained anterior/pos-
terior cervical spine motion computed to
99.53 (£15.7) degrees (Table 1). The Soft
Foam collar’s restrictive capability mea-
sured slightly less than normal with 89.70
(*15.6) degrees of total motion, a 9.88 per-
cent restriction. A sharp drop with the
Philadelphia collar was observed with
52.97 (£8.7) degrees, 46.78 percent of nor-
mal motion. The NecLock® had the greatest
ability to control allowing 37.07 (+7.0) de-
grees of motion, 62.76 percent of normal
motion. All three collars were statistically
and significantly different from one
another with p<.05 (Table 1). The Soft
Foam collar did not display a significant
difference from the “no treatment” mode.

Lateral Flexion

Lateral flexion measurements revealed
the least amount of difference among the
four modes of treatment (Table 1). The un-
restricted measurements had a mean arc of
76.83 (x12.8) degrees of motion. The Soft
Foam collar allowed 66 (+11.7) degrees, or

14.10 percent effective restriction from the
normal range. The Philadelphia collar al-
lowed slightly less at 57.27 (+14.6) degrees
of motion, a 25.50 percent restriction. The
NecLok® averaged 43.57 (£9.1) degrees of
total motion, a 43.30 percent restriction. In
this plane the Philadelphia and NecLok®
collars were significantly different from no
orthosis (p<.01) while the NecLok® was
significantly different from both the Soft
Foam and Philadelphia collar (p <.01).

DISCUSSION

The orthoses selected for this study are
three commonly used cervical orthoses.
This study verified other studies that have
found cervical collars are less effective in
controlling cervical spine motion than the
more sophisticated category of cervical
orthosis (e.g., SOMI,® Guilford two poster,
and halo vest apparatus). However the
prevalent application of cervical collars
does indicate their importance in treating
cases other than severe cervical spine in-
stability.

The Soft Foam collar demonstrated a
significant difference over no treatment at
all (Figure 6). However, it offered very lit-
tle immobilization of motion in the three
planes which were studied. This collar’s
major effectiveness is derived through its
kinesthetic reminder capabilities to with-
draw which are inherently present with
wear.

The Philadelphia collar offered sub-
stantially better immobilization than did
the Soft Foam collar (Figure 6). However,
its role in cervical spine immobilization is
still considered ineffective. Previous
studies have suggested its well accepted
tolerance levels rather than its efficacy
have gained this collar much popularity.
In this particular study, it became appar-
ent that good matching of proper collar
size with patient, and proper application
during donning, plays an important role
in motion restriction effectiveness. Axial
rotation immobilization was the most dif-
ficult motion to control. This was due to
the collar’s soft mandibular support,
which the subjects of this study could
overpower and occasionally extend and
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planes which were studied. This collar's
major effectiveness is derived through its
kinesthetic reminder capabilities to with-
draw which are inherently present with
wear.

The Philadelphia collar offered sub-
stantially better immobilization than did
the Soft Foam collar (Figure 6). However,
its role in cervical spine immobilization is
still considered ineffective. Previous
studies have suggested its well accepted
tolerance levels rather than its efficacy
have gained this collar much popularity.
In this particular study, it became appar-
ent that good matching of proper collar
size with patient, and proper application
during donning, plays an important role
in motion restriction effectiveness. Axial
rotation immobilization was the most dif-
ficult motion to control. This was due to
the collar’s soft mandibular support,
which the subjects of this study could
overpower and occasionally extend and
lift over the plastazote edge. The Philadel-
phia collar’s most effective control was ob-
served in the anterior and posterior mo-
tions, a corroboration of findings in pre-
vious studies. However, Johnson’s study®
indicated an overall greater motion control
for the Soft Foam and Philadelphia collars.
The reason for this difference is not clear.
The Philadelphia collar’s overall effective-
ness has also been attributed to its kines-
thetic properties. Its applications appear
to be contiguous with that of the Soft
Foam collar.

The NecLok® collar immobilized the
cervical spine substantially more than the
other two collars (Table 1). It proved to be
the superior collar for immobilization in
all three planes which were studied (Fig-
ure 6). All the subjects perceived the Nec-
Lock® to ‘““feel more restrictive”” than that
of the other two collars. They claimed that
it was less comfortable than the Philadel-
phia collar, yet it was not uncomfortable to
wear.

The NecLok® collar has become popular
among paramedics because of its advan-
tages over the other cervical collars in its
category. The NecLok's® attributes include
the following: immobilization charac-
teristics, superior ease of donning (may be

applied with patient in any position,
without log rolling), simple design, a cut-
out for tracheotomy, and it stores flat and
compact, minimizing storage problems. In
addition it is easy to clean, comes in three
prefabricated sizes, and the price is less
than that of the Philadelphia collar.1?

This study demonstrates the value of
objectively evaluating new collars (cervical
restraints) as they are made available to
the consumer to aid in the selection pro-
cess.
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Appendix A
Motion Restriction
No Orthosis Measured in Degrees Representing 100%
Cervical Collars in Percentage (%) From No Orthosis
Axial Rotation
Subject # 1 2 3 4 5 6 7 8 9 10
No Orth. 1423 1317 1267 1253 1540 133.3 129+% 156.7 1357 140.7
Soft 18.0% 23.0% 23.4% 52% 18.4% 92% 19.6% 9.4% 22.6% 10.4%
Phil. 21.0% 30.0% 63.7% 16.0% 31.6% 29.5% 27.5% 38.0% 19.0% 15.2%
NecLok®  60.0% 77.4% 83.2% 48.4% 64.3% 70.7% 64.5% 66.4% 43.5% 49.5
Anterior/Posterior
Subject # 1 2 3 4 5 - 7 8 9 10
NoOrth. 119.3 780 1107 810 1217 970 98.0 827 110.0  97.0
Soft 327% 0 17.2% 305% 154% O 03% 1.7% 57% 0
Phil, 56.2% 54.2% 61.8% 34.2% 50.5% 38.5% 48.3% 27.0% 48.8% 39.5%
NecLok®  68.4% 67.9% 73.5% 65.1% 68.0% 53.9% 55.4% 49.6% 61.2% 60.1%
Lateral Flexion
Subject # 1 2 3 4 5 6 7 8 9 10
NoOrth. 877 747 903 557 877 567 69.0 877 767 823
Soft 25.5% 0.5% 34.3% 102% 0  13.0% 7.2% 21.3% 12.2% 10.9%
Phil. 30.1% 2.3% 74.5% 19.2% 24.4% 6.5% 8.7% 23.3% 29.2% 19.4%
NecLok®  48.3% 29.5% 72.3% 26.4% 45.6% 658% 454% 51.8% 34.8% 31.1%

Figure 6.
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A Breath Activated Switching
Mechanism for the Electric Powered
Prehension Orthosis: Design and

Fabrication

Virgil W. Faulkner, C.P.O.
Donald M. Currie, M.D.
Debbie Keene, O.T.
Richard N. Friedman, Ph.D.

INTRODUCTION

A person with quadriplegia, paralysis of
all four limbs caused by lesions at high
levels of the spinal cord, has extremely
complex needs for rehabilitation care.
Quadriplegia has a devastating effect on a
person’s entire life. Even after successful
rehabilitation, the formerly independent
person intermittently requires the help of
an attendant for many activities of daily
living and activities required for gainful
employment or for attending school.

Because attendant care is the single
greatest cost of living, exceeding even
medical cost, for a person with quadriple-
gia,? any intervention that improves inde-
pendent function of a person with guadri-
plegia enough to reduce this need for at-
tendant care should be investigated.??3
Furthermore, if a device can allow a quad-
riplegic person to be gainfully employed,
the cost to the individual and to society
would be further reduced and the person
with quadriplegia could be much more
self-reliant.

Our early experience indicates that the
use of a Breath Activated Switching
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Mechanism (B.A.S.M.), rather than the
switching mechanisms that are now avail-
able, may improve the ability of quadri-
plegic persons to use the electric powered
prehension orthoses that are already avail-
able. Furthermore, the extent of this im-
provement may be significant enough to
reduce the need for attendant care and to
improve the outlook for gainful employ-
ment.

Certain types of adaptive aides have
been used to substitute for hand function.
Some quadriplegic persons have received
automated devices, such as environmental
control units® (ECU) that provide some
measure of independence in such activities
as the turning on and off of lights and ap-
pliances and answering the telephone
(Figure 1). While E.C.U.s provide much
assistance to the home bound quadriplegic
person, they cannot be moved from place
to place. The user requires attendant care
for most activities outside the home. Fur-
thermore, automated devices do not give
the user the personal satisfaction of using
the hand in a “normal way.”

Mouthsticks have been used to extend
the functional independence of those with
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Figure 1. Environmental control units (ECU) provide
some measurement of independence, such as the
turning on and off of lights and appliances and an-
swering the telephone.

the most severe paralysis of the upper ex-
tremities.* However, they do not permit
independence from an attendant and are
often poorly accepted by patients who have

enough upper extremity strength to move
their hands about.

Most people with quadriplegia retain
some use of the upper extremities. The per-
son with C-5 level quadriplegia (in this
paper, the level of lesion is named by the
lowest normally functioning spinal seg-
mental level), the most common level of
traumatic quadriplegia, is left with no
function in the wrist and hand complex,
but has preservation of flexion at the elbow
and some ability to elevate and move the
shoulder joint. This person can move the
hand to different positions in space; but
has no grasp-release function of the hand.
Some C-4 level quadriplegic persons have
enough strength of the shoulder girdle and
elbow to move the hand about; but, like the
C-5 quadriplegic person, they also have no
grasp-release function of the wrist or hand.
Many persons with C-6 level quadriplegia,
the next most common level, have insuffi-
cient wrist extension power to be able to
use a wrist driven finger prehension ortho-
sis® (Figure 2).

Most of the people will be fitted with a
static orthosis (Figure 3). A static orthosis,
when properly designed and fitted, will

Figure 2. The
wrist-driven fin-
ger prehension
orthosis.

Figure 3. A static orthosis.
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Figure 4. An electric powered prehension orthosis (EPPO) that provides a three-jaw type finger prehension.

allow the user to do some activities of daily
living (ADL).

However, it is impossible for the user to
accomplish many of these tasks, or to
switch from one activity to another, with-
out the assistance of another person.

If prehension and release could be pro-
vided to a quadriplegic person who is able
to move his or her hand to different posi-
tions in space, most of the functional tasks
needed for employment at a desk job, per-
forming school work, activities of "daily
living, and participating in social activities
could be accomplished without any need
for an attendant. A few people have been
fitted with an electric 1powered prehension
orthosis (E.P.P.O.)” that provides a
“three-jaw-chuck” type finger prehension
(Figure 4). The E.P.P.O. has been perhaps
the most promising development to im-
prove function for quadriplegic persons
who are appropriate candidates. However,
the usefulness of the E.P.P.O.has been
limited by the awkwardness of the
switching méchanisms normally supplied
with these orthoses. These mechanisms are
normally pull or butterfly-type switches
that are operated by movements of the
shoulders or the contralateral limb, re-
spectively (Figure 5).

Many users cannot achieve a good func-
tional result with an E.P.P.O. because these
switches do not allow them to fully con-
centrate on the task at hand. The major
problems associated with these switching
mechanisms are due to the users’ impaired
sensation, as well as their limited and

LY

Figure 5. A butterfly switch operated by movements
of the shoulders or the contralateral limb, respec-
tively.

poorly controlled movements. The butter-
fly switch can be especially difficult to use
when visual input is the only available po-
sition sense. The user must constantly shift
his/her attention from the task at hand to
the operation of the switch by the other
arm (assuming a functional contralateral
limb).¢ The pull-type switch requires the
user to have very finely coordinated
movement because the three modes—
open, close, and off—are in close se-
quence. Lack of fine control or maladjust-
ment may cause the orthosis to react im-
properly.

Many attempts have been made to solve
such switching problems, because these
problems can make the simplest task frus-
trating, unnecessarily fatiguing, or impos-
sible. A switching problem can make the
difference between acceptance and rejec-
tion of an otherwise functional orthosis.
For example, as far back as the early 1950’s,
surface E.M.G. electrodes have been used
to operate switches on orthoses and pros-
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Figure 6. A schematic diagram for an interface control for a “breath activated switching mechanism” using two
Fairchild Ultralow differential pressure sensors, Basic Model PSF 100 A, manufactured by Dumont.

theses.1 However, because of problems in
locating appropriate placement sites and
problems with attaching the electrodes,
this means of operation has achieved only
limited success in practical clinical set-
tings.

The Rehab Engineering Institute
(R.E.L.) at The University of Texas Health
Science Center at San Antonio (U.T.H.
S.C.S.A)) became interested in anoth-
er approach to the switching problem
for externally powered upper extremity
prostheses while conducting an evaluation
procedure for a male quadriplegic patient.
His neurologic level for motor and sensory
function was C-5 spared on the right and
C-4 on the left. The person had been fitted
previously with an E.P.P.O. However, he
was not able to operate the butterfly switch
and consequently was not using his ortho-
sis. One cz the team members suggested
that a “sip and puff” switching mechanism
might be a way for this person to effectively
use his orthosis. This system proved to be
so clearly superior to other switching
mechanisms that it has now become a
standard part of all E.P.P.O.s fabricated in
our center.

Figure 8. (right) The switch senses as little as .002 PSI

of air pressure.

DESIGN AND
DEVELOPMENT OF THE
BREATH ACTIVATED
SWITCHING MECHANISM
(B.A.S.M.)

After consulting rehabilitation en-
gineers and trying out several designs, a
schematic diagram for an interface control
was drawn up for a “breath activated
switching mechanism” using two Fair-
child Ultralow differential pressure sen-
sors, Basic Model PSF 100A, manufactured
by Dumont (Figure 7). This switch senses
as little as .002 PSI of air pressure (Figure 8).
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HERE'S HOW THE PSF100A WORKS . . .

NO PRESSURE

PRESSURE ACTUATED

Flexible contact arm

UL Recognized tor Use as
Apphance Contiol

With no differential pressure
applied, the diaphragms do not
exert a force on the moveable
contacts (see Diagram 1). An
external force may cause one
contact to close, however, the
other contact moves in paraliel
and remains open (see Diagram
2). There is still no circuit
closure. With pressure applied
{see Diagram 3), air enters at the
high pressure inlet port and is
routed directly to Cavity A and
through the manifold (C) to
Cavity B. The applied pressure
actuates the diaphragms inward,
deflects the fiexible contacts,
and completes the circuit.

Passage 'C' Fined Terminals

\

3) Diaphragm Cawity B Cawity D

The following information is taken by
permission from Dumont’s printed form
#PSF 782/37371PO.

SPECIFICATION:
Mechanical

Switch Type—SPST, Normally Open,
Double Break

Switching Medium—Air

Actuation Pressure—Refer to table of
standard actuation ranges for PSF
100A models

Proof Pressure—PSF 100A 100A-1.5, PSF
100A-3 8 PSIG, “C” Series 15 PSIG

Mechanical Life—More than 10 million
cycles

Weight—Less than 10 grams

Shock and Vibration— At zero or above
actuation pressure, will not make or
break at 50G’s shock. Will not make or
break at 10G’s shock, 50 to 2000 Hz
vibration.

Physical
Mounting—Eyeletted for No. 2 screws
Case Material—Polycarbonate

Contact Materials—Gold inlay on
phospher bronze

Electrical Connections—Terminals—?3/16"
male tab-type, for use with 316" female
quick disconnects (ref. AMP 60972 2LP
or equivalent)

Pressure Ports—Two 316" diameter
barbed ports for use with %/32" ID
tubing. Suggested materials: Silicone,
Neoprene, Polyurethane

Electrical

Current Rating—10 MA, resistive, DC

norminal

Operating Voltage—AC/DC 30V or less

with resistive load, 120 VAC neon
lamp load (Use with SRF 100B Solid
State Relay for higher loads).

A prototype B.A.S.M. was fabricated
using two (2) PSF 100A sensors, one (1)
RCA integrated circuit #SK-9094-2014
Darlington Array, CMOS/POMS interface,
and two (2) Archer’s subminiature PC re-
lays #275-243. These were attached to a
basic integrated circuit board (Figure 10).

*Schematic by Calvin P. Franke, Engineering Technician HI,
Department of Physiology, The University of Texas Health
Science Center at San Antonio.
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Figure 10. A prototype B.A.5.M. attached to a basic
integrated circuit board.

The B.AS.M. was connected to the
E.P.P.O. and fitted for use. The only
problem with this B.A.S.M. was occa-
sional failure of the hand wired integrated
circuit boards due to faulty soldering
techniques. The wired circuit board has
been replaced with a custom printed
board, which is now in use in nine
E.P.P.O.s. No failures have occurred since
the printed circuit boards were introduced
(Figure 11).

Figure 11. A custom printed board is now in use. No
failures have occurred.

FABRICATION OF THE
BREATH ACTIVATED
SWITCHING MECHANISM

This section consists of detailed in-
structions for fabrication of a breath acti-
vated switching mechanism.

A) Attach the two (2) PSF 100A sensors,
one (1) RCA integrated circuit #5K-9094-
2014, and two (2) Archer subminiature re-
lays #275-243 to the printed circuit
board** as shown in Figure 12.

B) After the components are attached to
the circuit board, the following parts are

Figure 12.

** Available on request from UTHSCSA for $50.
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used to adapt the B.A.S.M. to the
EPPO.:

1. Two pieces 5/32" transparent plastic
tubing 5cm. long.

2. One piece 532" transparent plastic
tubing 90cm. long.

3. One piece “T"” connector 5/32".

{Note: The above items are available at
many pet stores.)

4. One piece 5cm. wide cotton web-

bing about 30cm. long,.

5. One piece 5cm. wide hook and ad-
hesive-backed loop Velcro® about
5cm. long.

6. One piece 12" adhesive-backed loop
Velcro® 5cm. long.

7. One piece 12" adhesive-backed
hook Velcro® 5cm. long.

{(Note: The above items are available at
PEL Supply Company, 4666 Manufactur-
ing Road, Cleveland, Ohio 44135.)

8. One set E.P.P.O. connector wires,

9. Battery pack for E.P.P.O.

{Note: The above items are available
from Orthotic Systems, Inc., P.O. Box
20262, Houston, Texas 77025.)

10. One plastic pipette tip (available
through many surgical supply
houses).

11. Experimenter Box, CAT #270-232
(available at many Radio Shack
stores).

12. Two #s0 machine screws 1" long
with nuts attached.

The assembly of the B.A.5.M./E.P.P.O.
is shown in Dlustrations A-M. Item num-
bers in instructions refer to items in the
above list.

The B.A.S.M. can easily be adapted for
use with any externally powered orthosis
or prosthesis that operates on a 6-volt
system. It can be adapted to operate a 12-
volt system by substituting 12-volt relays
and integrated circuits.

PRECAUTIONS

A few precautions must be taken by
users of the B.A.5.M. The B.A.5.M. will
not operate properly if the pressure intro-
duced through the air hose to the sensors
is not expelled. Expelling the air volume is
easily accomplished by:

Figure 12-A. Attach Items #1, 2, 3 to pressure sensors.

Fgure 12-B. Attach Item #8 (battery and orthosis con-
nector wires) to printed circuit board.

1. Removing the tube from the mouth;

or

2. Removing the tube from the “T”

connector.

Care must be taken to eliminate saliva
and food particles from the tube to prevent
its interferring with open parts of the sen-
sors which must not be blocked. Special
attention must be given to this precaution
when the B.AS.M./E.P.P.O. is used for
eating activities. Simple, common sense
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Figure 12-C. Using Items #4 and #5, make arm band.

practices such as swallowing drinks, food,
or saliva prior to activation of the switch
should protect the switch and should not
interfere with activities.

RESULTS

Although formalized clinical evaluation
using an evaluation protocol which we
have developed is still underway, informal
observations reveal a clear superiority of
the B.A.S.M. over other switching me-
chanisms we have tried for the E.P.P.O.
The B.A.S.M.JE.P.P.O., by offering the
patient some direct use of his hands,

Figure 12-D. Take Item #6 and place on E.P.P.O. as shown above.

Figure 12-F. Take Item #7
and wrap around the trans-
parent tube (Item #2) where
it joins the tip.
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Figure 12-G. Place Item #9 in Item #11, mark location
of battery charger plug and battery connector wire

plug.

Figure 12-H. Use a %” H.S. drill to drill a hole for
plugs.

BATTERY

Figure 12-1. Attach Item #9 to Item #11 by drilling a
/" hole as shown and inserting item #12.

Figure 12-]. Place the B.A.5.M. into Item #11, locate
the position for the %:2” transparent tube, mark and
drill with a %:2” H.S. drill.

Figure 12-K. Replace the bottom to Item #11, attach
the arm band to the transparent tube and orthosis
wire connector as shown.
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Figure 12-L. The assembled B.A.S.M./E.P.P.O.

seems to encourage the patient’s partici-
pation in strengthening functions (e.g.,
shoulder and elbow movement) that have
been spared.

The B.A.S.M. is much easier for patients
to learn to use than are the other switching
mechanisms. Although rehabilitative
training is still important to assure opti-
mal function and acceptance,®® most of
our patients have been able to operate the
orthosis without difficulty after only one
training session. The ease of use seems to
encourage patients to try new tasks on
their own with their new orthosis, for
example, eating fragile finger foods such
as potato chips or sandwiches.

One of the primary objectives has been
to reduce the need for attendant care. It
remains to be formally determined
whether this objective can be achieved to
a sufficient extent that it will improve the
patient’s abilities to attend school or en-
gage in gainful employment. However,
our patients agree that their need to re-
quest help from others has been reduced.

CONCLUSIONS

A B.A.5.M. can be simply and econom-
ically adapted for use with the E.P.P.O. to
provide quadriplegic persons with easily
controlled finger prehension. Operation of
the B.A.S.M. does not require the muscle
effort, proprioception, use of contralateral
limbs or extensive training that are neces-
sary for the use of other switching systems
available for E.P.P.O. use. Therefore, the
B.A.S.M. should be a useful tool to pro-
vide early restoration of independent
function to certain quadriplegic persons.
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An Adjustable Writing Device for
Use with a Definitive Wrist Hand

Orthosis

Glenn E. Hedman, B.S.B.E., M.E.M..E.
Audrey M. Yasukawa, M.O.T., O.T.R./L.

INTRODUCTION

Writing independently is a valuable and
intrinsically rewarding skill which may be
necessary to improve a patient’s potential
for returning to school or employment. A
patient with a spinal cord injury may dis-
play total or partial loss of function de-
pending on the level of injury to the cord.
Hefshe may lack the strength and fine
manipulation skills required for doing
tabletop activities such as writing, which is
crucial in a vocational, avocational, or
school setting.

To promote function for desk skills, a
patient may use an orthotic device. Various
definitive wristhand orthoses are available
to provide, augment, or substitute for
grasp. Many have either a spring loop to
hold a pen near the metacarpophalangel
joint or a slot in which a writing device can
be inserted and a pen attached with a
thumb screw. There are also many com-
mercially available writing devices or spe-
cially adapted devices that may be fabri-
cated by an occupational therapist.

Many of the writing devices available
have the disadvantage of having a perma-
nent angle to the pen holder, and the need
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for assistance of another individual to
change the writing tips for the user. For
this purpose, an adjustable writing device
has been designed to facilitate indepen-
dence in changing a variety of tips (e.g.
pen, pencil, eraser, crayon, etc.). In addi-
tion, the angle of the writing device can be
adjusted with an allen wrench.

Some of the components needed for the
adjustable writing device can be purchased
commercially as a kit. This set-up is similar
to the modular mouthstick system which
was developed by the Northwestern Uni-
versity Rehabilitation Engineering Pro-
gram and Rehabilitation Institute of Chi-
cago Occupational Therapy department.?
The commercially available kit includes: an
arrowshaft with a distal round head screw;
four appliance holders; an allen wrench;
and an aluminum bracket attached to an
adjustable camera clamp.

FABRICATION

The materials needed to fabricate the
adjustable writing orthosis are as follows:
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(1) control rod end

3" —24 male thread
3" inside diameter

(1) ¥%"—24 hex nut

(1) standard orthoses tab

(3) 8-32 x 18" set screws

(1) modular mouthstick kit

Loctite RC/609

Fabrication of the adjustable writing
orthoses requires only tools normally found
in an orthotics laboratory.

In order to be able to lock the angle of
the writing orthosis, two set screws
need to be installed in the control rod
end. Two holes, located 90° with re-
spect to one another, are drilled and
tapped for an 8-32 thread (Figure 1).
The raceway of the control rod end
needs to be repositioned during the
drilling and threading procedure to
allow access.

The thread length of the control rod
end is cut from 1%" to 8" (Figure 2).
This will lighten the device, yet still
enable it to attach to the orthosis tab’s
hex nut. The remaining threaded
shank is then bored longitudinally
using a #1 drill to further decrease the
weight.

A ¥"—24 hex nut is brazed at the end
of a standard orthosis tab (Figure 3).
This component forms the interface
between the orthosis and the control
rod end.

The remaining portion of the control
rod end’s ¥"—24 threaded shaft is in-
serted into the %"—24 hex nut and
fixed in position parallel to the ortho-
sis tab by Loctite RC/609 fastener (Fig-
ure 3).

An appliance tip and fiberglass arrow-
shaft from the modular mouthstick kit
are now used to give the system its
interchangeability. An appliance tip is
cut along its central groove at the in-
side edge of the collar containing the
set screw (Figure 4). The shortened
appliance tip is pressed into the race-
way of the control rod end with the
collar positioned above.

Figure 3. Control rod end, hex nut, and orthosis tab.
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Figure 4. A trimmed appliance tip.

Figure 5. Adjustable writing device ready for inser-
tion into slot of a definitive wrist hand orthosis.

A 3" length of fiberglass arrowshaft
is cut from the end containing the
round head machine screw and lock-
ing O-ring. The arrowshaft is inserted
into the shortened appliance tip’s end.
The position of the arrowshaft should
be locked using the appliance tip’s
existing 4-40 x 14" set screw. The as-
sembly is now ready to accept other
tips from the modular mouthstick
system (Figure 5). The weight of the
device is approximately two ounces.

® The other appliance tips from the
modular mouthstick kit should now
be set with the desired instruments
(e.g. pencil, pen, eraser end, paint
brush, etc.). In all cases, the instru-
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Figure 6. Completed kit stand mounted on work sta-
tion.

ment’s overall length needs to be cut
down to approximately 2%4". In some
cases, the portion of the instrument’s
diameter which is to be inserted into
the appliance tip will need to be re-
duced. The appliance tips are then
ready to be positioned in the kit's
stand. The stand can be mounted to
the patient’'s wheelchair or work sta-
tion and holds the tips when not in use
(Figure 6).

® Once the system is set up, the opti-
mum angle of use can be easily found
and secured by using the 8-32 x V"
set screws (Figure 7).

SUMMARY

Through the use of this writing device
and set-up, the therapist is able to evaluate
and modify the angle of the writing device
with the patient. This will eliminate the
need for an involved initial angle determi-
nation or subsequent modifications by the
orthotist. The patient may also prefer a
different angle for different activities. In
addition, the patient may choose, accord-
ing to his needs, the various tips necessary
to perform functional tasks. By providing
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Figure 7. Completed components of adjustable writ-
ing device.

this device and set-up, the patient can in-
dependently change his tips for painting,
writing, operating a typewriter, telephone,
calculator, etc. For a school age child, the
importance of coloring and changing dif-
ferent crayons is a vital and important de-
velopmental process.

With creative problem solving by both
the therapist and patient, the set-up may
have potential for use with other diagno-
ses, such as muscular dystrophy and ar-
throgryposis, or as a temporary device for
patients awaiting a definitive prosthesis.
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The Flexible Socket System as
Applied to the Hip Disarticulation

Amputee

Michael Madden

INTRODUCTION

It has long been recognized that the great-
est rate of prosthesis rejection among lower
limb amputees occurs at the hip disarticu-
lation and hemipelvectomy levels. Pa-
tients will often regress to alternate forms
of ambulation rather than struggle with
uncomfortable and cumbersome prosthetic
devices. A poor fit, improper choice of
components, or the misapplication (align-
ment) of components, can lead to inade-
quate function of the prosthesis. This will
often lead to an inability to achieve accept-
able levels of activity in daily living.

The first major concern in fitting the hip
disarticulation amputee is comfort. The
hip disarticulation amputee bears weight
on the gluteal musculature, as well as the
ischial tuberosity, in both the active and
passive stages of prosthetic wear. The en-
tire pelvis is generally encompassed within
the prosthesis, meaning that the surface
areas involved are far greater than those
with any other level of amputation. Ac-
commodation must also be made for the
symphasis pubis, illiac spines, as well as
the spinal vertebrae and any residual head
or neck of the femur involved. Scar tissue
and other sensitive areas must also be con-
sidered in socket design.

The next four areas of concern are inter-
related, and can be considered simultane-
ously. These are alignment, expenditure of
energy, weight, and mobility. It is gener-
ally accepted that improper alignment and
excessive prosthesis weight may cause a
greater expenditure of energy, resulting in
decreased mobility. These circumstances
can make the difference between accep-
tance or rejection of a prosthesis. The ap-
plication of the flexible socket principle to
this level of amputation can increase the
overall comfort, as well as reduce the
weight of the prosthesis considerably.

CASTING AND
MODIFICATION

Using a casting platform with a firm %"
Pelite® base, set the patient’s height and
angulation to achieve a comfortable bal-
ance between the ischium, gluteal muscu-
lature and the non-amputated foot. The
Pelite® will allow a prominent ischial tu-
berosity to be better defined in the cast.

Run the plaster bandage around the pa-
tient’s waist from just superior to the lower
aspect of the rib cage, to just below the iliac
crest. Using a length of plaster bandage
formed into a rope, wrap it around the pel-
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vis, over the iliac crests, pulling it firmly
horizontal past the iliac spines, being
careful not to create excessive lordosis in
the lower back. The roping will help to
prevent rotation of the residual limb, serve
as a guide in donning the prosthesis, and
also greatly reduce pistoning during am-
bulation. Secure the rope with additional
wraps, and complete the negative impres-
sion with minimal weight bearing through
the residual limb.

Using two blocks with a 45° angula-
tion, position one in the anterior and one
in the posterior at the distal aspect of the
residual limb. Place the posterior block
parallel to the body’s axis, while slightly
rotating the anterior block externally. (The
external rotation of the anterior block re-
duces pressure on the pubis.) If the head or
neck of the femur is present, reduce the
rotation to parallel of the body’s axis. Use
enough force to create a wedge affect, dis-
placing fleshy tissue laterally, while keep-
ing the ischial tuberosity in firm contact
with the casting platform. This will help to
distribute body weight, transferring it an-
tero-posteriorly, thereby reducing the con-
stant pressure present on the ischium. It
will also help to increase the patient’s con-
trol of the prosthesis.

The amount of modification to the posi-
tive model should now be reduced. A
slight reduction of the antero-proximal
area of the abdomen as well as the gluteal
muscles is necessary. This will provide a
slight pressure to these areas.! Since the
motion of the prosthesis is activated by
pelvic and trunk motion, tilting the pelvis
slightly posterior provides greater antero-
posterior control of the prosthesis. Relieve
the pubis, iliac spines, as well as the area
superior to the roping channel and the
lower aspect of the rib cage. This will pre-
vent excessive pressure from the proximal
brim of the socket.

FABRICATION

The first step in socket fabrication is the
vacuum forming of the flexible inner shell.
The material best suited for this purpose is
Surlyn.® Because of its co-polymer proper-
ties, it resists shrinking better than low
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Figure 1. The flexible inner shell. Low density poly-
ethylene or Surlyn® can be used.

density polyethylene, which could also be
applied.

After the “inner shell” is formed and al-
lowed to cool, trim it laterally to both the
anterior and posterior midlines. The ex-
tended anterior section will act as a tongue.
The posterior section will provide a flexible
lumbar support, thus allowing the medial
posterior trim line to be lowered on the
frame. By trimming the flexible ““inner
shell” to just past the midpoint of the
model, the adverse effects of any of the
plastic’s shrinking properties will be
minimized. It will also eliminate any sep-
arations which occur between the “inner
shell” and the outer frame on the contra-
lateral side due to the differing flex rates of
the materials. Lastly, it will help to reduce
the overall circumference of the socket.

Over the inner shell, laminate a one-half
rigid, one-half flexible outer frame. The use
of acrylic is highly recommended because
of its superior “marriage’” characteristics
and its resistance to delamination, a prop-
erty common with polyester resins.

The layup should consist of three layers
of perlon stockinette, to create the inner
surface. Over this, place a “‘half shell” of
two layers of fiberglass stockinette, ex-
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Figure 2. The
flexible inner shell
mounted in the
outer frame of an
endoskeletal set up.
A pelite liner was
used, but did not
cover the flexible
window, so as not to
reduce heat trans-
ference.

tending from the anterior midline, to lat-
eral to the posterior midline on the contra-
lateral side. Pull two layers of perlon
stockinette over this. Place the hip joint
attachment plate in position with fiber-
glass matting and pull over this two more
layers of perlon. Place two more fiberglass
“half shells” as before and follow this with
three more layers of perlon.

If extra strength is required, additional
layers of fiberglass and perlon can be
added in the layup. The use of one inch
carbon fiber tape can also be added if ex-
treme strength and rigidity are desired.

Laminate over the positive model so that
the outer frameworks gradually form a
rigid frame on the ipsilateral side to a flex-
ible lamination on the contralateral side.

After the lamination has cured, remove the
outer frame, being careful not to damage
the “inner shell.”

Trim the proximal brim of the frame, just
inferior to the lower aspect of the costal
margin. Lower the trimline at both the an-
terior and posterior midlines to allow
greater movement in bending and sitting.
To create the ““flexible window,” trim the
frame only from the lateral most aspect of
the pubis on the ipsilateral side, to just
lateral to the anterior iliac spine on the
same side. Extend the “window” from just
inferior to the iliac spines, to just superior
to the ischium.

Attach the inner shell to the outer frame,
and align and finish the prosthesis with the
conventional methods applied to modular
prosthetics.

SUMMARY

It has been observed that the comfort of
the prosthesis and the application of a total
contact socket with suprailiac crest suspen-
sion gives the patient a sense of the pros-
thesis being considerably lighter than the
conventional Canadian style prostheses.
This, along with the weight reduction
achieved with the flexible socket, in-
creased the overall performance of the
prosthesis. With the addition of Titanium
components, which are now available, it
will be possible to reduce the weight even
further.
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To John Neilson, C.P., who for the first 15 years of my
rehabilitation saw to it that despite everything, | was pro-
vided with the best care possible.

Special thanks also to all the people at Otto Bock Inc. (espe-
cially Lawrence Mott), 1.P.O.S., and Durr Fillauer, for all of
their technical assistance and direction in developing this
technique.

AUTHOR

Michael Madden has been a hip disarticulation amputee for
20 years. He is a graduate of the 916 Area Vo-tech program and
is in the prosthetics program of the N.Y. State Dept. of Labors
Apprenticeship program. He is presently head of prosthetic
fabrication—under the supervision of Timothy Lacy, CP—at
LaTorre Orthopedic Lab of Schenectady, New York. He is
working on his baccalaureate degree as well as certification in
prosthetics.



The Flexible Socket System as Applied to the Hip Disarticulation Amputee 47

BIBLIOGRAPHY

Lower Limb Prosthetics, New York University Post Graduate
Medical School, January 1977, pp. 23-25, 243-253.

Ossur Kristinsson, “Flexible Above Knee Socket Made from
Low Density Polyethylene Suspended by a Weight
Transmitting Frame,” Orthotics and Prosthetics, Volume
37, Number 2.

Tony van der Waarde, C.P.(C), F.C.B.C., “Ottawa Experience
with Hip Disarticulation Prosthesis,” Orthotics and
Prosthetics, Volume 38, Number 1, Spring 1984, pp.
29-35.

Otto Bock Industries Inc.

Titanium Endo-Skeletal Components;
Technical information Bulletin #20;
Technical Information Bulletin #21.

L.P.O.5. Flexible Socket Bulletin, *’A revolutionary technique
in fitting amputees.”

Fabrication Procedures for the 1.5.N.Y. Flexible Socket, Pros-
thetics and Orthotics, N.Y.U. Post Graduate Medical
School, January, 1984.

Conversations with prosthetist, therapist, and patients, and
personal experience.

REFERENCES

ILower Limb Prosthetics, N.Y.U. Post Graduate Medical
School, January, 1977, pp. 243-253.




Orthotics and Prosthetics, Vol. 39, No. 4, pp. 48-54.
©1986 The American Orthotic and Prosthetic Association. All rights reserved.

TECHNICAL NOTE:

The “Overlap” Bisectional Forming
Technique in Orthotics

David C. Showers, C.P.O.

INTRODUCTION

For over 10 years, vacuum forming sheet
plastics has been an accepted routine fab-
ricating process, especially in orthotics.
Originally, vacuum forming sheet plastic
was accomplished by placing the plastic
between metal holding frames and then
pulling the hot sheet of plastic over the
modified positive plaster model.

Although this forming process is still
used by many practitioners and techni-
cians in prosthetics, drape vacuum form-
ing has become the more popular tech-
nique used in orthotics today.

The advantages to drape molding vs. the
frame molding method are:

1. The orthotist is not restricted to the
certain size of mold which must fit
within a metal frame.

2. Maintaining uniform thickness in the
plastic during the forming process is
enhanced.

3. There is minimal chance for error
once the process is mastered.

These are just a few of the advantages to
this simple forming process. However,
limitations may still exist in many facili-
ties; not from the drape molding process
itself, but from the lack of an adequate size
oven. This article will discuss an alternate

way of vacuum forming sheet plastics util-
izing the drape molding method for those
facilities which do not have an oven large
enough to house the size of plastic sheet
needed to cover an adult size knee-ankle-
foot-plaster positive mold.

STEPS IN THE FORMING
PROCESS*

® Measure the proximal and distal sec-
tions of the positive plaster mold to deter-
mine the appropriate sizes of the plastic
sheets (mark %2” superior and 2" inferior
from the knee center) (Figure 1).

® Cut plastic to the size required and
place these sheets on separate shelves in
the oven. Note: A multi-shelf oven is
necessary for this technique (Figure 2).

® When the plastic has reached its
molding state, remove the distal section
first. Place the hot plastic sheet over the
plaster positive mold by draping, as is
commonly done in forming for an ankle-
foot orthosis (Figures 3 and 4).

® Quickly remove the second (proximal)

*At least two experienced staff are required for successful
completion of this technique. Familiarity with the standard
drape molding technique is recommended.
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section and place this sheet on the proximal
end of the positive mold and “overlap” the
distal section by approximately one inch
(Figure 5 and Figure 2}.

® Working swiftly, seal the plastic
around the model as if it were one complete
section and evacuate the air as is commonly
done in the vacuum forming process (Fig-
ure 6).

® Trim excess plastic and allow vacuum
machine to run until the plastic has ade-
quately cured (Figure 7).

® Remove the overlap section of plastic
around the knee (Figures 8A, 8B, and 8C).

® The model is now ready for attach-
ment of the knee joints to the thigh and calf
sections (Figures 9A and 9B).

ADVANTAGES

e The orthotist has greater control dur-
ing the forming process with two smaller
sheets of plastic rather than one large sheet.

'ﬂx\

e Different types of plastic may be used
for each section, i.e. a polypropylene distal
section with a polyethylene proximal sec-
tion.

e Different thicknesses of plastic may be
used simultaneously during the forming
process.

¢ Negative models do not have to be cut
in sections.

® Saves time in fabrication, and the
practitioner maintains control of the entire
process.

DISADVANTAGES

® Process requires more technical staff
during the forming,.

® An oven with more than one shelf is
needed.

® Greater skill is required due to the
limited working time during the forming,
since the distal section is placed on the
positive mold approximately 20 seconds
before the proximal section.

Figure 1. Marks on the
positive model elimi-
nate guessing the loca-
tion of the overlap area
during the forming
process.

Figure 2. Two staff
members place the
distal section on the
— positive model to in-
sure accuracy.




50 David C. Showers, C.P.O.

LEG CIRC.
LEG & FOOT "
LENGTH ?
v
N
| THIGH
< LENGTA™
THIGH
CIRC.

Illustration A. The procedure for overlap is shown.
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Figure 3. While one
staff member seals the
hot plastic, the other
individual removes the
proximal section from
the oven.

| Figure 4. When the proximal section is removed from Figure 5. Continue to check for areas not sealed.
the oven both staff members work together and place
the proximal section on the positive model with the

full length going around the thigh.

Figure 6. Forming is
complete.
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Figure 7-A. Overlap area is located superior to the
knee axis.

Figure 7-C. The knee ankle foot orthosis form with
overlap removed from the distal thigh. Increased sur-
face area is maintained at the medial tibial area for
support of the genu valgus deformity for a patient
afflicted with arthritis.

Figure 7-B. Form of knee ankle foot orthosis for a
patient with genu valgum.
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Figure 8-A. Anterior view
of the knee ankle foot or-
thosis showing medial
knee joint only.

Figure 8-B. Medial view
of the knee ankle foot
orthosis with knee joint
in proper alignment in
antero-posterior plane
for a patient with para-
paresis.

Figure 9. A left knee ankle foot orthosis formed for a patient with an unstable femoral fracture and a hemiparesis
due to a right cerebral vascular accident.
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CONCLUSION

The Orthotics-Prosthetics division of the
Physical Medicine and Rehabilitation De-
partment at the Hospital of the University
of Pennsylvania has utilized this fabrica-
tion process for its knee-ankle-foot ortho-
sis projects for more than four years. There
have been minimal failures since the im-
plementation of this technique. Successful
forming has routinely been accomplished
on such projects as forming over single and
double bar knee joints, over single and
double mechanical articulated ankle joints,
over carbon fiber composite inserts (See
Figure 10), and over other reinforcements
such as requested by the practitioner. It is
recommended by the author that the single
section forming process be the practition-

ers’ first choice. But for those facilities
which meet the criteria previously men-
tioned, the “Overlap” bisectional forming
technique is offered as an extension to an
already accepted vacuum forming process.
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Medical and Surgical Management of
Geriatric Amputees, James M. Malone,
M.D. and Joseph M. Leal, CP, University of
Arizona/Tucson VA Medical Center, South
6th Avenue, Tucson, AZ 85763.

Our presentation will be based upon the
performance of approximately 600 lower
extremity amputations over the past seven
years. Two-thirds of our patients are over
65 years of age, and approximately 20 per-
cent have diabetes mellitus. We will focus
on primarily three areas of interest: current
criteria for amputation level selection;
postoperative patient rehabilitation; and
evaluation and management of coexistent
medical and vascular diseases. Criteria to
be presented for amputation level selection
include the use of intradermal Xenon-133,
transcutaneous oxygen and carbon diox-
ide, doppler ankle pressures, IV fluores-
cein dye, and the photoplethysmograph.
Discussion on postoperative management
after lower extremity amputation will focus
on early and rapid immediate prosthetic
fitting with early physical rehabilitation.
The diagnosis and management of ancil-
lary medical problems and vascular disease
during the preoperative and postoperative
period will be discussed in detail. For the
non-diabetic geriatric amputee, life ex-
pectancy approximates normal and there is
no reason not to aggressively rehabilitate
such patients. Although the diabetic
geriatric amputee has a limited life expec-
tancy, usually due to cardiac disease, re-
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habilitation and independent ambulation
is still a reasonable approach for the man-
agement of these patients.

Prosthetic Management of the Geriatric
Amputee, Joseph M. Leal, C.P., University
of Arizona/Tucson VA Medical Center,
South 6th Avenue, Tucson, AZ 85723,

No abstract available.

Above Knee Prosthetics for Geriatrics,
Joseph H. Zettl, C.P., c/o American Artifi-
cial Limb Company, Inc., 1400 East Pike
Street, Seattle, WA 98122.

Postsurgical management, fitting prin-
ciples, socket designs and modifications as
applied clinically for geriatrics are re-
viewed and discussed. Applicable auxil-
liary suspension systems and optimum
component selection are also detailed for
this group of patients.

Total Management of Geriatric Patients in
Prosthetics, Charles F. Schultz, C.P., Acme
Laboratories, Inc., 10702 West Burleigh
Street, Milwaukee, WI 53222.

Treatment of the amputee from the time
of the surgical amputation through final fit
of the definitive prosthesis. Treatment in-
cludes, but is not limited to, IPSF applica-
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tion, rigid dressings, intermediate pros-
thesis application, stump shrinkers, elastic
bandaging, check socket application, and
final fit. Included is discussion regarding
determination of the course of treatment to
follow in particular cases.

Myoelectric Prostheses Versus Body Pow-
ered Prostheses with Unilateral, Con-
genital, Adolescent Below Elbow Am-
putees, Shirley A. Weaver, B.S., L.O.T.R.,
and Lawrence R. Lange, B.A., C.P.O., clo
Shriners Hospital for Crippled Children,
8400 Roosevelt Blvd., Philadelphia, PA
19152,

The purpose of this research was to study
the feasibility of fitting adolescent, con-
genital, unilateral below elbow amputees
with respect to fit, function, cosmesis, and
cost efficacy. All patients studied were
originally fit with body-powered, harness
suspended prostheses, though two of
the 10 patients studied had discontinued
prosthesis usage prior to this project. All
patients were given exams relating to
function both prior to and after myoelectric
fitting. In addition, detailed prosthetic
histories were taken. At the end of the
study, evaluations were made based on
subjective and objective criteria related to
fit, function, maintenance, and cosmesis.

Biomechanical Evaluations of the ISNY
Flexible Above Knee Socket, Jiro Kawam-
ura, M.D., Department of Rehabilitation,
Osaka Rosai Hospital, 1179-3, Nagasone,
Sakai, Osaka, Japan and Ichiro Kawamura,
M.A., Kawamura Orthopedic Appliance
Company, Ltd., 1-18-18, Renjinbashi, Ki-
taku, Osaka, Japan.

Over 50 prostheses incorporating the
ISNY flexible above knee sockets have
been fabricated in our facility. The subjec-
tive patient’s evaluations for the sockets
apparently seem to be very good. Using
some biomechanical ways, we have eval-
uated the socket regarding the shape and
the inner pressure at every phase of walk-
ing for three patients. We have found out

that the socket shape has been changed to
strictly correspond to the muscle activity
which is predominate in each walking
phase. The inner pressures between the
residual limb and the socket walls have
been measured for the ISNY socket and
conventional hard socket using some inner
pressure sensors, and the result shows the
pressures were lower in the ISNY socket.

Children’s Titanium Modular System,
Otto Schultz, C.P.O., IPOS GMBH and
Company K.G., Post fach 1845, 2120 Lune-
burg, West Germany and Dale Berry,
C.P.(C), TPOS-USA, 155 Portage Road,
Lewiston, NY 14092.

On April 18 and 19, 1984 in Ottawa,
Canada, seven year old Matthiew Parent,
sponsored by the War Amputations of
Canada CHAMP programme, was fitted
with a flexible A/K socket and the first
modular titanium above knee system for
children in North America. A year has
passed and we will review this young boy's
progress and how his lightweight (three
Ib.) prosthesis has held up.

ADEPT Voluntary Closing Biomechanical
Hands for Children: Experiences and Case
Studies, Bob Radocy, M.S., T.R.S., Thera-
peutic Recreation Systems, Inc., 1280 28th
Street, Suite 3, Boulder, CO 80303-1797.

ADEPT biomechanical hands are the
first voluntary closing terminal devices
ever produced commercially for children.
They are designed to imitate the proven
function of the larger GRIP terminal devices
for adults but use materials deemed more
appropriate for children with regards to
safety and cosmesis. Two models were in-
troduced in the Fall of 1984: the “F"” for
youngsters aged one to five, and the “B”
for adolescents 10 to 14 years of age.
Through a no obligation educational trial
program offered by the manufacturer, over
two hundred ADEPTSs have received expo-
sure and/or have been examined and eval-
uated with limb deficient children, their
parents, therapists, physicians, and pros-
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thetists. General experiences from these
sources will be summarized to indicate ac-
ceptance/rejection, conversions, use, ap-
plications, success, failure, and sugges-
tions/comments resulting from the first
yeat’s exposure to the devices. Case
studies will be focused on the application
of ADEPTs to specific children to highlight
aspects of the general experiences which
are discussed. New product developments
and existing product improvements re-
sulting from the first year's experiences
with the ADEPTs will be discussed and
will complete the presentation.

The ICEROSS System, Ossur Kristinsson,
C.P.O., Ossur hf., Hverfisgata 105, Box
5288, 125 Reykjavik, Iceland.

A new method for fitting below knee and
above knee amputees is presented. ICE-
ROSS stands for Icelandic Roll on Suction
Socket. The system consists of: a) an injec-
tion moulded silicone socket that is rela-
tively unstretchable axially but highly
elastic radially, b) a coupling device for
bottom to bottom connection to c) a rigid
total contact socket, or alternatively, a
flexible socket type ISNY. The silicone
socket is fabricated over a high density
plaster of paris model that is somewhat
smaller in circumference than the original
model. A Pelite® socket dummy is made
over the model and a thin rigid socket is
then laminated over the dummy. The
dummy is removed and silicone injected
into the two part mould thus created. The
silicone socket is fitted over the original
model and a rigid or a flexible socket made
thereover. When donning the socket, the
amputee turns it inside out and rolls it over
the residual limb. The coupling device is
connected to nylon tape that goes through
the bottom of the rigid or flexible socket to
a buckle on a posterior socket wall. The
silicone socket adheres to the skin and acts
like a second skin, transferring the action
of interface friction from the skin-stump
sock level to the interface level between the
silicone and the supporting socket. Th