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SUMMARY

A Symposium was held to as-
sess the current status of below-
knee prosthetics and make recom-
mendations  concerning  future
research and education programs
in the on-going effort to improve
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current practices. A review of cur-
rent courses of instruction, current
practice in clinical prosthetics,
and current research projects was
made.

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

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

SYMPOSIUM ON
BELOW-KNEE
PROSTHETICS

The Symposium was opened by
Mr. Anthony Staros who, as Di-
rector of the Veterans Administra-
tion Prosthetics Center—the site
of the meeting—welcomed the
participants. As Chairman of the
Subcommittee on Design and De-
velopment he recounted that the
primary objective of the Sym-
posium was to bring together all
available information that might
be helpful to the Prosthetics Ed-
ucation Program in bringing up to
date their courses of instruction
in below-knee prosthetics. He
added that all research activities
in below-knee prosthetics were to

orthotics and prosthetics

be reviewed also, and then turned
the meeting over to the Chairman,
Mr. James Foort, who followed
the Schedule (Appendix A) which
had been distributed previously.

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

|. Orientation

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

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

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

A. University of California, Los
Angeles

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

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

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

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

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

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

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

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

closely as they

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

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

ual).

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

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

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

orthotics and prosthetics

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

b. Degree Program for
Prosthetists

3. Content of Course
a, Basic instruction and

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

b. NU suspension casting
(I4) demonstrated.

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

C. Northwestern University

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

He reported that:

1. Four prostheses are made

during the course.

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

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

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

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

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

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

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

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

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

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

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

I1l. New Practices

A. Socket Modification and Sus-
pension Systems

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

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

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

1. Air-Cushion Socket (Fig. 3)

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

orthotics and prosthetics

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

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

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

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

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

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

fitted with the air-cushion socket.

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

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

Of these 120 sockets, three
were converted to standard PTB

orthotics and prosthetics

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

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

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

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

Vo 1A

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

FIGURE 5—The supracondylar-wedge suspension method.
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VARIATIONS OF THE PATELLAR-TENDON-BEARING (PTB) PROSTHESIS
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CHART 1.

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

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

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

In the general discussion that
followed, it was clearly the con-
sensus that all of the innovations
that had been reported upon had
a valid place in the management
of the below-knee amputee. Many

orthotics and prosthetics

of the innovations are not mutu-
ally exclusive and, therefore,
clinic teams have at their disposal
a number of combinations that
can be used to satisfy the particu-
lar patient.

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

Further discussion followed. It
was the consensus that:

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

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

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

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

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

B. Socket Materials and Fabri-
cation

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

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

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

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

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

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

2. Transparent Sockets

Mr. Ronald Lipskin reported on

orthotics and prosthetics

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

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

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

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

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

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

IV. Proper Application of
Sach Foot

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

V. Stump-Socket Relation-
ship

A. NYU Distal-Contact Regu-
lator

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

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

orthotigs and prosthetics

B. Veterans Administration
Prosthetics Center

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

C. University of Michigan

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

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

VI. Summary and Recom-
mendations

Recommendations

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

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

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

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

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

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

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

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

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

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

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

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

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

orthotics and prosthetics

In the following the figures in ( ) refer
to the preliminary results.

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

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

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

and function,

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

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

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

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

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

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

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

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

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

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

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

in 27 cases, increased comfort and func-

tion.

in 4 cases, unchanged condition

in 3 cases, return to standard PTB pros-

thesis

in 1 case the amputee had to be fitted

with a conventional prosthesis.

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

in 2 cases the amputee had edema dis-

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

in 1 case the amputee manages well with

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

in 1 case the amputee, who had no stump

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

in 1 case the amputee had to be fitted

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

in 1 case the amputee has previously

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

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

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

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

BOSKO ZOTOVIC, M.D.*

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

In several cases, when stump atrophy
was present, there were attempts to correct
the sockets by making a new Silastic cham-
ber over the cast and mold to make a dou-
ble air cushion. Unfortunately, this trial,
as well as some other attempts at cor-
rections, has failed. The only reasocnable
method presently known for correcting for
stump atrophy is to make a new socket.

161



After the experimental work was fin-
ished and we became familiar with the
technique, we organized a Seminar for
teaching the other orthopedic enterprises
in Yugoslavia, and now the air-cushion
socket is being produced in several other
places. These institutions report findings
parallel to our own.

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

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

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

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