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technique being presented at Northwestern
University is said to be based more directly on
the Ivan Long technique and is known as
NSNA (Normal Shape-Normal Alignment).
The technique taught at New York University is
usually referred to as the Narrow ML (medio-
lateral) socket design using a special jig
designed by Daniel Shamp to facilitate casting.
Mr. Wilson concluded his remarks by saying
that “‘unfortunately, none of these techniques
has been subjected to an evaluation programme
independent of the development group, and a
great deal of confusion exists among clinicians
responsible for amputee care. I hope that this
workshop can be helpful in clearing away some
of the confusion, and point the way for action
that will bring order to the present day practice
of AK prosthetics.”

UCB quadrilateral socket-review

Professor Charles Radcliffe, Professor of
Mechanical Engineering at the University of
California, Berkeley (UCB) presented a paper
entitled “Review of UCB Quadrilateral Socket
and Alignment Theory”. Having been a
member of the Prosthetic Devices Research
Project of UC Berkeley in the 50’s and 60’s,
Professor Radcliffe is still a strong proponent of
the quadrilateral socket. He presented a
detailed review of the history and development
of the quadrilateral socket and summarized this
section of his presentation with the following
comments: ‘“The net result of all of this work in
the 1950-1963 period was a better understand-
ing of the complex interrelationships between
the functional capability of the amputee, the
rehabilitation goals, the prosthetic components
required in the prescription, the gait of the
amputee, the biomechanical forces generated,
the socket shape, and the alignment. The
socket was no longer described as a cross-
section shape at the ischial level but rather a
three-dimensional receptacle for the stump with
contours at every level which could be justified
on a sound biomechanical basis . . . . It should
be emphasized again that the quadrilateral type
of fitting is not just a socket, it is a complete
system which includes the amputee as a most
important component. The socket is the
interface between stump and prosthesis, and its
primary functions are to provide for weight-
bearing in the stance phase, allow the use of the
stump and hip musculature to control motion

and posture of the upper body in the stance
phase, and to provide for control of the
prosthesis in the swing phase of walking.”

The next section of Professor Radcliffe’s
paper focused on biomechanical and alignment
principles of a prosthesis with a quadrilateral
socket. Here he related his feelings that many
of the claims made by proponents of the newer
non-quadrilateral socket designs are equally
attainable in the quadrilateral socket, if the
original biomechanical principles are followed.
“Regardless of the fitting method employed,
the socket for any patient must provide the
same overall functional characteristics including
comfortable weight-bearing. a narrow base
gait, and as normal a swing phase as possible
consistent with the residual function available
to the amputee after amputation. It is possible
to provide this with a quadrilateral socket and it
is being done routinely in many facilities.”
Professor Radcliffe went on to say: *‘In most of
the recent articles that I have read, statements
have been made which indicate clearly that the
author is comparing very poorly fitted quadri-
lateral sockets to the results obtained using the
new technique. They show diagrams of typical
fittings and gait deviations which can only be
described as a complete list of horror stories
describing what not to do in fitting a
quadrilateral socket. Any prosthesis with the
problems listed in these articles should never
have been delivered. If the average prosthetist
in the United States is having the problems
described by Long, Shamp, and Sabolich, then
I must suggest that something is wrong with the
methods being taught and used in daily
practice. I am aware that the schools have made
significant changes in the way that the
principles are taught, with each school
emphasizing different aspects of the problem. I
suspect that there may have been a shift away
from the fundamentals of teaching of overall
objectives, including the interrelationships of
amputee evaluation, components prescribed,
biomechanics, and why sockets are fitted with
particular contours.”

UCLA CAT-CAM prosthesis

Following Professor Radcliffe was Tim Staats,
Director of the UCLA Prosthetics Education
Programme. Mr. Staats’ presentation was on
the “UCLA CAT-CAM™ prosthesis. UCLA
began teaching CAT-CAM AK prosthetics with
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Circumference

just below ischium Goal M-L

9" -2.5
10" -2.7
11” -29
12" -3.1
137 -33
14" -35
15" -3.7
16" -39
17" —-4.1
18" —-4.3
19" —-4.5
20" —-4.7
21" —-4.9
22" -5.1
23" -5.3
24" -5.5
25" -5.7
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bolt external rotation. For alignment in the
frontal plane (posterior view, ML plane),
Shamp advocates the principles of Long’s Line.

Design criteria for geriatric above-knee sockets
Dr. Hans Lehneis of the Rusk Institute of
Rehabilitation Medicine was the next speaker
and his presentation covered work done at the
Rusk Institute and the New York V.A. Medical
Centre. Dr. Lehneis and associates are investi-
gating anatomical, physiological, and bio-
mechanical characteristics of geriatric above-
knee amputees in an attempt to develop a set of
design criteria for geriatric above-knee sockets.
This project is still in the developmental stages.

Flexible sockets

Ossur Kristinsson of Iceland, the developer of
the flexible socket-rigid frame system made the
next presentation. Kristinsson reported that he
was continuing development of flexible sockets,
including walls and brims. He is conducting an
extensive materials search in hopes of finding
those materials that will make possible the
ultimate flexible socket design. He went on to
say that we need some simple definition of
flexible socket characteristics: *“To label a
socket as flexible I would say that you should be
able to deform it by your hands, and the
material should not be elastic enough to stretch
under the loads it will be subjected to.”
Concerning flexible socket design, Kristinsson
stated: “When designing a flexible socket
system the most critical aspect for the comfort
of the wearer is how the frame is designed. It
has to be capable of supporting the flexible
socket, preventing permanent deformation,
and the socket-frame combination has to be
structurally strong and stable enough to
counteract the reaction forces.” A final,
important point made by Kristinsson was that
“There may be doubt among professionals and
users about the value of the flexible wall. I am,
however, totally convinced that the flexible
socket is here to stay. If anything, I think it will
get more flexible as we gain access to more
suitable materials than we are using today, and
some obstacles on the way to proper under-
standing of the socket-stump interaction are
overcome.”

Continuing the flexible socket presentations
was Norman Berger of New York University’s
Prosthetic Orthotic Programme. Berger’s
presentation was of the ISNY (Icelandic-

Swedish - New York) flexible socket design as
published and taught by NYU. Berger
described the socket and frame fabrication
technique used in the ISNY design. Three
interesting points are worthy of mention:

(1) the flexible socket is fabricated with
polyethylene, which has a known shrinkage
factor

(2) the desired wall thickness of the flexible
socket is 0.06 inch

(3) lateral distal support for the femur is not
provided by the frame.

The final presentation on the topic of flexible
sockets was made by Charles Pritham of Durr
Fillaver. A co-author and co-developer of
Durr-Fillauer’s flexible socket technique,
Pritham described the biomechanical function
of the flexible walled ischial-gluteal bearing
quadrilateral socket as follows:

(1) ischial/gluteal weight-bearing

(2) stabilization of the distal femur laterally

(3) total contact

(4) flexible walls

Note the mention of stabilization of the distal
femur laterally; this is provided by the frame
design of the Scandinavian Flexible Socket.
Pritham went on to say: “It will be appreciated
that the design is actually not fundamentally
different, flexible walls aside, from a similarly
designed socket in the rigid walls. Indeed one of
the factors that undoubtedly hastened its
acceptance was the fact that previously learned
methods of casting and fitting quadrilateral
sockets were fully acceptable when fitting a
flexible walled socket. While the advantages
cited are formulated with the quadrilateral
socket in mind, there is no reason to suspect
that they are significantly different from non-
quadrilateral AK sockets. Indeed, flexibility is
often considered by the designers of one
another of the various designs as an integral
factor in their success.”

Pritham listed advantages of flexible walled
sockets as follows:

(1) flexible walls

(2) improved proprioception

(3) conventional fitting techniques

(4) minor volume changes readily accom-
modated

(5) temperature reduction

(6) enhanced suspension.

Indications for use of the flexible wall socket
are:
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ramus, as much as possible and still allow
comfort in the pubic ramus area. This ramus
enclosure provides two biomechanical
functions: (1) a medial bony stop for ML
stability and (2) rotational control. especially
on soft fleshy stumps. Other than these
departures, the Sabolich/Guth CAT-CAM
differs very little from the UCLA CAT-CAM,
especially in terms of brim shape, trimlines, and
biomechanics. Sabolich, unlike Long, does
advocate the use of dynamic alignment devices.

At this point in the Workshop, Professor
Radcliffe returned to the podium in an attempt
to present and clarify the comparative bio-
mechanical principles of both quadrilateral and
ischial-containment sockets. The following
biomechanical analyses are taken from
Professor Radcliffe’s discussion and from the
paper he later submitted reviewing his
presentations.

“It has been demonstrated that pressure
against the medial aspect of the pubic ramus
can be used to supplement the weight-bearing
on the tuberosity of the ischium and contribute
to medial stabilization in the upper one-third of
the above-knee socket. In taking advantage of
the weight-bearing potential on the medial
aspect of the ramus, the prosthetist is creating a
situation much like weight-bearing on the seat
of a racing bicycle. To prevent the ramus from
sliding laterally and downward into the socket,
the prosthetist must exaggerate the counter-
pressure from the lateral side. This has been
done by a reduction in the M-L dimension
particularly in the area just distal to the head of
the trochanter. The soft tissue must be
accommodated, and therefore, the A-P
dimension is correspondingly increased
compared to the quadrilateral socket.
Compared to the quadrilateral fitting the height
of the anterior brim is typically lowered and
flared and the gluteal area is filled in and fitted
higher as a result of the ischium being encased
deeper into the socket.

“The medial brim of the socket must slope
forward and downward to the point where the
pubic ramus crosses the medial brim and
emerges from the socket. The ischial ramus
clearly is capable of providing medial counter-
pressure which supplements the medial
pressure on the adductor musculature. Since
the socket slopes downward and inward along
the entire medial brim, this contour is faired

into the medial wall of the socket, which gives
the impression of exaggeration of the medial
counterpressure in the upper one-third of the
socket.

“The adduction of the socket and the use of
lateral stabilization should not differ from that
achieved by a properly fitted quadrilateral
socket. There is an apparent exaggeration of
the modification of the lateral wall, but this is
primarily limited to the area just below the
trochanter where the M-L dimension has been
reduced to ensure that the encased pubic ramus
and ischium are maintained in the desired
position on the medial brim. The exaggeration
of the medial flare and reduction of the M-L
dimension in the upper third of the socket leads
to the impression of a greater angle of femur
adduction, but the actual angle of the femur
should be similar in both types of fittings if the
quadrilateral socket is properly fitted and
aligned.

“Long’s Line as proposed by Ivan Long is the
anatomical axis of the lower extremity as
described in anatomy textbooks. Placing the
femoral stump in an advantageous position for
normal use of the hip musculature by adduction
and flexion of the socket has been a part of
good prosthetic practice for at least forty years
in the United States and perhaps longer in
certain European centres. Mr. Long’s line
appears to be most useful in the cast taking
procedure and subsequent modifications of the
model rather than have any fundamental
bearing on the alignment of the prosthesis. It
appears to offer no new concepts useful in the
bench or dynamic alignment of the prosthesis.”

Professor Radcliffe told the Workshop that
the use of “catchy names” should be avoided,
and he therefore proposed the terminology of
ISCHIAL-RAMAL weight-bearing socket as
well as ISCHIAL-GLUTEAL weight-bearing

socket.
Professor Radcliffe continued his biomechan-

ical analysis by saying ‘“The biomechanics of the
ischial-ramal weight-bearing socket are similar
to the ischial-gluteal weight-bearing quadri-
lateral socket. The major differences are in the
manner in which the ischium is maintained in
position within or on the brim of the socket. In
each case there must be vertical support with a
combination of lateral and anterior counter-
pressure to maintain the ischium in position . . .
Some of the socket shape diagrams I have seen




ISCHIAL-GLUTEAL

approximate location of the ischium
with weight-bearing area cross—hatched

ISCHIAL-RAMAL

slightly distal to ischium
and trochanter

~&— over trochanter

superior brim

approximate location of the ischium
with weight—-bearing area cross—hatched
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Panel reports
With all presentations complete, the plenary
group was divided into six panels of 6-9
members with the following charge:

Determine similarities

Determine differences

What is the role of flexible walls?

Indications and contraindications
Recommendations for future action:

1.

PR

(a) Evaluation
(b) Education

C. M. Schuch

(c) Application

A synopsis of these reports is presented in

concluding this report.

New panels were then formed to restudy the

rationale for and possibly develop protocol for
evaluation. The reports from this second group
of panels were discussed in plenary session.

What follows is a synopsis of the conclusions

and recommendations of the panel reports.

I
A.
1

Similarities & Differences
Biomechanics
Ischial Containment:

similarities:

differences:

all non-quads advocate and
utilize varying degrees of
ischial containment

quads do not utilize ischial
containment;

non-quads, amount of ischial
containment

Weight Bearing Distribution:

similarities:

differences:

nonquads, combination of
ischial tuberosity and ramus,
and peripheral (soft tissue)
quads, ischial-gluteal weight
bearing

ML Stability — maintenance of adduction

similarities:

differences:

goal of all AK socket systems;
greater success and main-
tenance in non-quad sockets
due to ischium acting as bony
stop or lock

quad, soft tissue lock only,
no bony lock less successful
maintenance of adduction,
thus less ML stability

Socket Shape — ischial level cross section

similarities:

differences:

non-quads, narrow ML, wider
AP, concave post-trochanteric
shape

quad, wider ML, narrower
AP

Trimlines:
similarities:

differences:

Suspension:

similarities:
differences:

Alignment:
similarities:

differences:

non-quads, generally;
especially anterior, posterior,
and lateral wall trimlines
quads, especially anterior,
posterior, and lateral wall
trimlines;

medial wall of CAT-CAM

all compatible with suction
non-quads, unclear about
auxillary suspension

all but NSNA utilize align-
ment devices;

non-quads, medial wall not
on line of progression;

NSNA & UCLA CAT-CAM,
tilting of knee bolt in bench
alignment;

Shamp Narrow ML & NSNA,
use of Long’s Line;
non-quads, TKA bench align-
ment, socket midline

NSNA does not use dynamic
alignment device;

quad medial wall on LOP;
not all tilt knee bolt;

NSNA, varying degrees of
knee bolt tilt, 7 degrees,
female, 4 degrees, male;
quad, bench alignment, more
stable TKA, T reference
point is located at posterior
Y of socket

Rotational Control:

similarities:

differences:

non-quads, bony lock of
ishium and post-trochanteric
concavity

quad, muscular-soft tissue

cross-section

Method of Obtaining Cast:

similarities:

differences:

quad and Shamp Narrow ML
— brim;

UCLA CAT-CAM &
Sabolich/Guth CAT-CAM,
hand moulding technique;
NSNA & UCLA CAT-CAM,
standing

CAT-CAM & NSNA, hand
moulding technique;










