Some Experience with Prosthetic Problems
of Above-Knee Amputees

FOR almost a dozen years the University of
California has been active in prosthetics re-
search. On the recommendation of the then
Committee on Prosthetic Devices (now the
Prosthetics Research Board) of the National
Research Council, there was established in
1945, with the cosponsorship of the School of
Medicine in San Francisco and the College of
Engineering in Berkeley, the Prosthetic De-
vices Research Project (now the Lower-
Extremity Amputee Research Project), a
program designed primarily for the purpose of
conducting studies in several areas of im-
portance to leg amputees, especially funda-
mental studies of the processes of human loco-
motion. Supported on a continuing basis with
funds supplied by the Veterans Administra-
tion, the work has from the beginning been
under the supervision of Howard D. Eberhart,
Professor of Civil Engineering, and Verne T.
Inman, Professor of Orthopedic Surgery.

In the course of fundamental research, the
need for experimental devices required the
activation of an engineering design group, and
consequently a small staff of design engineers,
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draftsmen, and technicians has been active
since 1948. This group, working with the
fundamental study groups, research prosthe-
tists, and amputee subjects, has designed im-
proved prosthetic devices, developed mechani-
cal aids to fitting and alignment, and assisted
in the application of well-known principles of
engineering mechanics to the problems of
fitting and aligning lower-extremity prostheses.
As correlation of the results of the various
fundamental study groups progressed, and as
the engineering design group developed im-
proved devices, it became increasingly ap-
parent that, in order to make their results use-
ful to the members of the medical profession
and to prosthetists serving amputees, a pro-
gram of amputee application was indicated.
Accordingly, there was organized in the spring
of 1953 a Clinical Study aimed at providing
increased opportunity for application of re-
search results to the solution of typical pros-
thetic problems of leg amputees. The work in
fundamental research had studied the "man";
the Clinical Study was needed to consider the
‘man-machine combination." Its objectives
were to evaluate current prosthetic practice
and to develop improved procedures where
needed, to establish basic principles of fit and
alignment for all levels of lower-extremity
amputation, to evaluate medical and prosthetic
factors in the rehabilitation of amputees, and
to develop methods for evaluation of lower-
extremity amputees and their prostheses.

An immediate outgrowth of the Clinical
Study was an increasing awareness of the need
for additional research directed toward the
solution of the medical problems of the
amputee. At the present time, the Medical
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Division of the Lower-Extremity Amputee
Research Project, located at the Medical
Center in San Francisco, includes groups active
in the fields of stump dermatology, amputation
surgery, skeletal changes, energy, neuro-
anatomy, psychology, and the physiology of
pain. The Clinical Study provides an op-
portunity for the solution of the prosthetic
problems associated with the medical studies
and also of the purely prosthetics research
problems connected with better materials and
improved techniques of fitting. To date, most
of the experience has been had with above-
knee amputees, as here reported, although
more than 100 patients, presenting all levels of
lower-extremity amputation, are currently
under study.

PROCEDURES

Each amputee processed through the Clinical
Study has certain unique problems, and each
must therefore be considered on an individual
basis. Initially, it was thought that it would be
possible to process amputees in certain rather
loosely defined groupings—such as '"short-
stump above-knee," "long-stump below-knee,"
and so on. But this procedure has not been
found practical since each amputee is referred
to the study as his particular problem arises.
Largely because of the attendant requirements
of time, travel, and inconvenience, it is dif-
ficult to induce an amputee to become a re-
search subject when he considers his prosthesis
to be comfortable and well fitted. The cases
reported here have almost without exception
been referred to the Clinical Study as "problem
cases" and have had chronic difficulties upon
referral. The sample does not, therefore, neces-
sarily indicate a typical cross-section of the
amputee population. The prosthetic problems
of the group as a whole, however, constitute
what we believe to be a rather common group
of problems facing above-knee amputees.

Each amputee referred to the Clinical Study
is given a preliminary examination for the
purpose of obtaining information as to the
nature of his problems, if any. The preliminary
examination includes:

1. An interview with an amputee specidist (i.e, a
trainer). The amputee specialist obtains a brief pros-

thetic history, explains the research program to the
amputee, and records personal data.

2. Medical examination by an orthopedic surgeon.
The orthopedic surgeon obtains a brief medical history
and endeavors to classify the major complaints of the
amputee.

3. Prosthetic evaluation by saff prosthetists and
other specialists. A group consisting of three or more
people examines the amputee's stump, his prosthesis,
and his performance in order to analyze the fit, align-
ment, and functional behavior of the amputee with his
prosthesis.

The results of each of these examinations are
recorded in the form of a written memorandum
report. Upon completion of the reports, a
group discussion is held for the purpose of
making recommendations as to the further
handling of the case. For example, it may ap-
pear on preliminary examination that a partic-
ular amputee has a severe skin infection of
unknown origin. In such a case, the recommen-
dation might be to refer the patient to the Skin
Study Group at the Medical Center in San
Francisco before considering any work di-
rected toward improving fit and alignment.

Certain cases considered to be of interest to
the research staff as a whole are referred to the
Amputee Conference held at the Medical
Center, San Francisco, on a regularly scheduled
weekly basis. Amputees may be referred to the
Amputee Conference by medical study groups
as wel as by the Clinica Study Group.
Attendance at the conference is limited to
University of California staff members, and
not more than three amputees are presented
for discussion at any one session. The Amputee
Conference provides an opportunity for
presentation of the results of the preliminary
examination and, thereafter, a general group
discussion. At this time a general plan of
treatment, including broad research objectives,
is formulated.

If an amputee is accepted by the Clinical
Study as a case of research interest, a more
complete medical examination is required.
Cases referred to the Clinical Study from the
medical study groups or the Amputee Con-
ference have usually been examined at the
Medical Center prior to referral. The complete
medical examination includes routine clinical
tests, plus x-rays of the stump and pelvis.

Before any actual treatment is undertaken,
a plan of approach is worked out by a team
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consisting of an orthopedic surgeon, a pros-
thetist, an engineer, and an amputee specialist.
The team discusses research objectives in
detail, writes a prescription for one or more
phases of prosthetic treatment, and lays out
an estimated schedule. A report is then written
summarizing the discussion and recommenda-
tions, and the team meets periodically, as
necessary, to review progress and to make
further recommendations. Each phase of the
treatment of the amputee is reported in a
memorandum which becomes a written record
of progress. Permanent recordsembrace medical
records, including x-rays; evaluation records,
including evaluation forms and 16-mm. motion
pictures (100 ft. per evaluation); black-and-
white still photographs; 35-mm. color trans-
parencies; and memorandum reports on plans
and progress.

GENERAL PRINCIPLES OF ABOVE-KNEE
PROSTHETICS

As already noted, one of the major objectives
of the Clinical Study was to provide the means
for additional amputee trials of certain princi-
ples of fitting and alignment which had been
evolved during several years of fundamental
research, evaluation of current practices, and
amputee trials but which had been developed
with a limited number of amputee subjects.
The technique of fitting the suction-socket
prosthesis to an above-knee amputee has been
reported by the University of California in a
series of publications (1,3,4,5,7,8,9,10) which
have been revised periodically as new knowl-
edge and techniques became available. The
latest article (6) stressed the interdependence
of the shaping and fitting of the socket and the
biomechanics of alignment of the prosthesis.
A rational basis for planning and fitting the
above-knee prosthesis was presented. All of the
patients reported upon in the present paper
were fitted in accordance with these principles.
It is therefore well to offer here a brief summary
of the more important considerations.

The prosthetist is undoubtedly the person on
the prosthetics team with the heaviest re-
sponsibilities. His skill with his hands is
largely responsible for the eventual rehabilita-
tion of the amputee. But in carrying out his
assignment of providing the amputee with a

satisfactory prosthesis, he is faced with some-
thing of a dilemma in the establishment of an
order of procedure. In order of importance, he
must provide the amputee with, first, com-
fort; second, function; and third, appearance.
It can be argued that he should approach the
solution of these problems in reverse order if
optimum results are to be achieved. Actually,
there are two separate and distinct phases of
equal importance in the fitting of a leg pros-
thesis—the planning phase and the construc-
tion phase. It is during the planning phase that
the objectives listed above should be considered
in the reverse order. One of the principal
reasons for failure to achieve optimum results
in the fitting of a suction-socket above-knee
leg is lack of appreciation of, and hence failure
to formulate, a working plan before beginning
the construction of the prosthesis.

In order properly to plan the fitting and
alignment of a prosthesis, the clinic team must
have in mind a rational sequence which will
eventually result in a satisfactory fitting for
the amputee. The order of the sequence is
necessarily dictated by the type of problem to
be solved at a particular stage. Let us con-
sider, for example, the case of a typical leg
amputee. During the medical and prosthetic
examination by members of the clinic team, a
careful analysis is made of the patient's poten-
tial as a wearer of a prosthesis. This analysis
includes classification as to stump type, stump
length, activity level, habit patterns, and
special medical factors. It dictates in general
terms the type of alignment to be incorporated
in the amputee's prosthesis (Fig. 1).

The alignment of the prosthesis will in large
measure establish the gait pattern of the
amputee, assuming of course that he has been
trained to use his prosthesis in a manner
consistent with its alignment. A leg amputee
can walk efficiently with a symmetrical, nar-
row-based gait only if his prosthesis has been
planned and constructed to achieve such a gait
pattern. The type of alignment also affects the
manner of fitting the socket. An amputee walk-
ing with a narrow base may require a distribu-
tion of contact forces between stump and
socket entirely different from that of an
amputee walking with a wide base (i.e, ab-
ducted gait).
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Fig 1. Variations in alignment to accommodate stumps of different functional lengths. With the short stump,
the dow or hesitant walker, having limited use of the hip abductors and extensors, needs considerable alignment
stability. The moderate walker, with stump of medium functional length, has average use of the hip abductors and
extensors. Alignment for the long stump is for an active walker having good use of the hip abductors and
extensors. These figures serve as a guide to typical features of alignment once the amputee has been classfied
After Radcliffe (6).
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The distribution of stump-socket contact
forces is determined by the functions the
socket must perform, the major functions of a
typical above-knee suction socket being as
follows:

1. Suspension of the leg in the swing phase of walk-
ing. This requirement dictates that an airtight seal be
maintained between stump and socket, especialy in
the proximal third of the stump.

2. Vertical support of body weight in the stance
phase. The only efficient areas of an above-knee stump
for weight-bearing are the ischia tuberosity and the
gluteus maximus. Attempts to use for weight-bearing
in a suction socket the attachments of the adductor
musculature in the perineal area have been unsuccess-
ful  Almost without exception this procedure leads
either to painful pressure on the pubic ramus or to
skin irritation where there exists a definite roll of ad-
ductor musculature over the medial brim of the socket.

3. Stabilization of the ischial tuberosity on the
posterior brim (ischial seat) of the socket. Failure to
provide stabilization of the tuberosity will allow the
pelvis to dide forward and down into the socket, a
circumstance which causes chafing and irritation of
the skin under the ischia tuberosity and, in addition,
is a major source of crotch discomfort.

4. Provision of effective stump reaction points for
utilization of hip musculature on the side of the ampu-
tation. Any attempt to use the hip musculature either
for control of the torso above the hip joints or for con-
trol of knee-joint movements below the hip joint will
require that the stump transmit a moment, or torque.
For lateral stabilization of the torso, there is required
a pair of mediolateral reaction forces equal in magni-
tude but opposite in direction—one acting on the
lateral side of the stump, concentrated in the lower
third, and a second acting horizontally against the
medial side of the stump in the upper third. During
those times when the stump acts to maintain knee
stability by active stump extension, the reaction points
are against the posterodistal and the anteroproximal
areas of the stump.

On the basis of these functional require-
ments, the quadrilateral shape of suction
socket shown in Figure 2 has been developed.
It not only conforms to the anatomical skeleton
and musculature but also provides the four
functions already listed—suspension, sup-
port, ischial stabilization, and torque reaction
points.

Thus far the objectives of appearance and
function have been accounted for. It has been

ANTERIOR

MEDIAL

LATERAL

POSTERIOR

Fig. 2. Quadrilateral shape of suction socket, as developed at the University of California, showing anatomical
features of an above-knee stump in weight-bearing. Cross-section 1/2in. below ischial level. After Radcliffe (6).
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stated that appearance is determined by
proper alignment and use of the prosthesis and
that function is dictated by proper alignment
accompanied by a rational design of socket to
provide the necessary accommodation of stump-
socket forces. These concepts can be restated
in the following two principles:

1. Gait and alignment establish a definite pattern
of stump-socket forces.

2. The force pattern, in combination with anatomi-
cal proportions, dictates a rational design of socket of
a generally quadrilateral shape.

The third objective is to provide a com-
pletely comfortable socket which will be
consistent with the functional requirements
and yet allow the amputee to use his prosthesis
for long periods. Comfort is achieved by appli-
cation of three additional principles:

1. Relative motion or rubbing between stump and
socket should be held to a minimum.

2. Stump-socket contact forces can never be eim-
inated. Contact forces can be tolerated most com-
fortably if distributed over a large skin area.

3. Where a contact force must be transmitted in an
area of the stump involving both soft and firm tissues,
a uniform distribution of the contact pressure is accom-
plished by a proportionately greater distortion of the
softer  tissues.

Application of the three principles relating
to comfort have resulted in four features of
socket shape at the brim that are of particular
importance:

1. The anteroposterior dimension of the socket must
be determined with considerable accuracy from skele-
tal measurements. Any error in this dimension will be
reflected in improper placement of the ischia tuberos-
ity on the posterior brim of the socket.

2. To ensure distribution of vertical support over
the entire posterior brim (i.e,, to achieve ischial-gluteal
weight-bearing), a rather flat posterior contour with a
flare in the gluteal area is required.

3. An anterior wall extending into the inguinal area
(the high front), when used with the proper anatomical
dimension, is extremely efficient in stabilization of the
ischium on the ischial seat.

4. A definite protuberance into Scarpa’s triangle
(the adductor area extending downward into the
socket), accompanied by a channel to fit the belly of
the rectus femoris, is necessary to ensure a uniform
pressure distribution and an airtight seal across the
anterior brim of the socket.

The following cases have been selected as
illustrative of typical problem cases and as

being informative to others engaged in the
rehabilitation of above-knee amputees. Treat-
ment was not completed in all cases because
considerable improvement over the previous
condition sometimes caused the individual to
believe the optimum had been reached and to
be reluctant to devote additional time. The
cases are in general indicative of the kind of
results that can be obtained under the team
approach to the problem of amputee rehabilita-
tion.

SOME ABOVE-KNEE CASES
CASE 1, LOWER THIRD OF THIGH
History

Case 1, a male, was 32 years of age, meas-
ured 5 ft. 8-1/2in., and weighed 190 Ib. His
left leg had been amputated above the knee in
October 1944 as the result of a wound. He was
employed as a civil engineer. For two years
after the amputation, he received intermittent
physical therapy and exercise before being
fitted with a conventional prosthesis with
pelvic belt. The patient's second and third
prostheses were similar. His fourth prosthesis,
also a pelvic-belt leg, was worn with fair
results for 18 months. It was then converted to
suction suspension in an unsuccessful attempt
to increase comfort. The fifth prosthesis, also
suspended by suction, was worn for a year with
continuous stump trouble before the amputee
was finally hospitalized.

The patient was referred to the clinical-
study program in November 1953 following
hospitalization for severe edema precipitated
by his suction-socket prosthesis. Treatment
consisted of remaining off the prosthesis during
and immediately following hospitalization.

Examination and Evaluation

The stump was 12 in. long, with limited
tolerance to weight-bearing on the end. Subcu-
taneous tissue was light and musculature soft,
with some bunching of the hamstrings and
slight atrophy at the distal end. X-ray showed
a healed but laterally displaced fracture of the
distal 5-1/2 in. of the femur. The end of the
femur was slightly rounded, was closed with
new bone growth, and had a small medial spur.
Approximately half an inch of muscle padding
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lay over the end of the femur. The ischial
tuberosity was well padded, and the general
health of the amputee was excellent.

When the patient was admitted to the
hospital, the end of his stump was severely
edematous, open, and weeping. At the time of
entrance to the study program, there was still
some weeping and edema, and the end of the
stump was discolored (Fig. 3). Follicular
lesions were apparent
in the area of the
inguinal crease and of
the crotch, and a small,
healing abscess existed
on the anteromedial
portion of the stump
5 in. below the groin.
Some rawness and irri-
tation were still appar-
ent in the crotch area.
The distal area of the

posterior aspect of the
stump was tender, and
there was a moderate
adductor roll.

Examination of the socket fit showed con-
striction of the stump, especially in the upper
third. Weight was carried on a flesh roll at the
brim of the socket (Figs. 4 and 5).

Fig. 3. Case 1. Con-
dition of the distal end
of the stump on referral.

Treatment

Interest in the case centered around the
edema, roll formation, and skin problems,
including discomfort in the crotch. Ischial-
gluteal weight-bearing, with increased area of
support at the anterior wall, particularly in
the upper third, was expected to eliminate
crotch discomfort, skin lesions and irritation,
roll formation, and constriction of the proximal
portion of the stump. A snug fit of the socket
in the upper third was required to reduce the
adductor roll, and a close fit of the distal two
thirds of the stump was required to reduce
remaining edema and to maintain fit as the
edema subsided.

The amputee was provided with a suction-
socket prosthesis using a Navy above-knee
set-up (11,12), including the variable-cadence
knee, the functional ankle, and the sponge-
rubber toe. The socket was made of willow
wood reinforced with rawhide and finished

inside with cellulose
acetate lacquer, and
an automatic expulsion
valve with standard
spring was used. A
flat, |leather-covered,
sponge-rubber pressure
pad was placed in the
bottom of the socket to
provide back-pressure
on the edematous tissue
at the end of the stump.

No special provision
was made for relief of
the adductor roll. The
anterior wall provided
no protuberance over
the femoral triangle,
and there was no special
relief for the displaced
section of the femur.
The perimeter of the
socket was 2-1/4 in. less
than that of the stump
at the proximal end, 3/4 in. less at the mid-
stump level, and equal to that of the stump at
the end. The distance from the channel for the
tendon of the adductor longus to the ischial
seat was 4-1/2 in., the corresponding anatomical
dimension being 3-3/4 in. This difference
between medial socket width and anatomical
measurement was subsequently found to be a
major source of difficulty. Current practice is
to have the medial width of the socket compare
very closely with the anatomical measure-
ment.

Prosthetic evaluation showed some in-
stability of the knee in ramp
descent owing to reduced
range of plantar flexion.
Although there was drop-off
at the end of the stance
phase because of the soft dor-
siflexion stop and the soft,
sponge-rubber toe, the am-
putee's performance was ex-
cellent.

Fig. 4. Case 1. Pros-
thesis worn prior to
referral.

Fig. 5. Case 1. Shape of socket
of prosthesis worn prior to refer-
ral.
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During the final fitting, the end of the stump
turned red, but a sponge-rubber pad placed in
the bottom of the socket improved stump
color markedly within two hours. One week
after delivery of the prosthesis, the edema was
reduced; three weeks after, there was no edema;
nine months after fitting, some edema was
evident at the distal end of the stump.

Evaluation indicated that the ischial tuber-
osity was sliding anteriorly off the ischial seat
so that the stump was settling deeper into the
socket, with increased constriction at the
proximal end. Several factors were involved.
The stump had shrunk, and the anteroposterior
dimension of the socket, especially in the
medial third, which had been too great ini-
tially, had been increased in an unsuccessful
attempt to relieve discomfort in the inguinal
crease and in the weight-bearing area of the
stump. The edema was confined to the areas
of the stump which extruded into the valve
recess and into the gap between the pad and
the socket walls. The valve recess was lowered,
the pad was refitted so that more weight was
carried on the end of the stump, and the space
between the pad and socket walls was elimi-
nated. The edema cleared up.

Roll formation over the anterior brim of
the socket was eliminated through extension of
the anterior wall of the socket above the level
of the ischial seat. The adductor roll was
completely contained within the socket.
Tightness of fit in the upper third was a
source of minor discomfort immediately, but
this problem decreased with reduction of the
roll, which was complete within six months
(Fig. 6).

Follicular lesions in the area of the crotch
and the inguinal crease quickly cleared up
with reduced forces from the socket brim and
elimination of roll formation over the brim.
One year after treatment began, the discolora-
tion at the end of the stump was markedly de-
creased. Irritation of the skin over the posterior
brim was a persistent problem directly related
to decreased effectiveness of ischial-gluteal
weight-bearing and wedging of the posterior
aspect of the stump against the inside edge of
the posterior brim of the socket. Attempts to
increase weight-bearing on the distal end of
the stump showed that the amputee preferred

ischial-gluteal weight-bearing because of dis-
comfort experienced on the stump end with
prolonged support of body weight.

Reduced support on the ischial tuberosity
followed stump and socket changes and
caused discomfort on the ramus. The medial
brim of the socket was lowered to provide
relief. This expedient was partially successful,
but the stump sank deeper into the socket
after wear, and ramus discomfort has recurred.

Summary

The problems of ede-
ma, roll formation,
skin lesions, and dis-
comfort in the crotch
were studied. Edema
was originally caused
by a tight fit of the
stump with constriction
of the proxima end.
Definite ischial-gluteal
weight-bearing,  with
increased area of an-
terior support, was the
primary factor in clear-
ing up the edema. A
pressure pad under the
end of the stump helped
to reduce the edema
Stump and  socket
changes which alowed
the ischia tuberosity
to dide into the sock-
et, with wedging of
the stump proximally, caused edema to re-
cur. Improved fit of the pressure pad, with
increased end-bearing, cleared up the edema.
The adductor roll was brought about by
weight-bearing in the crotch on the tight
socket. Ischial-gluteal support, adduction of
the femur in the socket with relaxation of the
adductors, and extension of the medial brim to
the level of the ischial seat, without provision
of ardief pocket, eliminated the adductor roll.
Discomfort due to tightness of fit for adductor-
roll reduction decreased as the roll reduced.
The high anterior wall eliminated roll forma
tion over the anterior brim of the socket. Skin
lesons and irritation were caused by high
force concentrations on the stump. Ischial-

Fig. 6. Case 1. Pres-
ent prosthesis.
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gluteal weight-bearing, with increased area of
anterior support, eliminated irritation and
follicular lesions in the area of the crotch and
the inguinal crease. Ramus discomfort follow-
ing stump and socket changes was a sign of
reduced effectiveness of ischial-gluteal weight-
bearing, which allowed the stump to sink
deeper into the socket. Discomfort in the
weight-bearing area posteriorly was caused by
wedging of the stump against the posterior
brim of the socket as the tuberosity slid inside
the socket.

CASE 2, MID-THIGH
History

Case 2, another male, was 57 years of age,
measured 6 ft., and weighed 187 |b. He was
employed as a district manager for an insur-
ance company. Amputation was through the
right femur following a railway accident at the
age of 17. He was referred to the clinical study
in November 1953 by a local limbshop because
of a history of problems. These included skin
infections and irritations, fatigue, and low back
pains which had persisted since amputation.
At the time, the amputee considered his pros-
thesis satisfactory. The first prosthesis, with
shoulder-harness suspension, was fitted in 1913
and worn until 1928. Prostheses with shoulder-
harness suspension were worn until 1943, when
a change was made to pelvic-belt suspension.
The pelvic belt was uncomfortable and aggra-
vated the back pains, and prior to referral the
prosthesis was converted to suction suspension.

Examination and Evaluation

General health and physical condition were
good. The stump was 10 in. long and cylin-
drical, with light subcutaneous tissue and
average musculature except for moderately
prominent hamstrings. There was a lateral-
distal bone spur, a mass of redundant tissue at
the lateral-posterior end of the stump, and
sensitive scar tissue which was adherent to the
femur. Perspiration level was high. Skin
irritations were present in the area of the
crotch and the inguinal crease, and hard skin
nodules existed in the ischial-gluteal area
(Fig. 7).

The prosthesis did not provide ischial-
gluteal weight-bearing, and the tuberosity of

the ischium was sliding inside the socket during
weight-bearing. This set of circumstances
resulted in painful pressure on the ramus and
wedging of the proximal portion of the stump
against the anterior and posterior brims of the
socket, with a high concentration of forces at
the brim level. The medial brim had been
lowered a half inch below the level of the
ischial seat in an unsuccessful attempt to
relieve the discomfort at the ramus. Walking
with a narrow base increased the ramus dis-
comfort because the femur was not adducted
in the socket for stabilization of the pelvis.
There was roll formation over the low anterior
brim. Knee stability at the end of the stance
phase was excessive owing to a long forefoot
and posterior placement of the knee joint,
which further increased the force concentra-
tions at the socket brim. Insufficient security
at heel contact was due to iff plantar-flexion
action. A pelvic hike on the side of the amputa-
tion in the swing phase
was noticeable, prob-
ably because of experi-
ence with shoulder-har-
ness and pelvic-belt
suspension.

Treatment

Problems of interest
included skin lesions,
horny nodules, ramus
discomfort, fatigue, and
backaches. It was de-
cided that relatively
standard  procedures,
including ischial-gluteal
weight-bearing with in-
creased support from
the anterior wall, would
be effective in elimi-
nating roll formation
and in reducing pres-
sure concentrations on
the stump, especiallyin
the crotch, in the in-
guinal crease, and in
the ischial-gluteal area.
Further reduction of
vertical forcesinthe re-
gion of the crotch could

Fig. 7. Case 2. Lat-

eral view of patient
standing. Note scar on
distal portion of stump
over lateral and poste-
rior aspects.
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be achieved by adduction of the femur in the
socket, thus eliminating pelvic drop in the
stance phase.

The amputee was provided with a suction-
socket prosthesis which included a single-axis
constant-friction knee, a plantar-dorsiflexion
ankle, and a foot with single toe-break. Seg-
ments of the prosthesis were willow wood
reinforced with rawhide. The socket interior
was finished with cellulose acetate lacquer, and
use was made of an automatic expulsion valve
with standard spring.

Since the ischial tuberosity was not adapted
to weight-bearing, the gluteal channel was
held shallow to increase gluteal support. In
addition, this arrangement offered increased
sitting comfort by allowing a thinner posterior
wall. Definite hamstring relief was provided by
channeling the posteromedial apex of the
socket (Fig. 8). The medial brim was approxi-
mately 1/4 in. lower than the posterior brim to
provide clearance for the ramus. The medial
socket width was4-3/4in. as compared to an
anatomical measurement of 3-3/4 in., adifference
subsequently found to be a major source of
difficulty. As already mentioned, current prac-
tice is to have the medial width of the socket
compare very closely with the anatomical
measurement. The anterior wall was extended
2 in. above the level of the ischial seat and was
relieved slightly over the femoral triangle. But
this idea, which was tried for fear that pressure
in the femoral triangle would interfere with
circulation, has since been abandoned in favor
of a definite protuberance into this area. Such
a shape gives considerable distributed anterior
support.

The socket was placed well forward on the
knee block to allow initial flexion of the femur
in the socket for increased voluntary control,
reduced energy require-
ments, and decreased
lordosis of the lumbar
portion of the spine.
Prosthetic  evaluation
indicated that therewas

Fig. 8. Case 2. Socket
shape of prosthesis worn at
present.

excessive stability at the end of the stance
phase owing to a long forefoot and the posterior
location of the knee axis, the long forefoot
having been dictated by the large foot size. In
the swing phase, there was some whip, which
was not removed during alignment trials on
the adjustable leg (3,4,5), but the gait was
markedly improved on the new prosthesis.
There was no ramus discomfort, no irritation,
and no roll formation in the crotch or inguinal
crease. The ischial tuberosity was close to the
inside edge of the socket, so that the medial
wall had to be lowered to prevent ramus dis-
comfort.

After stump shrinkage, ramus discomfort
recurred. The medial brim was lowered, but
this measure provided only temporary relief
as the stump settled deeper into the socket.
Skin irritations from the anterior brim were
reduced but persisted, since wedging occurred
owing to inefficient ischial weight-bearing.
Force concentration at the anterior brim was
reduced somewhat by extension of the brim 2
in. above the level of the ischial seat. Undercut
of the anterior wall over the femoral triangle
reduced the effective area of anterior support.

Skin lesions in the crotch cleared up initially
but recurred with failure of ischial weight-
bearing. Formation of horny nodules in the
weight-bearing areas was unchanged because
poor ischial support allowed the tuberosity to
move in and out of the socket over the inside
edge of the posterior wall, thus creating
abrasive and wedging action. Excessive per-
spiration was considered a factor both in the
formation of horny nodules and in stump
irritation because of the deteriorating effect it
had on the inside finish of the socket.

Although the anterior and posterior brims
were rolled and adjusted periodically to reduce
discomfort from skin irritations in the inguinal
crease and from nodules in the weight-bearing
areas, this expedient provided only temporary
relief, since the forces involved were either
unchanged or increased. Reduced alignment
stability, with increased flexion of the stump in
the socket, did not relieve the backache.
Activity level was not noticeably changed, and
fatigue also remained unchanged.

In the course of treatment, redundant tissue
at the lateral-distal portion of the stump was a
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problem in fitting because of the sensitivity of
the adherent scar tissue. A large pocket was
provided to give relief. Doing so reduced the
effective length of the femur available for
stabilization of the pelvis.

Summary

Failure of ischial-gluteal weight-bearing
resulted in ramus discomfort and skin lesions.
Lowering the media brim provided only
temporary relief, since the stump settled
further into the socket. With recurrence of
vertical pressure in the crotch, skin lesions
were again a problem. The need for effective
anterior stabilization to maintain the ischia
tuberosity on the ischial seal was definitely
indicated.

The high anterior wall eliminated roll forma-
tion and reduced skin infections in the inguinal
crease. Undercut of the anterior wall over the
femoral triangle reduced the anterior support
area and increased the force concentration al
the brim. Modifications of the anterior wall
and of the posterior brim reduced discomfort
temporarily only, since the force pattern was
unchanged.

Placement of the prosthetic toe-break at the
shoe crease provided excessive knee stability
at the end of the stance phase. This result
suggested that the conventional location of
the toe-break was too far forward.

CASE 3, MID-THIGH
History

Case 3 was another male, age 51, height 6 ft.,
weight 180 Ib. He lost his left leg above the
knee at the age of 17 after an injury sustained
in a baseball game. Since his original surgery,
he had had no further revision. For the first
five years after amputation, he used crutches
without a prosthesis. He had since worn three
prostheses during his 34 years as an amputee.
The first leg had a shoulder-harness suspension.
The leg worn upon his acceptance as a research
patient had been converted in 1952 from an
aluminum socket, pelvic-belt leg to a wooden
suction-socket prosthesis a year and nine
months previously. He was employed as an
expediter in a shipyard, and the nature of his
employment was such as to involve consider-

able standing and moving about over short
distances. His chief complaint was concerned
with persistent edema of the stump since con-
version to suction suspension, and this was the
reason for his referral to the clinical-study
program by a loca limbshop in November
1952. The patient complained of occasional
phantom pain but had no persistent local pain.

Examination and Evaluation

The patient was in good general health, with
normal reflexes and above-average muscula-
ture. The stump was cylindrical, with 6-1/2 in.
of femur below the perineum and 2-1/2in. of
soft tissue over the end of the femur (Fig. 9).
Stump musculature was not abnormally
prominent, and subcutaneous tissue was light.
On contraction of the muscles, the redundant
tissue pulled upward without bunching. A
large scar, adherent to the distal end of the
femur, extended 6 in. up the lateral side of the
stump (Fig. 10). There was severe, nonpitting
edema in the redundant tissue. The skin in the
edematous area was without hair, distended,
discolored, and scaly, with an orange-peel

Fig. 9- Case 3. X-ray of stump, mediolateral view.
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texture. Small cysts and horny nodules were
evident in this region as well as in the inguinal
area and in the crotch. The patient said that
these cysts frequently enlarged and broke
down, producing a pinkish-yellow discharge.

X-ray revealed the usual finding that there
was lessened bone density on the amputated
side and that the femur tapered and curved
medially toward the distal end, which appeared
to be closed. Comparison of socket and stump
perimeters showed the socket smaller than the
stump by 1-1/4 to 2 in. at corresponding levels.
The distance from the tendon of the adductor
longus to the ischial tuberosity was 3-1/2 in., as
compared to the corresponding socket measure-
ment of 5 in.

The suction socket the patient was wearing,
although of the ischial-bearing type, did not
achieve ischial bearing. The anteroposterior
dimension was too large, the mediolateral
dimension too small (Fig. 11). The socket was
too tight, especially in the distal haf, and the
proximal end of the stump was constricted
because of a wedging action precipitated by
failure to establish ischial-gluteal bearing.
Weight was borne on the medial brim of the
socket, which was3/8in. below the level of the
ischial seat and generously flared. There was a
small adductor roll, and the anterior brim of
the socket was level with the posterior brim,
with some roll formation in the area of the
inguinal crease. The anterior wall was under-
cut, a feature that caused localized high pres-
sure on the stump at the anterior brim. The
patient was well adapted to the use of the
prosthesis, although a number of undesirable
characteristics of gait were apparent, including
a 7-in. walking base, considerable sidesway,
and exaggerated arm swing on the side of the
amputation.

Treatment

This patient's chief problem was the severe
edema. It was felt that this disorder, as well as
the skin lesions, could probably be controlled
adequately by proper fit and alignment. The
question of prime interest to the study group
was whether or not suction suspension was the
cause of the edema in this case.

Fig. 10. Case 3. Lateral
view of stump. Note large,
adherent scar.

The amputee was
provided with a suc-
tion-socket prosthesis
with conventional com-
ponents, including a
single-axis  constant-
friction knee, a plantar-
dorsiflexion ankle, and
afoot with a single toe-
break. Segments were
made of wood and rein-
forced with rawhide.
An automatic expulsion
valve with a strong
spring was used to in-
crease positive pressure
in the socket during the
stance phase.

The socket perime-
ters were 1-1/2 in. less
than corresponding
stump dimensions in
the top third and
equal to stump di-
mensions below that.
The distance from the tendon of the ad-
ductor longus to the ischial tuberosity was
3-1/2in., and the corresponding socket dimen-
sion was 4 in. The anterior wall was relieved to
avoid pressure in the area contacting the
femoral triangle (Fig. 12), and a flat sponge-
rubber pad covered with soft leather was
placed in the bottom of the socket to provide
back-pressure on the edematous tissue.

After the patient had worn the prosthesis
for six weeks, the edema in the redundant
tissue had decreased markedly. The improve-
ment was maintained over a nine-month
period, although at no time was the condition
completely eliminated. About the ninth month,
there was a sudden increase in the amount of
edema. Three factors seemed to be involved.
There was increased activity. A weaker valve
spring had been installed to reduce loss of suc-
tion. And there had been stump shrinkage, as
indicated by the experience of ramus discom-
fort. The thickness of the control pad was
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increased, but doing so did not alter the con-
dition. Xext, a stronger valve spring was pro-
vided to increase the positive pressure in the
stance phase, and there was then a marked
and immediate improvement in the edematous
condition of the stump. To provide increased
ischial weight-bearing by reducing the antero-
posterior dimensions of the socket, liners were
added in the area of the socket contacting the
femoral triangle. Although ischial weight-bear-
ing was improved, as evidenced by the elimina-
tion of ramus discomfort, there was no change
in the edema.

The decision was then made to provide the
amputee with a socket that would make total
contact with the stump end, thus exerting
greater back-pressure on the edematous tissue.
After a four-day trial period, the patient found

Fig. 11, Case 3. Socket shape of prosthesis worn on
referral.

Fig 12 Case 3 Socket shape, present prosthesis

that accumulated perspiration irritated the
stump acutely, and the socket had to be dis-
carded. At present the amputee continues to
wear the first prosthesis provided and still has
moderate edema.

Skin infections initially present in the crotch
area were cleared with provision of ischial-
gluteal weight-bearing, but with stump shrink-
age the condition recurred because of decreased
effectiveness of such weight-bearing. Provision
of liners over the area of the socket contacting
the femoral triangle increased the effectiveness
of ischial-gluteal weight-bearing and reduced
the skin problems. Throughout treatment,
there was irritation on the weight-bearing area
of the stump, especially around the ischial
tuberosity. Provision of a section of nylon
stocking, fastened to the outside of the socket
and draped interiorly over the weight-bearing
area, improved comfort considerably by reduc-
ing shear between the skin and the socket. The
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skin irritations were due primarily to excessive
anteroposterior socket dimensions, especialy
along the medial wall. This situation allowed
the tuberosity to dlip into the socket and the
entire stump to settle deeper, with consequent
wedging of the stump against the posterior
brim and the anterior wall, thus creating a high
force concentration on the ischial tuberosity.
A pressure pad was found very helpful in con-
trolling edema when other elements of the fit
were satisfactory.

Minor skin irritations resulted from deteri-
oration of the inside finish of the socket, but
refinishing the socket cleared them.

Summary

Although treatment was never completely
successful in eliminating this patient's edema,
function and comfort were markedly improved,
and the course of his prosthetic treatment
served to demonstrate several principles.
Provision of ischial-gluteal weight-bearing
eliminated ramus discomfort, reduced edema,
and cleared skin infections anteriorly and
medially where the stump contacted the
socket brim. The posterior brim caused irrita-
tion of the stump when ischial-bearing was
indefinite, with the tuberosity near the inside
edge of the socket, or when the radius of
curvature over the inside edge was too small,
or when the ischial area was not conditioned
for weight-bearing. Use of liners to decrease the
anteroposterior dimension increased comfort.
When there was stump shrinkage and de-
creased ischial support, edema increased, and
a pressure pad alone was not successful in
controlling it. Use of a stronger valve spring, to
increase the positive pressure, decreased
edema. In spite of the failure to control the
edema completely, the patient was able to
perform at a high level of activity.

CASE 6, LOWER THIRD OF THIGH
History

Case 6, male, was 56 years old, stood 6 ft. 2
in. tall, and weighed 142 |b. He lost his right
leg above the knee as a result of a motor-coach
accident when he was 47. The patient's first
prosthesis, fitted six months after amputation,

used shoulder-harness suspension. It was worn
for two years. The next prosthesis provided
pelvic-belt suspension. It was being worn when
he entered the Clinical Study in November 1953
(Fig. 13). Complaints included tightness of the
socket, discomfort due to abrasion of the hip
by the belt on the side of the amputation, and
irritation in the distal-lateral area of the stump.
The prosthesis was in a state of general dis-
repair.

Examination and Evaluation

General health was good, and activity level
was high both at home and at work. The
stump was conical, with light subcutaneous
tissue and very light musculature, muscular
atrophy having been brought about by stump
inactivity in the walking cycle. Tissue over the
end of the stump was very thin. The lateral-
distal portion of the stump was scarred, and
the ischial tuberosity was small, sharp, and
lightly padded. Scars in the crotch area indi-
cated periodic folliculitis and boil formation,
and there was local pain posterodistally.

A number of points were of interest in this
case. They included a heavy adductor roll due
to abducted gait and
the plug fit; inexperi-
ence with suction sus-
pension and ischial-glu-
teal weight-bearing;
gait faults, including
the abducted gait and
pelvic hike on the side
of the amputation; and
the history of boils and
folliculitis in the crotch
due to weight-bearing
in that area (Figs 14,
15, and 16).

Treatment

The amputee was
provided with a suction-

Fig 13 Case 6 Origina
prosthesis. Weight carried
on adductor roll
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Fig. 15. Case 6. Ad-
ductor roll prior to treat-
ment.

Fig. 14. Case 6. Re-
laxed position of stump
prior to treatment.

socket prosthesis which included a single-axis
knee with constant-friction swing-phase con-
trol, a plantar-dorsiflexion ankle, and a foot
with a single toe-break. Segments were willow
wood reinforced with rawhide (Figs. 17 and
18).

Since the gluteus maximus was atrophied,
the extensor channel and gluteal flare were
fitted closely. No relief was provided for the
heavy adductor roll, which was drawn com-
pletely into the socket as a part of the process
of reduction. The socket perimeters at the
brim of the socket were 3 in. less than stump
dimensions. Two inches below the level of the
ischial seat, socket perimeters were approxi-
mately half an inch less than stump dimen-
sions. At the lower levels, socket and stump
perimeters were identical. The distance from
the ischial seat to the channel for the tendon of
the adductor longus was3-3/4in., the corre-
sponding anatomical measurement being 3 in.

Adduction of the femur in the socket relaxed
the adductors and permitted inclusion of the
roll in the socket with less difficulty (Fig. 19).
Initially a safety belt was provided to increase

the amputee's sense of security, since he had a
fear of losing the leg.

For the first three months of treatment the
prosthesis was worn three hours a day. During
the next six months use of the prosthesis was
increased to al day, the extended period of
adaptation to use of the prosthesis being due to
discomfort at the ischial tuberosity. After nine
months there was marked increase in comfort,
a circumstance which induced the amputee to
discard the cane he had theretofore used
regularly. A soft pad over the ischial seat
reduced discomfort but was discontinued after
two weeks in the expectation that adaptation
would be accelerated.

Tight fit of the proximal third of the stump
for reduction of the adductor roll resulted in
edema in the distal portion of the stump. But

Fig. 16. Case 6. Triangular shape of origina socket.
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when the socket perimeters in the upper third
were increased to reduce constriction, the
edema cleared up. Two weeks later the adduc-
tor roll had shrunk, and there was loss of suc-
tion. A new socket was made and modified
with liners at intervals for a period of a month
as shrinkage continued. By this time, the
perimeter of the stump at the perineum had
been reduced 2-1/2 in., so that a new socket was
required. The dimension of this socket from
the ischial seat to the channel for the tendon
of the adductor longus was reduced by half an
inch, and a protuberance was provided over
the area contacting the femoral triangle.

Edema recurred after six months, and
examination of fit showed considerable devel-
opment of the hamstring muscles. Accordingly,
the socket was opened at the posterior wall
starting 2 in. below the
ischial-seat level; the
edema cleared up.

Further development
of stump musculature
resulted in edema at
the end of the stump
during the ninth
month of treatment.
Increased hamstring
rdief was provided, a
stronger valve spring
was installed, and a
sponge-rubber pad was
placed in the bottom
of the socket to in-
crease back-pressure on
the end of the stump.
Again the edema
cleared up.

Training was pro-
vided for a period of
one hour a day for six
weeks. Gait was excel-
lent under observation,
although there was
some reversion to old
habits when the ampu-
tee was not under su-
pervision. Pelvic hike
was particularly per-

Fig. 17. Case 6. New
prosthesis, with ischial-
gluteal weight-bearing.

Fig. 18. Case 6. Shape of socket of new prosthesis

sistent. Those habits which were depend-
ent on fit and alignment, including ab-
ducted gait, were gradually eliminated.

Summary

Problems studied included stump changes,
particularly at the large adductor roll, adap-
tation to suction suspension, adaptation to
ischial weight-bearing, and gait faults. Boils
and folliculitis did not recur during the process
of treatment.

Reduction of the large adductor roll formed
in five years of weight-bearing in the crotch
with abducted gait required six months of
treatment. During this period there was some
edema owing to constriction of the proximal
third of the stump. Edema was reduced by
increasing the perimeters of the socket in this
region. Edema resulted again owing to con-
striction following hamstring hypertrophy.
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Relief for this development, the use of a
stiffer valve spring for increased positive pres-
sure in the stance phase, and a sponge-rubber
pad in the bottom of the socket cleared up the
edema.

There was periodic loss of suction following
stump shrinkage. The light subcutaneous
tissue could be distorted very little. As a result,
slight stump changes led to loss of suction.

Initially some lateral instability and re-
duced control of the prosthesis, probably
resulting from weakness of the gluteus medius,
was experienced. With adaptation to suction
suspension, there was increased stability and
control as the gluteus medius became stronger.
Adaptation was completed within the nine
months required to stabilize the stump. The
ischial tuberosity took more than nine months
to condition for weight-bearing, chiefly be-
cause of the lack of previous experience, the
light padding over the tuberosity, and the
especially sharp configuration of the bone.

CASE 8, MID-THIGH
History

Case 8, another male, was 42 years old,
measured 6 ft., and weighed 175 |b. His right
leg was amputated above the knee in Decem-
ber 1949 after a shotgun wound received in a
hunting accident approximately a year previ-
ously. He had had only one prosthesis since
amputation and was wearing it at the time he
was accepted by the Clinical Study in January
1954. Although the prosthesis provided suction
suspension, the components were conventional.
The patient was dissatisfied with the pros-
thesis primarily on the basis of poor fit, but he
felt that the alignment could be improved and
that such improvement might give him more
comfort and better function. He aso com-
plained of needlelike phantom pains in the ball
or sole of the "foot," with persistent tingling.

Examination and Evaluation

General physical examination was normal.
The stump was conical (Fig. 20), approxi-
mately 9 in. of femur remained below the
perineum, and about an inch of tissue covered
the end of the femur. Musculature of the stump
was firm, but there was retracted muscle on

the lateral side about2-1/2in. from the tip of
the femur. There was little subcutaneous fat.
On the posterior aspect of the stump at the
distal end was an inverted T-shaped scar, and
the distal end of the femur was sensitive to
pressure. X-ray showed a medioposterior spur
arising from the end of the femur, curving
upward, and tapering. There was edema and
brown discoloration at the end of the stump
(Fig. 21), and small follicular lesions were
evident in the areas contacting the anterior
and medial brims of the socket.

The prosthesis had a wooden socket rein-
forced with rawhide, a single-axis knee with
constant friction for swing-phase control, an
ankle providing plantar-dorsiflexion action,
and afoot with a single toe-break 5 in. anterior

Fig 19. Case 6. Condition of subject one year after
application of new prosthesis. Note reduced adductor
roll.
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Fig 20. Case 8 Stump
molded by tight fit.

to the ankle axis.
Weight was carried
through a roll of flesh
at thebrim of thesocket
(Fig. 22), and the am-
putee walked with a
wide-based gait owing
to crotch discomfort
and out-set of the foot.
Knee stability was ex-
cessive because of the
long forefoot and the
posterior position of the
knee axis, which fdl
approximately 1 in.
posterior to the tro-
chanter-ankle reference
line. The prosthesis was short, but this detail
was not too apparent since the ischial tuberos-
ity was1-1/2in.above the posterior brim of the
socket. Because of insufficient knee friction
and excessive kicker action, there was heavy
impact at the end of the swing phase, and there

Fig. 21. Case 8. Socket shape of original prosthesis.
Note edema and brown discoloration at the end of the
stump.

was whip during the swing phase, probably
owing to muscle activity within the socket
and to the vigorous stump action required to
break the prosthetic knee at the end of the
stance phase. Rotation at heel contact was due
to excessive stiffness of the plantar-flexion
bumper.

Problems of interest to the Clinical Study
included the edema en-
countered with use of
suction suspension, skin
infections, the adduc-
tor roll, the time and
circumstances involved
in conditioning the am-
putee to ischial-gluteal
weight-bearing, and
gait training.

Treatment
Reduction of the ede-
ma required reduced

constriction of the prox-
imal third of the stump
through provision of
ischial-gluteal weight-
bearing, extension of
the anterior wall above
the level of the ischial
seat, and closefit of the
distal two thirds of the
stump. Reduction of
pressure on the prox-
imal end of the stump
from the superior brim
of the socket was re-
quired to clear up skin
infections. At the same
time, snug fit, with ad-
duction of the femur in
the socket to relax the
adductors, was required
for reduction of the adductor roll. Improved
fit and alignment, with training, were planned
to correct gait faults.

The amputee was provided with a suction-
socket prosthesis which included a single-axis
knee with constant-friction swing-phase con-
trol, a plantar-dorsiflexion ankle, and a foot
with a single toe-break. Segments were of wood,

Fig. 22. Case 8. Orig-

inal  prosthesis. Plug
fit, with roll formation
over the socket brim.
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reinforced with plastic laminate. The extensor
channel was held shallow and flared minimally
at the brim to increase gluteal weight-bearing,
since the amputee was not accustomed to
ischial weight-bearing. Xo relief was provided
for the adductor roll. The anterior wall of the
socket was slightly relieved over the area con-
tacting the femoral triangle (Fig. 23). The toe-
break was cut 5 in. anterior to the ankle axis
so as to coincide with the normal break of the
shoe. To increase knee stability in the initial
phase of the fitting, the knee axis was placed
3/4 in. behind the trochanter-ankle reference
line. Socket perimeters were 1-1/4 in. under
stump perimeters at the proximal end and
equal to stump perimeters at the level of the
distal two thirds. The distance between the
ischial tuberosity and the adductor longus
tendon was 3-3/4 in., the corresponding socket
dimension being 4-1/2in.

Evaluation following delivery of the pros-
thesis indicated that knee stability was exces-
sive owing to the long forefoot and the pos-
terior position of the knee axis. Training was
required to improve balance and cadence

Fig. 23. Case 8 Socket shape, new prosthesis

Fig. 24 Case 8 New
prosthesis. Note dimina-
tion of roll formation over
the brim of the socket.

symmetry and to over-
come the vaulting as
well as to reduce the
width of the walking
base. The ischial tuber-
osity was on the seat,
and there was no ra-
mus contact with the
medial brim of the sock-
et. The adductor roll
was contained in the
socket. Roll formation
over the anterior brim
of the socket was elim-
inated (Fig. 24).
Initially there was
some edema at the dis-
tal end of the stump
owing to constriction
proximally. Asthe flesh
roll reduced, constric-
tion and edema de-
creased, and finally
the edema cleared up.
After an illness which caused the patient
to lose considerable weight, the stump
settled deeper into the socket as the ischial
tuberosity dlipped inside. This circumstance
allowed the ramus to contact the medial brim
and caused the anterior and posterior brims to
constrict the stump. But because the some-
what conical shape of both stump and socket
maintained the snug fit over the entire stump
as the latter settled down into the socket, and
because, consequently, the pressure differential
between the proximal and distal portions of
the stump was not increased sufficiently, edema
did not recur. Nevertheless, ramus discomfort
decreased activity on the prosthesis. The prob-
lem was eliminated with provision of a new
socket.

Follicular lesions cleared up with effective
ischial-gluteal weight-bearing but recurred
when ischial support was decreased following



