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FOREWORD

Seme two years ago | had the pleasure of writing a
foreword o the publication, “hmnmdiste Postturgical
Prosthetics in the Mavagement of Lowsr Bxtremity
Amputecs,” under the authorship of Burgess, Traud,
and Wiken. Thai handbook, published m 1967 and
soid by the Supesintendent of Docurments, ks been ex-
coedingly well received. The demand for that publi-
zation s indieative of the interest shown by clinicians
in these rolatively pow procedures, Undoubtedly, this
new publication, reflecting the additional experence
and insights gained by the Prosthetics Research Study
tu Seattle, funded through the VA Hospital in Seattle,
will have a still greater impact on clinical practice.

This new monograph is much more comprehonsive
than its predecessor. A “how to do 1t approach is
utilized for all the sequences involved. Tiustrations are
abundantly used to facilitate the reader's understand-
ing of the varicus procedures deseribed. The decision
of the authors to vepeat certain sequences in each of
the chapters dealing with the various levels of ampu-
tadons eliminates the need for the reader to refex con-
stantly to different parts of the book. Bach chapter can
thus serve as a ready reference for a given level of
amputation.

A well-described and Slusuated presentation on im-
mediate postsargical prosthetier management i3 ohe
viowsly ot enocugh to asore that the amputes derives
the maximum advantages which these techniques ran
aftard, As Dr. Burgess stutes, the procedures are not
technivally difficalt, but precision iz essential. Though
somewhat differont technigues formerly used by the
Seatle group or other methods employed by other
groups i this oountry or abrosd have achieved gratify-
mg suceess, the refined procedures desoribed In this
besok have been found fo be highly effective If followed
without deviation,

Participation I one of the training programs now
offered at New York University, UCLA, and North-
western University 15 recommmonded for clinicians wlio

wish to undertake these procedmres. There must be
an effective relationship among the several disciplines
copcarned with amputes rehabiiitation: the contriba.
tions of trained prosihetists are particulardy desiralde.
Finally, and perhaps of most importance, the respon.
sibifity of the surgeon cannot end with the skififul and
meticnlous amputation of a Hmb., He must follow the
progress of his paticnd at Jeast umidl optimum rehabifi-
tation is achicved.

It is heartening that many groups, both in the Vet
erans Administrztion and in the medical comspunity
generaily, have been successfully using immediate ane
carly postsurgical prosthetic Htting technigues. The
Cormittee on Prosthetics Research and Development,
National Research Council, has heen very helpful in
facilitating the exchange of research and clinical in.
formation on this as well as many other prosthetics
problems. The specialized courses at the three univer
sities with prosthetics education programs have made
it possible for clinicians to acruire systematic instruc-
tion in these procedures. This now publication should
serve as & reference source in the same maaner as did
the April 1987 manual,

We know that a great amonuut of offort on the part
of the Seattle Prosthetics Research Study went into the
preparation of this bonk. CGur Aincere appreciation goes
not only to Dy, Braost M. Burgess, Dr, Robwrt 1. Reo-
mano, Mr. Joseph . Zett], and their colleagues of
the Prosthetics Research Study, but 1o the DHroctor
and his staff of the VA Hospital in Seattle.

ROBERT E. STEWARY, DS
Director

Prosthetic and Scmsory Alds Service
Drepartment of Medicine and Surgery
Veterans Administration

Washington, DO
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PREFACE

Widespread and growing interest in amputation
surgery ansd substantial improvement in the Inmnediate
Postsurgical Prosthetic Fiuing technique prompt the
preparation of a major revized manual less than two
years after fts first appearance. Reports from through-
out the world now include an experience pumbering
seeeral thousand cases. Although widely varying de-
rees of sucvess are being recorded, the technique con-
tinrmes o gadn rapkd acceptance.

The additional knowledge gained from analysts of
accumulating experience together with the greater
understanding gleaned from the very high mumber of
suceessfuad cases and indeed from the relatively few
failures has stimulated the preparation of this new
book. The many advaniages of immediate postsurgical

prosthetic management in amputee rehabilitation jus-
tify the high hopes of Lts propopents.

The methnd B not techoically diffioult, but it is gre-
¢ise. The stabes to the amputze are high. It is neces-
sary to naderstandd and correctly apply each stage of
care i the fell potential for improved amputee reha-
bifitation & 1o be vealized.

We have attermpted to cutline specifically each as-
pect of this care, Careful attention o detail will be
rewarded by prompt amd maximum restoration of
{unection.

ERNEST M. BURGESS, MD.
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CHAPTER 1

The PRS Management of Amputations

I. HISTORY AND RATIONALE

It has long been recognized that mature wound
healing in a lower-extremity amputation is not a pre-
requisite to fitting of a prosthetic device. For many
years the early application of a temporary or interim
prosthesis has been used to observe prosthetic toler-
ance in patients with questionable systemic compe-
tence or local stump health. Often inadequate, these
trial limbs have not accomplished the intended purpose.

The concept of fitting patients with prostheses im-
mediately after surgery and initiating ambulation train-
ing the following day or two originated with Berlemont
in the late fifties. Berlemont’s procedure was modified
by Weiss (18) who discussed it at a lecture given at the
Sixth International Prosthetics Course in Copenhagen
in July 1963, A visit by Weiss to the United States later
that year stimulated interest at the University of Cali-
fornia Medical School, San I'rancisco, and at the
U.S. Naval Hospital, Oakland, California. Promising
results obtained at these institutions prompted the Vet-
erans Administration’s Prosthetic and Sensory Aids
Service to support an experimental program proposed
by the Prosthetics Research Study (PRS) in Seattle,
Washington. This research study has now been en-
larged to include additional Veterans Administration
Centers,

This manual is based on the PRS experience dating
from May 1964 now totaling 280 unselected closed
lower-extremity amputations fitted with immediate
prostheses at the completion of surgery (Fig. 1, 2, 3,
and 4). An additional number of open amputations
and several upper-extremity patients have been simi-
larly treated. The reasons for surgery and the age of
the patients are shown in Table 1.

Early in our study it became evident that immediate
postsurgical prosthetic fitting involved more than a
single technical addition to our then current amputa-
tion-prosthetic mapagement. A fofal system of amputee

Ficure |.-—Immediate postsurgical prosthesis for the hip-
disarticulation amputation.

care has developed beginning with preoperative eval-
uation and continuing through definitive limb fit. The
concept and rationale of this radical departure from
conventional management fall into the following four
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Ficure 2.—Immediate postsurgical prosthesis for the above-
knee amputation.

general categories: A. Wound Healing, B. Ambulation,
C. Surgical Technique and Level of Amputation, and
D. Psychological.

A. WOUND HEALING

By definition an amputation transects all extremity
tissues; the wound is therefore terminal. This circum-
stance permits total emphasis on the local nature of
wound healing. Since no tissue exists distal to the

Ficure 3.—Immediate postsurgical prosthesis for the below-
knee amputation.

amputation, the site of surgery thus becomes a unique
and ideal clinical laboratory for investigation of the
wound healing process. With constricting forces
avoided proximally, the amputation site can be sub-
jected to those optimum pressure gradients which will
control edema, support circulation, and minimize in-
flammatory reaction. This pressure can be intermittent
or constant. It can vary in degree relative to time.
When intermittent pressures are used, they can be
varied in both intensity and time frequency.

A rigid postsurgical dressing, i.e., prosthetic socket
applied to avoid proximal constriction and fixed in
its relationship to the stump, permits controlled pres-
sure. Interface materials with compression and/or dis-
placement qualities, including fluids and gases, allow
measurable pressure variations. Transducers placed
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Ficure 4
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Tasre L.—Distribution of Cases by Age and Etiology

| Vascular
with
| diabetes

Vascular

without | Infection | Sarcoma | post-trauma

diabetes

| Trauma and

Con- Other Total
complica- | genital

tions |
SR A ST e S SRS, S

. | . | |
0| 2 5 | 1 0 18
1 8 ‘ 14 3 | 0 | 28
16 3 33 | 2 | 0| 73
15 | 2 18 0 2 | 142
0 0 0 | 0 | 0| 19
32 | 15 70 | 16 | 2 | 280

| | .
within the initial socket can record pressure

Immediate postsurgical prosthesis for the Syme
amputation.

readings under varying circumstances of limb posi-
tion, time, and in special circumstances such as iso-
metric stump muscle activity and during ambulation
with partial weight bearing (Fig. 5, 6,and 7).

The rigid dressing provides tissue rest and increases
comfort. With appropriate terminal pressure and good
local tissue immobilization the amputee can move
about freely and comfortably in bed, in the chair, and
in assisted standing and walking. Nursing care is sim-
plified particularly in the older patients. Fear of pain
on movement is minimized. Active exercises of the
operated extremity further encourage fluid exchange
and improved nutrition. Local and systemic postopera-
tive complications are minimized.

Maturation of the amputation stump with favorable
stump shaping is influenced by the rigid immediate
postsurgical prosthesis (Fig. 8, 9, and 10). Here again
local pressure relationships are significant, Ultimately

Figure 5.—Pressure transducers on a (resh below-knee ampu-
tation stump.
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Ficure 8—Appearance of PRS below-knee stump at the
time of wound closure.

Ficure 9.—Same patient as in Figure 7, 11th postoperative
day, at initial cast change.

el = Ficure 10.—Appearance of stump, 18th postoperative day,
f"‘ P ey . at second cast change.
L ;

Ficure 7.—Biomechanical unit for recording pressure and
electrical muscle potential following amputation and imme-
diate postsurgical prosthetic fitting.
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stump shape and size are accomplished by a variety of
forees and Lssue responses. High in importance among
these forces s the pressure applied by the wial-con-
et definitive Emb. These pressures when applied
immediately postoperatively and conlinuing uninter-
ruptedly throughout the early weeks of healing hasten
siump  maturity, shaping,  and eventual  stump
stability.

B. AMBULATION

The wmmediate postsurgical prostheds permits earfy
upright bipedal stance and gait. Awareness of pregsure
and tension forces through the prosthesis to the body,
specifically the vemaining porgion of the extremity
eneased in the sigid initial sacket, aliows for continuiey
in proprioception. Both the actusl and visually
recovded Joss of the extremity are muted by tha patient’s
ability 1o stand on his “leg” One-leggedness §s thus to
some degree cirewmvented. As with wound healing,
the fresh arsputation stwnp presents i fertile labora-
tory for neuro-physislogicsl investigation. All of the
corapiex mechanisms of awareness in space, of position
and movement, of afferent “feed-in® derived from the
pressuves and tensions in the musculo-skeletal system
are laid bare to analysis when by amputation a large
sensory and motor organ has been suddenly ablated.
No oihor nenromusciaz disability, even tota! denerva-
tion of an extremity, can be likened 10 an amputation,
In all other circumatances tha Himb s shill “there” Fven
sthough functionless the patent may see it and fesi it
with other paris of his body,

As to mnbulation, the amount of weight permitted
through the carly dayvs of wound healing must be
individualized depending on many putientsurgical
factors to be outined later in this manual. The basic
coneept, however, of early or inumediare posturgical
Rance with supported galt when possible, seems a
seasonable thesis from the standpoint of fotal patient
rchabilitagion,

€. SURGICAL TECHNIQUE AND
LEVEL OF AMPUTATION

In an era of unparalielud srgical progros, amputas
tions have been to a large imeasare neglected. Surguons
ean take fittle credit Zon the improved rehabilitation of
the amputee. Spectacular improvements in prosthietics
tayether with attentive postsusgical therapy are larzely
responsible for upgraded ampotec care. [mymediate
postsurgical fiting has forably broughi to the attention

of the surgeon the need for thoughiful planning and
precise tectinigue. Reconstruction and rehabilitation
become an intringic part of the operative technique.
The vital necessity of kree salvags whenever pos
sible; the advantages 1o both the patient and the
prosthetist in the surgical ereation of a “dynamic”
staanp; the need for plastc managersent of the tissuss,
particularly the skin; the lmportance of proper
mechanical preparation of the bone; the stabilization
of trarsected muscles and treatment of sectioned
nerves; ol of these surglcal comsiderations become
srgent when the surgeon Is invelved in the immediate
fitting of a prosthetic device. The kindling of swrgical
interest in this statistically hoportant aes goss hand
in hand with immediate postsurgical fitting manage-
ment. This is further translated o greater intorest in
b substitotes on the part of the surgeon, an area of
vast ighorance among many who perform the ampu-
tation. Under this plan of treatiment, amputation
surgery becomes plastic surgery as well as reconstruce-
tive surgery. 1f only a small yortion of the interest and
energy being devoted to limb selvage in the ischemic
extrennity will be directed to ampuiation, spectacular
surgieal advances in thic field can be anticipated.

1 PSYCHOLOGICAL

Intangible but definite psvchological banefits should
result from immediate postsurgical prosthetic fitting
with ambulation. Prior to surgery in elsctive amputa-
tions, the patient can be told that he will be “up the
next day or 9o and on his feet,” A hopeful rather than
negetive appreach to surgery i thus accomplished.
Most eloctive surgery comnotes a state of improved
phyzical wel being. The towmily destructive nature of
an amputation confronts the patient with iveparable
psychological disaster in mapy instances. This is par-
tienlarly noted wmong older people who, looking at
their fow remaining years, aze concerned acutely about
hetplessness and dependency. The rapld transition from
hmb loss 1o function bespeaks hape. This motivation
can make the diffierence betwen effective rehahilitation
arsl failure,

1. GENERAL PRINCIPLES

A LEVEL DETERMINATION

Apputation swrgery In the lower extremity is per-
formed iy the Western wordd for four major reasons:
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ischemia, revision of congenital deformities, trauma,
and to ablate tumor. Level selection in the last three
groups is not usually difficult. Here length is preserved
to the nearest level compatible with restoration of
function through prosthetic fitting and rehabilitation.
Generally speaking these major levels are Syme ampu-
tation, the below-knee amputation, knee disarticula-
tion, long above-knee amputation, short above-knee
amputation, hip disarticulation, and hemipelvectomy.
The decision as to level is made on the basis of skin
viability (as in trauma), or the proximity of tumor,
or other well-defined criteria. The problem of level
selection is usually not encountered in these three
groups.

In the first category, i.e., peripheral vascular disease,
there are no well-defined criteria for level selection.
This group makes up the vast majority (an estimated
80 percent) of amputations which are performed in
the lower extremity, yet few surgeons have firm con-
victions as to amputation level selection and there is
considerable disagreement in the surgical literature as
to adequate criteria for determining amputation level.
Significant improvements in below-knee prostheses and
advances in surgical and postsurgical management now
allow amputation below the knee in a majority of these
patients. In a consecutive series of 126 unselected
major lower-extremity amputations for peripheral vas-
cular disease—May 1964 through May 1969—we have
been able to obtain primary healing at below-knee level
in 86 percent. Once healed, the stumps remain healed.
With adequate prosthetic care, secondary breakdown
will seldom occur. It is difficult to overestimate the
great importance of the knee in amputee rehabilitation.
Especially is this true in the older, classical, ischemic
patient. Debility, weakness, impaired vision, poor bal-
ance, neuropathy, compromised circulation and func-
tion in the remaining lower limb, and chronic systemic
illness all emphasize the critical need to save the knee.
The older bilateral-leg amputee especially needs his
knees to approach the rehabilitation goal permitting a
reasonable degree of ambulation and self-sufficiency.
When coupled with below-knee amputations for con-
ditions other than ischemia this amputation thus be-
comes statistically by far the most important major
elective technique.

There is no single test or combination of tests now
available that will specifically demonstrate the lowest
effective amputation level in the ischemic limb, We
have repeatedly obtained successful below-knee ampu-
tations in patients whose arteriograms indicated com-

Ficure 1l.—Arteriogram in 73-year-old female with pe-
ripheral vasular disease. Two failed femoral popliteal ar-
terial bypass grafts 3 wecks preceding development of
gangrene, demarcating at lower third of leg.
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Ficure 12.—Healed below-knee amputation, same patient
as in Figure 11, on 29th postoperative day, at time of fitting
definitive prosthesis.

plete occlusion of the superficial femoral artery (Fig.
1 and 12).

A careful physical examination is the first requisite
in level determination. Tissue appearance, clinical as-
say of skin temperature, the presence or absence of
edema after elevation, growth of hair, sensation level
and acuity, together with palpation of pulses are all
important and cannot at present be supplanted by
laboratory data. Arteriography, plethysmography,
thermography, and a number of other objective deter-
minants are useful. These include skin mapping with
intra-arterial fluorescein, the use of radioactive xenon
#133, and transcutaneous Doppler recordings. Each
adds to the available information and assists in level
determination.

Old established guidelines for determining ampu-
tation level are not valid when weighed against our
recent experience. Unless it is clearly evident that a
through-knee or above-knee amputation will be re-
quired, the surgeon should prepare the leg for both
below-knee and above-knee amputation. Incisions
through the skin and muscle preparatory to below-knee
surgery can then be quickly carried out. Bleeding and
tissue viability can now be visualized directly and the
final decision made as to the level of amputation. Only
a few minutes are added to the operative time should
one elect a higher amputation.

B. SURGERY

An immediate postsurgical prosthesis can be sue-
cessfully applied following conventional amputations.
However, practically every aspect of surgical tech-
nique is now being reappraised in light of the imme-

356-593 0—69——2

diate postsurgerical prosthesis concept. This recent
interest has brought forth many significant departures
from generally accepted surgical practice. Research
continues in regard to levels of amputation, skin man-
agement, the stabilization of sectioned muscles, and
nerve and bone treatment. The surgical modifications
from conventional technique which have proven useful
are included in subsequent chapters.

C. MUSCLE STABILIZATION

It is our policy to stabilize surgically major tran-
sected muscle groups by suture to bone (myodesis) or
to each other (myoplasty) or by combining both
techniques. The advantages of muscle stabilization are
many. These include:

1. A more appropriate stump contour and shape,
i.e., a cylindrical rather than a conical or tapered
stump; one which functions as a more physiological
end-organ in the modern total-contact prosthetic
socket.

2. Improved circulation both to the muscle itself
and to the superficial tissues including the skin. This
improvement in circulation associated with adequate
muscle activity in the stump has been repeatedly re-
corded by objective measures.

3, Muscle stabilization under appropriate tension
tends to retain more effectively the neuromuscular
physiological unit. Intra-fusal neuromuscular activity
is specifically effected. The relationship of this surgical
restoration of effective afferentation through the stretch
reflex and the muscle servo makes for improved pro-
prioception in the stump end-organ.

Less well understood but clinically substantiated
benefits associated with muscle stabilization are a
reduction of both painful phantom sensations and
painful contractions of stump muscles during stance
and gait.

Contraindications to muscle stabilization both in
upper- and lower-extremity amputations include in-
fection in and about the site of amputation, severely
ischemic muscle, and other circumstances which would
mitigate against primary healing. Recommended tech-
niques in muscle stabilization will be described under
the chapters on specific amputations.

D. SPECIAL CONSIDERATIONS

I. CHILDREN AND ADOLESCENTS
The experience of the Seattle group with 31 children
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Ficure 13.—Immediate postsurgical prosthesis in knee dis-
articulation for congenital anomalies. Although shown,
substitution of a crutch tip for a prosthetic foot is not
recommended.

and adolescents using immediate postsurgical tech-
niques indicates the effectiveness of this management
in the younger age groups. We consider it the unques-
tionable method of choice for the growing individual.

Children from I to 5 Years of Age: The majority of
amputations in the preschool child are for the correc-
tion of congenital deformities, burns, tumor, or trauma.
As has been pointed out by Aitken (1) in his concise
writings on amputation levels in children, epiphyses
should be preserved and maximum length retained.
In effect then, most amputations are preferably through
or immediately adjacent to joints. In general, these
children heal rapidly with conventional management,
definitive limbs can be fitted promptly, and gait pat-
terns can be developed naturally if adequate prostheses
are provided.

Immediate postsurgical prosthetic fitting is less crit-
ical for these young children than for older patients.
Its specific values for juveniles lie in the immediate
postsurgical degree of comfort it offers; the ease and
convenience of management, since no dressings are
required prior to removal of the initial cast; and the
small amount of postoperative nursing care necessary.
In our experience these children feel very little pain
and ambulate promptly, often without support. Under
normal circumstances one can anticipate rapid heal-
ing, prompt maturation of the stump, and early de-
finitive limb fit (Fig. 13).

An interesting observation made both by ourselves
and others is the occasional unawareness of limb loss
on the child’s part until the cast and drassings are
removed and he can actually see that part of his ex-

Ficure 14.—Immediate posturgical prosthesis in knee dis-
articulation for congenital anomalies.
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15.—Hip disarticulation for osteogenic sarcoma of
proximal femur.

sity has been amputated. Hence, fairly heavy seda-

basal anesthesia, or, in unusual circumstances, a
t anesthetic may be advisable at the time of initial
change, 10 to 14 days after surgery.

Lhildren from 6 to 14 Years of Age: As with
ager children, the preadolescent child amputee
responded remarkably well to immediate post-

gical prosthetic fitting (Fig. 14). Postoperative pain

d apprehension are slight, activity levels are resumed

penptly with the temporary limb, stump healing and
turation proceed uneventfully, and time loss from
¢hool and home is minimal. Cast changes are accom-
hed with analgesics only, and usually on an out-
jent basis. The child, and even more specifically
family, seem to benefit psychologically from the

y resumption of ambulation and recovery of activi-

ties. We have encountered no real problems in gait
following conversion from the temporary to the defini-
tive limb.

Children from 14 to 21 Years of Age: Immediate
postsurgical prosthetic fitting has perhaps its greatest
application to the adolescent amputee. Limb loss in
this age group generally results from trauma or neo-
plasm. The catastrophic effect of such loss on both
the patient and his family is softened by the relative
comfort and immediate mobiity provided by the
technique.

In the case of malignant neoplasm, no lingering
doubt remains in the youth's mind as to whether or
not he is going to be fitted with a limb or will have
to wait “to see how things come out.” His limb is fitted
upon completion of surgery, and his rehabilitation
begins at once.

The difficult questioning days following amputation
for osteogenic sarcoma are made easier when the
patient is up and about walking, wearing a limb, and
planning for the future (Fig. 15). Some of the teen-
agers in this program have been back participating
in sports a few weeks after an above-knee amputation
for malignancy. Even though life expectancy may be
but a question of months, these postamputation days
are easier with an artificial limb and attendant rapid
progression to tolerated activity levels.

As with other reconstructive surgery in children, an
amputation must anticipate growth and adult life. Ex-
pected growth must be calculated as accurately, for
example, as in surgery for unequal leg length. A strong,
stable stump must be achieved if normal activity levels
are to be approached. In our experience, muscle stabi-
lization in the young amputee (myoplasty and/or
myodesis) is particularly effective in retaining dynamic
muscle function. Proprioception seems to be enhanced
when stump muscles are active under physiological
tension, Scientific documentation of this clinical ob-
servation is not yet fully established (Fig. 16). Never-
theless, clinical evaluation substantiates, particularly
in the growing individual, the proprioceptive value of
stump muscle activity.

Tibiofibular stabilization in the below-knee amputee
is also of particular value in the young person. While
tibiofibular synostosis is not applicable to all children
requiring below-knee amputations, its use under ap-
propriate circumstances will increase the stability,
strength, and weight tolerance of the stump. In our
series, tibiofibular synostosis has been performed in
three cases where amputation was carried out through
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Fioure 16.—Instrumented pylon for measuring knee mo-
ments, used in conjunction with myographic and pressure
recordings.

the diaphyses of the long bones. We have not yet
precisely defined the preferred surgical technique, but
at this time suggest side transfer of the distal fibula
into the distal tibia rather than bone graft bridge or
periosteal sleeve.

2. TIBIOFIBULAR SYNOSTOSIS

When the tibia and fibula can be joined by bone
growth in below-knee amputation, a stronger stump is
produced, In the older amputee this is of academic
value only since most of these patients are not called
upon to do prolonged standing, walking, or heavy use
involving the lower extremities, We have encountered
no difficulty with pain nor bursa formation over the
fibula when it has been amputated at the appropriate
level in relation to the tibia. In children and young
adults when surgical circumstances permit and local
circulation is adequate, a synostosis between the tibia
and fibula using either the osteoperiosteal sleeve
(Murdoch technique) or side transplantation of the
distal tibia into the fibula, Care must be taken to avoid
bone projections and irregularity of the contour of
the stump resulting from an attempt to obtain a
Synostosis,

3. SurcicAL IMPLANTS

Through the work of Swanson and others (17)
there has been considerable recent interest in inert
surgical implants in the form of intramedullary plugs
designed to provide a more effective end-bearing
stump. The amount of foreign material required is
quite extensive but progress in the implant surgical
field is great and some implant techniques may be-
come standard in the near future. At this time we
consider surgical implants primarily in the experimen-
tal stage of development,

4. OPEN AMPUTATIONS

A number of open amputations have been treated
by the immediate postsurgical prosthetic management.
Skin flaps are left long conserving all viable skin and
soft tissues rather than perform the classical circular
guillotine amputation. The terminal wound is packed
open lightly and the rigid dressing is applied. The
patient may be permitted ambulation with the initial
prosthesis but weight bearing is restricted by the na-
ture of the open wound. Secondary closure and/or re-
vision-reamputation may be carried out at the ap-
propriate time and changes of rigid dressing planned
accordingly (Fig. 17, 18, and 19). The beneficial ef-
fects of compression, immobilization, and gentle pres-
sure stimulate early healing in open amputation man-
agement of this type. When skin flaps are short

Ficure 17.—Compound fractures, complicated by gas gang-
rene requiring amputation due to ischemia of foot.
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Ficure 18.—Same patient as in Figure 17 following open
amputation with long skin flap and immediate postsurgical
prosthesis,

following guillotine or open amputation, it may be nec-
essary in an occasional case to resort to traction to ob-
tain maximum stump length. The immediate postsur-
gical system of management is not applicable to cases
requiring continuous skin traction.

A number of military hospitals have been using
immediate postsurgical prostheses after revision of open
infected amputations. Skin and soft tissues are fash-
ioned in a manner to allow closure by secondary intent,
subsequent revision, or delayed primary closure. The
patient is ambulated with minimal weight bearing and
the immediate postoperative management will be
determined by the nature of the amputation, If skin
traction is necessary to prevent retraction and main-
tain a desired stump length the immediate prosthesis

is not applicable.

Ficure 19.—Same patient as in Figures 17 and 18. Appear-
ance of stump 7 weeks following initial amputation with
subsequent secondary closure. Continuous wound support
with immediate postsurgical management. Definitive
prosthesis on 50th postoperative day.

5. Upper ExtREMITY

The upper extremity can effectively accept an im-
mediate postsurgical prosthetic dressing fitted with a
functional terminal unit. We have fitted a number of
cases, both below-elbow and above-clbow types. While
its application to the upper extremity is limited, in
bilateral lesions and occasionally in the unilateral case
one can find this technique most advantageous both
from the standpoint of stump contour, infection con-
trol, and early rehabilitation (Fig. 20).

Fioure 20.—Immediate postsurgical prosthesis fitted to
below-elbow amputation for trauma, Appearance on 13th
postoperative day.
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Ficure 21.—Failed vascular reconstructive surgery, trans-
metatarsal amputation with gangrene on 73-year-old female.

6. FAILED VASCULAR SURGERY

Forty-five lower-extremity amputations have been
performed in patients with ischemia who have had
previous vascular reconstruction surgery. In some in-
stances the vascular reconstruction has permitted
amputation at a lower level than would otherwise
have been anticipated. More often, the failed recon-
struction has resulted in_ proximal extension of the
ischemia (gangrene) and a higher amputation level.
The Prosthetics Research Study is preparing a detailed
analysis of lower-extremity amputations following
failed vascular reconstruction. It is not appropriate to
include all of these data here. In general, however,
the same principles regarding amputation level,
amputation technique, and immediate postsurgical
prosthetic management apply as with the nonrecon-
structive case. Skin incisions may require variation due
to previously placed incisions for the vascular surgical
procedures. Immediate postsurgical prosthetic man-
agement has been gratifying and is specifically indi-

Ficure 22.—Same patient as in Figure 21, 38 days following
below-knee amputation, at the time of fitting definitive
prosthesis,

cated in amputations for failed vascular reconstruction
(Fig. 21 and 22).

lll. PREOPERATIVE PREPARATION
OF THE PATIENT

The patient is brought to optimum preoperative
metabolic status without undue delay which could
compromise the amputation level. Sepsis, when pres-
ent, is controlled by adequate open drainage and anti-
biotic therapy. Refrigeration of the extremity is
avoided. We believe it can devitalize tissue proximally
and may necessitate amputation at a higher level.

Hexachlorophene soap skin cleansing is begun three
or more days prior to surgery, if possible. When
“prophylactic” antibiotics are to be given to a patient
who is not septic but in whom a focus of infection is
present, they are preferably started prior to surgery
according to modern concepts of prophylaxis.

The patient is psychologically prepared for a hopeful
postoperative course. A visit preoperatively by an am-
putee who has made a successful transition to an active
life can be useful. This is especially important in chil-
dren and adolescents. Care is taken, however, not to
give the impression that rehabilitation will be easy and
effortless. Patient cooperation and motivation are
essential to success.

The responsibility of the physical therapist begins
prior to surgery and quickly becomes central to the
success of the patient’s rehabilitation. Once the patient
1s able to stand on the initial prosthesis, the therapist
will supervise progressive daily rehabilitation. Alert-
ness on the part of the therapist and a willingness to
communicate observations to the surgeon and to the
prosthetist aré essential to the success of the program.

When possible preoperatively, the therapist should
begin to know and understand the patient; they will
be working closely together after surgery. The thera-
pist must work to bring the patient’s upper extremity,
back, and hip strength to a level which will allow self-
support during the postoperative ambulation. This
may be a challenging problem when the patient has
been restricted to bed for several weeks prior to sur-
gery. Practice on crutches and in the parallel bars is
helpful.

Maximum range of joint motion must be main-
tained. The prevention of hip flexion and adduction

“contractures in the above-knee amputee and of hip

and knee flexion contractures in the below-knee am-
putee is essential for a satisfactory gait pattern with
a prosthesis.
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CHAPTER 2
2 Below-Knee Amputation

Il.  PREOPERATIVE INSTRUCTIONS
TO THE PROSTHETIST

1. When notified by the surgeon, obtain from him
necessary information required and available at this

a. Side of amputation,

b. Proposed level of amputation if this informa-
1 is available.

c. Any additional physical defects of the patient
sch might restrict or limit movement and/or weight
ring and ambulation activities.

d. Any existing or permanent flexion contractures.

2. Talk to the patient, explain your role, what you
Smtend to do, and what is expected of him. He may be

prehensive and anxious; don’t make him more so.
the advantages to be derived from an imme-
e postsurgical prosthesis and from well-fitting pros-
ses, generally.
3. Consider any physical defect and /or flexion con-
ctures noted by the surgeon which would influ-
mee casting and /or alignment of the prosthetic unit.
4. Take measurements for suspension waist belt.
3. Note approximate size of reticulated polyure-
me distal pad required (3, 4, 5, or 6 in.). This in-
srface material must be sterilized before application
surgery.
The pressure developed on the soft tissues of the
mp by the rigid dressing clearly has been benefi-
=al to wound healing and stump maturation. The sup-
porting evidence is present in the clinical results of
the PRS. In addition, direct laboratory measurements
of the pressure developed between stump and rigid
gressing show it to be within physiologic range. In
msence, the rigid dressing markedly limits the develop-
ent of postsurgical edema, thus improving circula-
Son and promoting wound healing.
Some means of distributing pressures over the end

of the stump during weight bearing is required. From
the beginning of this study an ideal interface material
for use between stump and socket was sought. It should
be compressible, unaffected by fluids draining through
from the wound, nonirritant to skin and able to be
sterilized.

Fluffed gauze, lambs wool, Stryker gel, foam rubber,
various grades of steel and brass wools, and RTV
(room-temperature vulcanized silicone rubber) per-
forated foam pads were used and evaluated clinically.
All of these materials, while reasonably effective when
properly applied, failed to meet our specifications.
Some retained fluids, some became hard and incom-
pressible, others created heat and were nonabsorbent,
and some were irritating to the sk'n during ambulation.

At present the most suitable material is the pre-
formed, reticulated polyurethane distal pad, 20 pores
per inch. This material permits fluids to pass through
freely while retaining its original elasticity for an un-
limited time. It is nonirritating, inexpensive, and can
be steam or gas sterilized.

6. Note approximate size of Orlon Lycra stump
sock required. The stump sock selection chart (Table
2) represents standard sizes which have been specifi-
cally designed and developed for immediate postsur-
gical prosthetic fitting. These sizes are sufficient for all
applications. If a special size should be required, it
can be ordered from the manufacturer by giving spe-
cific details, then allowing a reasonable amount of
time for knitting and delivery.

The physical characteristics of the material are:
Three-ply weight
Orlon acrylic  95.25 percent
Lycra Spandex 4.75 percent
Modified box toe
Fleecy, both inside and outside
Packaging: Each stump sock is pre-rolled for correct
application and enclosed in a sealed polyethylene bag.

13
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TABLE 2.—Orlon Lycra Stump Sock Selection Chart

ommended for American Sterilizer Company Gas
Autoclaves only. Should another system be used, local

T

Stump Syme, small Syme AK, large Hip
size BK, small BK, small BK, med. BK, large disarticulation
R BE, small BE, small AE, small AK, small Hctmpclves:ton_ly
Stump BE, med. BE, med. AE, med. AE, large Shoulder disartic.
sock Forequarter
Top width, in................. 5 6 8 9
Toe width, in................. 3-1/2 5 6 7
Length,in.................... 14 18 18 18 18
There are four stump socks per carton. These are IR LT e
shipped nonsterile by the manufacturer and must be k1
gas autoclaved before using. It is recommended that ! \
the socks be double wrapped to meet hospital standards. I 278
Recommended Sterilization Procedure for Orlon/ 7;3 [ |
Lycra Stump Socks: The following procedure is rec- . L 11T _T
.
|
1

assistance should be obtained to determine proper
procedure. DO NOT USE STEAM AUTOCLAVE!
This will result in stump sock shrinkage and loss of
elasticity in the material.

a. Autoclave setting: Temperature—130° F. Pres-
sure—15 p.s.i. (regular) to 5 p.si. (plastic). Initial
vacuum—20 in. of mercury. Humidity—30-50 per-
cent. Jacket steam pressure—3 Ib.

b. Stertlant used: Oxyfume sterilant 12

c. Orlon Lycra stump socks are sterilized in large
lots at 130° F. with 7 p.s.i. pressure, with a 570 sterilant
concentration for 6 hours.

d. Aeration time: 24 hours.

e. Each article is individually packaged in poly-
ethylene bags to avoid storage contamination.

Il. PREOPERATIVE PREPARATIONS
BY THE PROSTHETIST OF MATERIALS
AND COMPONENTS

1. Select a left or right set of appropriate felt relief
pads made from medium hard felt (Fig. 23).

Note: Currently, efforts are being made to replace
the felt relief pads with compressed reticulated poly-
urethane which can be steam or gas autoclaved. The
shape of the relief pads will remain as shown.

2. Fabricate the waist belt with elastic suspension
straps.

le— 3-7/16 ——————— v

4
1 | ..
\ 12 9/16
—— §

" Tae
PATELLAR-PAD—RIGHT AND LEFT

} 4-92 L
378
\ 1 )
-
1 10
MEDIAL PAD LATERAL PAD
FOR LEFT RIGHT OR LEFT
LA 14 | OHT OR LEF
APPROX*{1-1/8 e = 1-1/8 f=APPROX
)
\. w,
2-114 —» | 2-Y4 —f
"\ 3/8 NOMINAL(
o> t

Fioure 23.—Lateral and medial pads beveled and skived
for use on left stump.
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3. Select and assemble an appropriate adjustable of protruding parts. The unit should provide the fol-

rosthetic unit and pylon (Fig. 24). The ideal below-  lowing adjustment capabilities:
nee unit is compact, lightweight, durable, and free a. Angular adjustments of flexion-extension, ad-

BELOW-KNEE ADJUSTABLE PROSTHESIS

-31) Socket Attachment
Straps

-32) Tube and Foot
Attachment Flug

-33) Metal Hose Clamp

~-35) Anterior-Posterior Slide
Flate and Detachable
Socket Attachment

-35A) Thumb Screw

-36) Wedge Disks

-37) Combination Base Flug
and Medial-Lateral
Slide Plate

9/16 Hex Nut and
Washer

Windows

Central Bolt
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duction-abduction (tilt), or a combination of the two.

b. Horizontal adjustments in the mediolateral and
anteroposterior planes (slide), or a combination of
the two.

c. Length adjustment of the shank (pylon).

d. Toe-in and toe-out adjustment for the pros-
thetic foot.

e. Simple quick disconnect feature, allowing the
pylon to be easily removed from and reattached to the
cast socket without loss of alignment.

With reasonable care and by following the text in
attaching the prosthetic unit, few, if any, static or
dynamic alignment adjustments will be required.
Three-quarters of an inch horizontal and 10 deg. of
angular adjustments are most adequate especially if
reduced weight of the unit can be obtained.

Note: While there are various prosthetic units avail-
able incorporating the above mentioned features, for
the sake of brevity we limit the demonstrations to the
VA Prosthetics Center and U.S. Manufacturing Com-
pany prosthetic units.

4. Obtain a shoe from the patient prior to surgery
and fit a SACH foot to it. If the patient is unable to
furnish a shoe or if the shoe should be unsatisfactory
for proper fitting and alignment, a Kingsley Immediate
Postsurgical SACH foot is selected. A neoprene rubber
heel can be glued to a conventional SACH foot to
level it in order to achieve proper static and dynamic
alignment of the prosthesis when the patient stands.

5. Assemble components and materials required
for the below-knee rigid dressing application (Fig. 25)
(See Appendix B for List of Suppliers) :

a. Sterile interface material (reticulated polyure-
thane distal pad)

b. Sterile Orlon Lycra stump sock

c. Felt or polyurethane relief pads, right or left

d. Standard below-knee suspension belt

e. Prosthetic unit, tubing, and hose clamp to
form immediate prosthesis pylon

f. Immediate postsurgical SACH foot with bolt

g. Dow Corning Medical Adhesive Spray, Type B

h. 2 rolls of 4 in. elastic plaster bandage

i. 6 plaster splints, 4 in. x 15 in., extra fast seiting

j- 2 rolls of 4 in. conventional plaster bandage,
extra fast setting

6. Assemble kit of tools required for fitting prosthe-
sis immediately after surgery (Fig. 26). All tools, ex-
cept stainless steel tools, have been stripped, polished,
and chromed to allow for repeated sterilization when
required.

a. Straightedge
b. Tube cutter
c. Metal shears

Ficure 25

d. Common screwdriver

e. 8¢ in Allen wrench and 34 in. Allen wrench
brazed together

f. 344 in. Allen wrench for VAPC unit

g. 9¢ in. open end wrench (for use with newer
model prosthetic unit) .

h. Pliers

1. Bandage scissors

j- Scalpel and/or skiving knife

k. Indelible pencil

Ill. THE BELOW-KNEE AMPUTATION
SURGERY

A. THE PREPARATION

The anesthetic is chosen by the anesthesiologist in
consultation with the patient and the surgeon.

If the extremity has infected areas or draining
sinuses, the infected area is isolated with adhesive skin
drape prior to the immediate postoperative skin prep.

Ficure 26
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A pneumatic tourniquet is placed loosely on the
thigh for use only when blood supply is adequate. If
the blood supply is marginal or if the patient has shown
a thrombotic diathesis, the tourniquet should not be
inflated.

The patient lies supine on the operating table with
the extremity draped free. A large adhesive plastic
drape is placed between the bottom and top cloth
drapes under the leg at the level of the amputation to
prevent contamination from below by blood and irriga-
tion fluid.

B. THE OPERATIVE PLAN

A 4 to 7 in. tibial length stump is desirable; the
shorter in patients with decreased arterial blood supply,
the longer in patients with adequate blood supply.
Total leg length will dictate optimum stump length
when the site can be elected. A 6 to 7 in. stump is
considered optimum for the average nonischemia
adult.

A long posterior musculocutaneous flap is planned
for patients with peripheral vascular disease since this
flap carries the better blood supply. The final wound
closure then will lie anteriorly.

However, any unusual variation may be used suc-
cessfully in order to utilize available healthy skin.
Position of the scar is not important due to improved
prosthetic techniques. The goal is a scar which is non-
adherent, nontender, and which will remain well
healed. Plastic skin closure principles must be followed.

C. THE INCISION

Using the long posterior flap technique, the anterior
incision is made transversely at a point just distal to
the desired level for tibial bone transection. It is car-
ried to the depth of the deep fascia and extended two-
thirds of the distance posteriorly on the calf on each
side. The incision anteriorly, therefore, is two thirds
circumferential.

The incision is next directed distal and slightly an-
terior on either side, a distance of | in. more than
the anteroposterior diameter of the calf at the level
of the anterior incision, usually about 5 inches. At this
point it is then directed posteriorly and the lateral and
medial incisions are joined, completing the incision
to the level of the fascia and forming the long posterior
flap. It must be remembered that excess skin can al-
ways be tailored but too short a flap requires higher

bone amputation. Hemostasis is obtained by fine vessel
clamps and ligature with the smallest appropriate
plain or chromic gut.

D. THE AMPUTATION

A large scalpel is used to transect the anterior tibial
and peroneal musculature at the level of the skin in-
cision. The section is carried to the level of the interos-
seus membrane where the neurovascular bundle is
identified. The vessels are clamped individually and
tied with chromic catgut. The anterior tibial nerve
in the neurovascular bundle and the superficial pero-
neal nerve are clamped and moderate traction is ap-
plied. They are circumferentially ligated with very
light suture as far proximal as possible and transected
high with a scalpel. They are then allowed to retract.

The periosteum of the tibia is cut sharply at the level
of the skin and gently elevated proximally about 1,
inch. Care must be taken to leave the combined perios-
teum-fascia layer intact for it is the sturdy tissue to
which the posterior musculature is sewn for muscle
stabilization,

The periosteumn of the tibia is then elevated posteri-
orly from side to side and a periosteal elevator is placed
directly behind the tibia. The tibia is then transected
with power or hand saw just proximal to the level of
the anterior skin incision. The anterior comner of the
cortex is removed obliquely from a point % in. proxi-
mal to the cut end and the bone edges are rounded
carefully with a fine rasp. Care is taken to smooth
medially and posteromedially on the bone end. The
bone is rounded rather than simply beveled.

The periosteum of the fibnla is elevated nroximally
and the fibula is transected !4 to %2 in. proximal to
the level of the tibia amputation. The use of a recipro-
cating power saw makes tne transection of tne noula
considerably easier and less traumatic to the surround-
ing tissue.

Some surgeons prefer sectioning the fibula first. The
stability provided by the intact tibia makes fibula
division easy. When power equipment is used, fibular
instability has not presented a problem.

The fibula is left somewhat longer than in previ-
ously described amputation techniques because the
modern total-contact socket depends upon the more
cylindrical, broad stump for rotatory stability. Except
in children and adolescents, no attempt is made to
gain tibiofibular bone bridging. Fibular instability has
not proven to be a significant problem in prosthetic
fit.
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The posterior muscle mass is now sharply and care-
fully freed from its attachments to the tibia and fibula
distally to the level of the posterior skin incision. The
posterior muscle mass is then divided with a large
scalpel or sharp amputation knife, taking care to pre-
serve the skin. The amputation is now complete and
the posterior musculocutaneous flap is now ready for
tailoring prior to stabilization.

E. THE POSTERIOR MUSCLE FLAP

Deepest in the muscle mass, and therefore most
superficial in the flap as it appears on the operating
table, are the tibialis posterior, flexor digitorum, and
flexor hallucis longus muscles which overlie the pos-
terior neurovascular bundle. These deep flexor mus-
cles are transected just distal to the level of the end of
the tibia and allowed to retract. Care is taken to
clamp, tie, and transect the vascular structures 1 in.
distal to the bone end. Bleeding from the plexus of
deep veins can be difficult to control if the vessels are
allowed to retract proximal to the sectioned bone prior
to being secured.

Gentle traction is placed on the deep nerves. They
are circumferentially ligated as far proximally as pos-
sible, cut sharply, and allowed to retract above bone
level, Treated in this way, painful neuromata have not
been a postoperative stump problem.

The posterior musculocutaneous flap is now
brought anteriorly up to determine its adequacy for
closure. In muscular patients without an atrophied
extremity, considerable tailoring and thinning of the
gastrocnemius-soleus group will be necessary. A sharp
amputation knife or a large scalpel blade is used to
taper the muscle flap from proximal to distal, and
medial-lateral, thus reducing the bulk at the end of
the stump to allow satisfactory closurc. The surgcon
should not hesitate to resect damaged or excess muscle
bulk following muscle stabilization and prior to skin
closure.

If a tourniquet is used, it is released before suturing
the myofascial flaps, and hemostasis is obtained with
as little additional tissue damage as possible.

F. MYODESIS OR MYOPLASTY

In the patient with severe peripheral vascular dis-
ease, muscle stabilization is accomplished by myoplasty
as just outlined. When present, avascular muscle is
excised. The posterior muscle flap is tapered maximally
leaving only a thin muscle flap posteriorly which is

brought forward and sutured with interrupted chromic
catgut sutures to the anterior tibial fascia and to tibial
and fibular periosteum.

The skin and superficial fascia are separated from
the posterior muscle flap for about ¥ in. to 1 in. from
the cut border in order to allow skin mobility for
closure. The anterior skin flap is gently freed for no
more than % to V2 in. anteriorly to facilitate the skin
closure.

With compromised blood supply, great care must
be taken to reduce to a minimum the amount of
tissue devitalized by sutures, hemostats, and forceps.
Cautery is not used. The use of mattress sutures is
kept to a minimum.

In patients with normal blood supply to the stump,
myodesis is combined with myoplasty for muscle stabi-
lization. Just proximal to the end of the tibia, 7, in.
drill holes or smaller are placed in the anterolateral and
posterior tibial cortex. Mattress sutures of chromic gut
or synthetic, nonabsorbable material are placed in
the muscle bellies at the anterior and posterior mus-
culature after distal traction is placed on the myo-
fascia. The sutures are tied to bone within the medul-
lary cavity using one drill hole for two sutures, taking
care to use a large round needle to avoid cutting sutures
previously placed. This completes the myodesis. A
myoplasty is then also carried out, tailoring and thin-
ning the posterior flap and suturing it to the anterior
fascia as described.

G. THE SKIN CLOSURE

The skin is closed without tension using interrupted
nonabsorbable monofilament sutures. The rigid plaster
dressing will support the skin postoperatively. The skin
flaps are tailored as the skin is closed since the amount
of skin prior to closure can be deceivingly large. Tailor-
ing prior to placement of the first skin sutures can
lead to excessive skin resection.

A medium or small Penrose drain is placed between
the muscle flap and the skin at the end of the skin
closure and is carried out through one end of the
incision. Care is taken to be sure that the drain is
freely movable so that it can be removed easily through
a small window in the cast 48 hours postoperatively.
The drain may be omitted in patients with minimal
circulation or with a dry wound at closure. The Pen-
rose drain is chosen in below-knee amputations because
its capillary action allows for more efficient drainage
under a rigid compression dressing than would the
suction tubing drainage.

apy
be :

sSect
vas
hea
allo

and
Skis
onl
not

anc
end
Ly¢
avo
asst
surg
able
thn




THE BELOW-KNEE AMPUTATION 19

Special care must be taken to obtain exact skin

apposition without tension. Often blood supply may

be adequate to permit skin healing but yet inadequate

fo sustain granulation tissue growth and allow
scondary epithelialization, Patients with peripheral

v disease may demonstrate delayed wound

healing or no wound healing at all if skin edges are

allowed to gap by imprecise wound closure.

The greatest emphasis must be placed upon precise

and gentle surgical technique during the procedure.

Skin must be handled as little as possible, retracted

gently with a finger or plastic hook retractor and

mot grasped with forceps.

An occlusive wound dressing such as silk or nylon,

and a small amount of fluffed gauze are placed on the

end of the stump over which is rolled the sterile Orlon

wera stump sock. The sock is carefully applied to Fioure 29.—Anterior incision approximately 42 in. below

avoid damage to the suture lines. The prosthetist then the ass.

assumes charge of application of the immediate post-

surgical prosthesis; if no qualified prosthetist is avail-

ble, the surgeon undertakes this procedure (Fig. 27

through 54).

Ficure 30.—Lateral extension of incision distally 5% in.

Y—

Fioure 28.—Schematic drawing of skin incision.
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Fioure 31.—Similar distal extension of incision on medial
side of leg,

Ficure 34.—Division of tibia and fibula with electric saw.

Ficure 35.—Reflexion of anterior structures prior to com-
pletion of amputation.

Ficure 33.—Dissection through anterolateral muscles to
intermuscular septum.

Ficure 36.—Removal of distal leg leaving long posterior
muscular tendon and skin flap.

Fict
m}
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Figure 41.—Myofascial flap contoured and tailored
to bring forward and suture anteriorly.

S8 —Beveling and meticulous rounding of distal
tibia.

Ficure 42.—Suture of musculotendonous flap to anterolateral
Fwure 39.—Ligation of deep nerves and vessels. deep fascia and periosteum over tibia.
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Fioure 43.—Same as Figure 42, lateral view. Note division

of saphenous nerve.

Fioure 44.—Myoplasty completed and
ready for skin closure.

Figure 46.—Same as Figure 45.

Ficure 47.—Final closure, lateral view, with drain in place.

Ficure 45.—Posterior skin flap brought forward and tailored
for plastic closure.
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Ficure 48.—Final closure, lateral view.

Ficure 49.—Final closure, medial view.

=

Ficure 50.—Relationship of skin closure to tibia and fibula.

Fioure 53.—Sterile Orlon Lycra stump sock is carefully
rolled onto stump.

456-603 0—60——3
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Ficure 54—Same as Figure 53.

IV. THE BELOW-KNEE
IMMEDIATE POSTSURGICAL PROSTHESIS

A. APPLICATION OF FELT (OR
POLYURETHANE) PRESSURE
RELIEF PADS

1. (a) The sterile Orlon Lycra stump sock is held
under firm tension with both hands by an assistant.
The hands should be placed on the anteroproximal
aspect of the thigh. The tension on the sock is
correct when the stump can be held suspended off
the operating table. This will also automatically place
the stump in a properly flexed attitude which varies
among individuals due to physical characteristics, pre-
vious trauma to the knee joint, and actual stump
length. On the average, between 5 and 15 deg. of knee
flexion is most desirable (Fig. 55).

(b) If no assistant is available, a simple adjust-
able shoulder suspension harness, which is interchange-

Ficure 55

able for right and left, can be substituted to achieve
the same result (Fig. 56).

Ficure 56

2. The felt (or polyurethane) relief pads which
come in a standard size, right and left, must be
trimmed, skived, and beveled in the appropriate areas
for individual needs.

(a) The medial felt relief pad is located with the
center of the posterior extension placed on the concave
apex of the medial tibial condylar flare (Fig. 57).

Ficure 57

Slide the pad anteriorly on the stump until the
beveled portion rests on the shaft of the tibia 4 in.
medial to the tibial crest throughout its length. Trim
the posterior extension of the felt pad so it will not
impinge on the hamstring tendons (Fig. 58). Skive
the area which has been trimmed.

The medial felt pad should extend distally 34 in.
beyond the cut end of the tibia. Care should be taken
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e
Froure 58
not to confuse the beginning of the bevel on the tibia
with the cut end of the bone. Cut the medial felt pad
w0 proper length and bevel the cut edge of the felt
th so that it will blend into the plaster wrap without
e causing ridges (Fig. 59).
as
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Ficure 59

(b) The lateral felt relief pad is placed opposite
the medial pad with the beveled portion located 4 in.
lateral to the tibial crest throughout its length. If the
relief pads have been applied correctly, they will relieve
the entire tibial tubercle and tibial crest. Cut and bevel
the lateral felt pad distally in the same manner as the
medial pad (Fig. 60).

Fioure 60



26 THE MANAGEMENT OF LOWER EXTREMITY AMPUTATIONS

Variation: It is frequently necessary to cut two
wedge-shaped pieces off the distal portion of the
relief pads distally to insure that an equal continuous
1, in, relief gap is maintained between the felt pads
through their entire length (Fig. 61, 62, and 63).

H

-

-

Figure 63 \

(c) The patellar felt relief pad is fitted. It must I|
cover the entire patella and is reskived to a fine |
feathered edge around its outer periphery whenever

trimming is indicated (Fig. 64). |

Ficure 62 Ficure 64
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(d) Maintaining continuous tension on the stump
sk, spray the backs of the felt relief pads and the
weeas of the stump sock on which they will be located
with Dow Corning Medical Adhesive, Type B (Fig.
#£5). Allow 5 seconds for the adhesive to become tacky.

il g,
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Ficure 66

Note: Polyurethane relief pads are provided with ad-
hesive backing. The protective paper is peeled off just
prior to application of the pads to the stump sock.

Reapply the relief pads exactly as outlined earlier.
Unvarying tension must be maintained on the stump
sock at this time and continuously thereafter until
the plaster has set or the pads will be displaced and
no longer serve their intended purpose.

Note: The ¥4 in. separation between the felt relief
pads takes into consideration also the slight migration
of the pads toward one another as the elastic plaster
bandage is being applied (Fig. 66). If the felt pads are
separated more than this, they will no longer function
as supports to bridge the plaster across the tibial crest
and will not relieve it from pressure. Skin damage over
the tibial crest may result.

3. A sterile reticulated polyurethane distal pad of
the proper size is selected and applied over the felt
relief pads to the distal end of the stump (Fig. 67).

Ficure 67

B. APPLICATION OF THE
RIGID DRESSING

1. For the initial wraps, elastic plaster bandage is
used rather than conventional plaster. When using an
elastic plaster bandage, the elasticity provides safe and
beneficial compression of the stump while conforming
well to its contours, providing a smooth rigid dressing.
Continuous tension must be maintained on the stump
sock until the plaster has hardened.

Wraps 1 and 2:

The wrap is always started on the distal lateral
aspect of the stump to avoid medial displacement of the
gastrocnemius muscle. Cover the proximal feathered
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edge of the polyurethane distal pad with the elastic

plaster bandage. Minimal tension is applied to the w
bandage with this circumferential wrap, clockwise for
a right stump and counterclockwise for a left stump (!1:
when viewed anteriorly (Fig. 68). sic
Ficure 70 :
Wrap 4: |
The fourth wrap is almost identical to wrap 3 ex- |
cept that now the bandage covers the distal CENTER |
of the stump (Fig. 71) (bandaging in the A-P plane |
Fioune 68 rather than circumferentially or diagonally).
; . : | W
One and three quarter circumferential turns will |
secure the felt relief pads and the polyurethane distal ' I
pad in place and anchor the elastic plaster to itself 2
W

(Fig. 69).

Ficure 71

The.direction of the wrap is altered anteriorly and
carried toward the lateral side of the stump (Fig. 72),
as if to resume circumferential wrapping.

Ficure 69 W
Wrap 3: o
The wrap is now at a point posterolaterally. Bring

it anteriorly up over the distal LATERAL portion of
the stump pulling the plaster bandage almost to its
limit of elasticity. At the anterior stump margin, re-
lease the tension and carry the wrap medially and then
posteriorly with only a light pull on the plaster (Fig.
70). Ficure 72
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fifth turn is brought anteriorly up over the
#a! MEDIAL aspect with the same controlled ten-
w0 the bandage (Fig. 73).

Fioure 73

w achieve desired cast strength, a second diagonal
«r of elastic plaster bandage is applied by repeating
85 (Fig. 74). . .

Ficure 74

p 7:

. .. followed by wrap 4, again altering the direction

the wrap medially. This will cover the distal CEN-
TER of the stump with the second layer of plaster
Fig. 75).

Ficure 75

Repeating wrap 3 will now cover the distal LAT-
ERAL stump with the second layer of plaster bandage
(Fig. 76).

Figure 76

The remainder of the elastic plaster bandage is
wrapped in a circular manner proximally to the knee
joint (Fig. 77).

Ficure 77
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2. With the knee held between 5 and 15 deg. of
flexion and still maintaining continuous tension on the
stump sock, a second roll of elastic plaster bandage is
started slightly distal to the level where the previous
wrap terminated (Fig. 78).

Ficure 79

This new roll is carried proximally to just past mid-
thigh, applying only minimal tension to the plaster
and overlapping half of each previous turn. CARE
MUST BE TAKEN TO AVOID PROXIMAL CON-
STRICTION WITH THIS WRAP. Thus the ten-
sion applied to the plaster bandage must be decreased
gradually to none as it is wrapped proximally (Fig.
79).

3. Because of the inherent structural weakness of
elastic plaster bandage, the initial wrap must be rein-
forced with conventional plaster bandages and splints.

Double layers of 4 in. x 15 in. plaster splints are
applied over the distal portion of the socket antero-
posteriorly (Fig. 80) and mediolaterally (Fig. 81)

Ficure 80

Ficure 81

4. A roll of 4 in. conventional plaster bandage is
applied starting at the distal third of the stump and
wrapping proximally with even, overlapping, circular
wraps (Fig. 82).
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The remaining distal portion of the webbing is
folded back and wrapped in place with the remaining
plaster bandage to anchor it firmly in place (Fig. 84).

Fig.

are
Eero-

Fioure 84

Variation: For an obese patient with excessive soft
tissue over the thigh, it is necessary to incorporate a
second elastic suspension strap with safety buckle into
the wrap at the posterolateral level of the rigid dress-
ing for added suspension when the patient is flexing
the hip (Fig. 85).

Fioure 82

5. At the anteroproximal level of the rigid dressing,
a 1Y% in. suspension strap with safety buckle is incor-
porated into the wrap by placing two turns of the
conventional plaster bandage over the webbing of the
suspension strap (Fig. 83). Take care to apply it with
the leg in a neutral position.

Ficure 85

nd
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Ficure 83
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The entire wrap should then be smoothed lightly
by hand (Fig. 86).

Ficure 86

6. With the plaster of paris still wet, the cast is
gently compressed with the base of each hand just
proximal to the femoral condyles to provide an ef-
fective built-in suspension mechanism, Placement of
the hands should be somewhat anterior from the
lateral and medial centerlines of the cast. Care must
be taken to compress proximal to the condyles and
not over them. Repeated molding of the plaster must
be avoided in order to allow the development of
maximum plaster strength as it sets (Fig. 87).
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Ficure 87

7.: After the plaster has hardened sufficiently, the
proximal tension on the stump sock is released. With
a pair of scissors, a slot is cut in the stump sock at the
level of and corresponding to the size of the safety
buckle (or buckles for double suspension) (Fig. 88).

Ficure 88
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e sock is pulled down over the proximal cast brim
| the buckle passed through the slot, The suspension
| & applied around the waist of the patient. The
gic webbing is attached to the suspension strap
Thread the excess-elastic webbing through the
wer attachment loop of the safety buckle and fold it
% underneath the suspension strap (Fig. 89).

Ficure 89

DO NOT CUT OFF THE EXCESS ELASTIC
BBING since it will be needed later when the
nt is in the short night cast which extends only
patella.

Vote: If the posterior lateral suspension strap is not
ired, simply remove it from the waist belt.

APPLICATION OF
THE PROSTHETIC UNIT

. (a) Position the patient so that the pelvis is
sallel to the foot edge of the operating table, with the
s about 1% in. apart. DO NOT LET THE
JUND LEG OR THE AMPUTATION STUMP
ERNALLY ROTATE. Bend the socket attach-
mt straps so they closely conform to the exterior con-
ur of the plaster socket (Fig. 90).
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Fioure 90

With the cast socket suspended approximately 1 in.
from the table, the socket attachment plate should be
90 deg. to the table top when viewed laterally (Fig.
91).

Ficure 91
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At the same time the socket attachment plate should
be inset medially 1 in. from an imaginary line through
the center of the knee and the center of the stump
when viewed anteriorly (Fig, 92).

Ficure 92

Note: The socket attachment straps must be located
so they do not interfere with removal of the drain
placed in the wound at surgery.

(b) Recheck the position of the socket attach-
ment plate and with an indelible pencil mark the loca-
tion of the straps on the cast socket (Fig. 93). Reason-
able care given to this alignment procedure will result
in proper bench alignment requiring little or no ad-
justment when the patient stands.

(¢) Fold a double layer of 4 in, x 15 in. plaster
splints three times and place them between the back
of the socket attachment plate and the distal end of
the cast socket (Fig. 94). Reapply the plate and straps

Ficure 93

to the previously established marks and fill in all voids
and hollows between the cast socket and the socket
attachment, plate.

Note: Loose and broken socket attachment straps
result if this step is omitted.

Ficure 94
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2. Laminate the socket attachment straps to the cast

wwhet with one roll of conventional plaster bandage,

" making sure that the straps are covered entirely all the
way down to the socket attachment plate (Fig, 95).

Fioure 95

Ficure 96

3. Assemble the adjustable prosthetic unit with all
adjustments in the neutral position and attach to the
socket attachment plate by means of the quick discon-
nect screw (Fig. 96).

4. (a) Attach the pylon tube to the foot. With the
ankle of the sound foot (in the unilateral patient) held
in neutral position and the knees approximately 114 in.
apart, the heel pad is compressed with a straightedge
which is projected parallel with the bottom edge of the
operating table across to the heel of a conventional
artificial foot. The pylon tube will extend proximally
up to the cast socket or beyond and is marked at the
level of the collar of the base plug (Fig. 97).

Ficure 97

Note: When using a Kingsley Immediate Postsurgi-
cal SACH foot with built-in heel, add 1 in. to the
overall length of the pylon tube to compensate for the
thickness of the shoe on the patient’s sound foot.
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(b) At the established mark, cut the pylon tube
with a tube cutter (Fig. 98).

Ficure 98

(c) Remove the burr on the inside edge of the
tube with the knife provided on the tube cutter, or
with a reamer (Fig. 99).

Ficure 100

6. Reattach the adjustable unit to the socket attach-
ment plate and establish approximate toe-out. Tighten
the hose,clamp connection around the pylon tube with
Ficure 99 a screwdriver, fastening it to the base plug. Do not
split the pylon tube at this time (Fig. 101).

- L p— o

5. Remove the adjustable unit from the socket
attachment plate by loosening the quick disconnect
screw and connect the pylon tube to the base plug of
the adjustable unit (Fig. 100).

Figure 101
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S & sharp knife (scalpel) smoothly cut
% of paris at the area of the patella. Hold the
to avoid injuring the patient or

e sump sock. Estimate the cut hole to be
$han the previously applied patellar felt pad

o2

Ficure 102

) After the plaster window has been removed,
wut the patellar felt relief pad. This will result in
sely flared plaster edges and avoid abrasion and /or
wation to the patella (Fig, 103).

Ficure 103

8. Figure 104 shows the completed assembly.
9. Detach complete assembly from socket attach-
ment plate by means of the quick disconnect screw
‘before the patient leaves the operating room (Fig. 105). Fioure 105

THE WHOLE PROCEDURE OF CAST APPLI-
CATION SHOULD NOT TAKE MORE THAN
20 MINUTES WITH PRACTICE.
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D. BELOW-KNEE PROSTHETIC
CONSIDERATIONS

In applying the rigid dressing the prosthetist must
think in terms of fabricating a perfectly fitting socket
without having the opportunity to check the stump
for factors requiring socket adjustments. More im-
portant, the application is to a fresh amputation stump,
a wound sensitive to irritation, yet the initial socket
is formed using a relatively rough and initially unstable
material, i.e., plaster of paris. Appropriate care to detail
is mandatory with relatively little latitude for error.
Poor surgery cannot benefit from a well applied rigid
dressing; good, precise surgery should not be impaired
by a poorly applied cast socket. The two must comple-
ment one another to be effective. Avoid deviation from
the technique.

1. The skived areas of the felt relief pads must end in
a feathered edge or ridges will reproduce in the cast
socket with obvious ill effects to the stump.

2. Improperly located felt relief pads are a fre-
quently repeated mistake. The usual cause is not the
lack of proper identification of the tibial crest and pad
placement, but rather the increase or decrease in stump
sock suspension by the assistant, causing displacement
of the felt relief pads. Maintaining firm, even tension
to the stump sock throughout the casting process is
mandatory.

3. While making full use of the stretch characteristics
of the elastic plaster bandage is recommended, avoid
overstretching when reversing the direction of the
wrap. The larger outer arc of bandage can form a
ridge in the underlying plaster bandage and /or stump
sock (example: Wraps 4 and 7).

4. Never turn or twist a plaster bangage so that it
will bunch or have a rope effect. Use the full width of
the bandage, partially overlapping each previous cir-
cumferential turn. If tucking distally appears to be a
problem, use short plaster splints instead.

5. Avoid suspending the stump sock in such a
manner that the proximal portion is pulling away
from the thigh resulting in a loose cast in this area. At
the same time avoid proximal constriction or cutting of
the posterior socket brim into soft tissue.

6. An unstable cast usually results from terminating
the rigid dressing below midthigh.

7. With the patient anesthetized, avoid forcing the
knee into extension. Tightness of the hamstring
tendons will cause discomfort to the patient. Painful
distal socket pressure in the area of the gastrocnemius
and cutting of the proximal socket brim into the
posterior thigh will follow.

8. Avoid an overly thick cast.

9. Unless there are specific reasons, do not delay at-
tachment of the socket attachment plate to the rigid
dressing at the time of surgery. The cast socket must
dry at least 24 hours and if attachment is delayed, so
is the patient in his standing activities.

10. Do not attempt to secure the pylon tube to the
base plug while the tube is attached to a wet cast
socket. This practice could loosen the socket attach-
ment plate and straps. Disconnect the adjustable pros-
thetic unit from the socket attachment plate with the
disconnect screw before joining pylon tube and base

plug.
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CHAPTER 3

The Above-Knee and Knee-Disarticulation Amputations

. PREOPERATIVE INSTRUCTIONS
TO THE PROSTHETIST

1. When notified by the surgeon, obtain from him
all necessary information required and available at
this time.

a. Side of amputation,

b. Proposed level of amputation if this informa-
tion 1s available.

c. Any additional physical defects of the patient
which might restrict or limit movement and/or weight-
bearing and ambulation activities.

d. Any existing or permanent flexion contractures.

2. Talk to the patient, explain your role, what you
intend to do, and what is expected of him. He may be
apprehensive and anxious; don’t make him more so.
Explain the advantages to be derived from an imme-
diate postsurgical prosthesis and from well-fitting pros-
theses, generally,

3. Consider any physical defects and /or flexion con-
tractures noted by the surgeon which would influence
casting and/or alignment of the prosthetic unit.

4. Take measurements for suspension waist belt.

5. Note approximate size of reticulated polyure-
thane distal pad required (3, 4, 5, or 6 in.). This inter-
face material must be sterilized before application
at surgery.

6. Note approximate size Orlon Lycra stump sock
required (see Table 2, Chapter 2, Section 1.6.). This
sock must be gas autoclaved before application at

surgery.

Il. PREOPERATIVE PREPARATIONS
BY THE PROSTHETIST OF MATERIALS
AND COMPONENTS

1. PRS Apove-K~NEE SuspEnsioN WaistT BELT FOR
ADULTS:
The adjustable suspension waist belt is manufactured

40

in five standard sizes and has been specifically designed
and developed for immediate postsurgical prosthetic
fitting. The sizes consist of extra small, small, medium,
large, and extra large, for waist measurements rang-
ing from 28 to 44 in. These are usually sufficient for
all above-knee and knee-disarticulation applications.
They are constructed for use on either right or left
applications (Fig. 107).

After selecting the proper size, prepare the waist
belt by removing the four distal suspension straps and
buckles and the underlying portion of the felt apron
opposite the amputation side (Fig. 108).

g N\ 4

Ficure 108
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Apove-KneEr  Suspension  Waist  Beut  For
CHILDREN :

A proportionately smaller and simpler version of a
suspension waist belt for children is custom made for
each individual prior to surgery. The basic design con-
sists of a 2-in.-wide cotton webbing waist section in-
corporating a safety buckle which is located on the
amputation side. The waist section is lined with 4 in.
cloth-type cotton felt which extends distally 8 in. to
form the protective felt apron on the amputation side.
The two shoulder and four cable suspension straps are
made of 1-in.-wide cotton webbing and are sewn at one
end to the waist section of the belt. These straps are
adjustable by means of the corresponding safety buckles
(Fig. 109).

2. Asove-KnNee SuspensioN CABLES:

The two stainless steel Bowden cables are provided
with 1 in. strap retainers on both ends. A portion of
the cables is covered by a wire housing which is en-
closed in plastic tubing. Two sets LARGE and SMALL
are sufficient for most applications.
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LARGE: 22 in. cable length
SMALL: 18 in. cable length

15 in. housing length
11 in. housing length

If necessary, other than the above sizes can be pre-
pared. However, for all applications, standard or spe-
cial, retain a minimum 7 in. free cable travel to allow
for a minimum of 90 deg. hip flexion.

3. Select and assemble an appropriate adjustable
above-knee prosthetic unit and pylon (Fig. 110). The
ideal above-knee unit should include all the char-
acteristics of the below-knee unit and in addition, be
capable of providing constant friction in the knee
joint with a manual knee locking mechanism and ex-
tension stop.

4. Obtain a shoe from the patient at least one day
prior to surgery and fit a SACH foot to it. If the pa-
tient is unable to furnish a shoe or if the shoe should
be unsatisfactory for proper fitting and alignment, a
Kingsley Immediate Postsurgical SACH foot is se-
lected. A neoprene rubber heel can be glued to a con-
ventional SACH foot to level it in order to achieve
proper static and dynamic alignment of the prosthesis
when the patient stands.

Although for the sake of uniformity and simplicity

Ficure 109
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THE MANAGEMENT OF LOWER EXTREMITY AMPUTATIONS
ABOVE-KNEE ADJUSTABLE PROSTHESIS

Socket Attachment
Straps

Tube and Foot
Attachment Plug

Metal Hose Clamp

Anterior-Posterior Slide
Flate and Detachable
Socket Attachment

Thumb Screw

Wedge Disks

Adjustable Frictions
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Slide Plate

9/16 Hex Nut and
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Central Bolt

Manual Knee Lock

Ficure 110
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Ficure 111

the SACH foot is demonstrated throughout this man-
wal, 2 mechanical ankle can be substituted if so de-
sired or indicated (Fig, 111). A temporary mechanical
ankle joint and foot suitable for immediate postsur-
gical prosthetic pylon adaptation is the temporary
ankle block and Hydra-Cadence foot designed for use
with the Berkeley adjustable above-knee alignment jig.
The temporary ankle block allows for a wide spring-
loaded range of plantar flexion including an adjustable
dorsiflexion stop (Fig. 112). This provides improved
knee stability when the knee lock is released during the
later stage of ambulation activities.

Ficure 112

Regardless of how limited ambulation activities may
be in the days following surgery, a certain rhythm or
gait pattern is being established and provides the pa-
tient with a varying degree of stability and function.
The extent to which the components of the imme-
diate postsurgical prosthesis resemble the definitive
prosthesis is directly reflected in the transition of one
to the other, If these components differ substantially
(a friction knee versus a hydraulic swing-phase con-
trol unit, or a SACH foot versus a mechanical ankle
joint) the patient is forced to adopt a new gait pattern
to compensate for the new sensation and prosthetic
function.

If a hydraulic knee is indicated or required, the
Hydra-knee swing-phase control unit mounted in a
Hydra-Cadence frame and adapted to pylon use, can
be quickly interchanged with the conventional con-
stant friction knee pylon since the two types have iden-
tical adjustable prosthetic units and disconnect fea-
tures (Fig. 113 and 114).

Fioure 113
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Ficure 114

Using these available interchangeable units and
components enables a simple, quick, and reasonably
accurate assessment of prosthetic performance and
determines patient requirements even prior to the time
when the stump is ready for cast and measurements
for the definitive prosthesis. This procedure provides
the entire clinic team with an economical and effective
diagnostic tool to determine the most suitable pros-
thetic component to be used in the patient’s definitive
prosthesis.

5. Assemble components and materials required for
above-knee or knee-disarticulation rigid dressing ap-
plication (Fig. 113) (see Appendix B for List of
Suppliers) :

a. Sterile interface material (reticulated polyure-
thane end pad)

b. Sterile Orlon Lycra stump sock

c. 25 in. long, 6 in. wide bias-cut stockinet or
equivalent

Ficure 115

d. Knee-disarticulation felt relief pad, if required

e. Above-knee suspension belt

f. Above-knee suspension cables

g. Prosthetic unit, tubing, and hose clamp to form
immediate prosthesis

h. Immediate postsurgical SACH foot with bolt

i. Dow Corning Medical Adhesive Spray, Type B

j- 3 rolls of 5 in. elastic plaster bandage

k. 2 rolls of 4 in. conventional plaster bandage,
extra fast setting

1. 9 plaster splints, 4 in. x 15 in., extra fast setting

m. PRS above-knee casting fixture, right or left

6. Assemble kit of tools required for fitting pros-

thesis immediately after surgery (Fig. 116). All tools
except stainless steel tools, have been stripped, pol-
ished, and chromed to allow for repeated sterilization
when required.

a. Straightedge

b. Tube cutter

¢. Metal shears

d. Comrhon screwdriver

Ficure 116
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e. 5/16 in, Allen wrench and 3/8 in. Allen wrench
brazed together

f. 3/32 in. Allen wrench for VAPC unit

g. 9/16 in. open end wrench (for use with newer
model prosthetic unit)

h. Pliers

i. Bandage scissors

j- Scalpel and /or skiving knife

k. Indelible pencil

lll. THE ABOVE-KNEE
AMPUTATION SURGERY

The patient is prepared for surgery in the usual
manner. When possible a tourniquet is provided high
on the involved extremity. The tourniquet should be
inflated only when the circulation is found to be ade-
quate. A standard (“fish-mouth”) incision is made
through the skin to depth of the fascia starting medi-
ally and laterally just distal to the level of intended
bone transection. Short equal anterior and posterior
flaps are formed, each of which measures in length
approximately two-thirds of the diameter of the thigh
at the level of amputation. The skin flaps including
fascia are carefully dissected proximally up to the level
of intended bone transection. Generous skin flaps must
be provided to avoid a common error in above-knee
amputation—wound closure under excessive tension.

The anterior musculature is divided sharply with
a large scalpel blade or with an amputation knife. The
muscle is sectioned well beyond the level of intended
bone transection to permit muscle stabilization. It is
especially important that the anterior muscle flap, i.e.,

the quadriceps flap, is left moderately long since it will
be used in the combination myodesis-myoplasty for
stabilizing the muscles. The bone is sectioned, then
major vessels and nerves are treated appropriately, and
the amputation completed leaving the muscles long.
The posterior fascial-cutaneous flap should be left ade-
quately long laterally and medially for appropriate
coverage and closure.

Stabilization of muscles in the above-knee amputa-
tion is now carried out. A tension myodesis is formed
by placing approximately six drill holes circumferen-
tially around the distal cortex of the femur using a 34
in. drill. Muscles are then sewn with appropriate su-
tures, fixing the muscle groups to the bone while distal
traction is applied to the muscles so that their resting
length can be maintained. Care must be taken not to
sew the muscle groups in such a way as to produce a
flexion or adduction contracture. The long anterior flap
is then left intact after other muscle groups have been
sectioned about | in. distal to the end of the bone
suture line. The anterior flap is pulled over the end
of the bone and sewn to the fascia overlying the pos-
terior group as described by Murdoch (11) (Fig. 117).

Fioure 117
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Stabilization of muscles in the above-knee amputa-
tion is essential, If circulation to the thigh muscula-
ture is tenuous, mattress sutures should not be placed
through the bulk of the muscle but can be placed
through the deepest fascia layer. The fascia overlying
the respective muscle groups is then used to stabilize
the thigh musculature over the end of the bone. Thin-
ning of the muscle groups may be necessary to reduce
muscle bulk prior to stabilization (Fig. 118, 119, 120,
and 121).
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Ficure 121,—Healed above-knee stump with muscular cylin-
drical configuration.

IV. THE KNEE-DISARTICULATION SURGERY

Knee disarticulation is used by many surgeons as
the primary major amputation for peripheral vascular
disease. It has the advantages of simplicity, relative
lack of surgical shock, and modest blood loss. It can
provide an effective endbearing stump which has good
tolerance to weight bearing and fits comfortably in
an appropriate  prosthesis. Knee-disarticulation
postheses have so improved recently that appearance
is acceptable; also most intrinsic knee mechanisms in-
cluding hydraulic assists can be incorporated into the
limb,

The classical knee disarticulation utilizes a long an-
terior flap. With the below-knee amputation which
we perform for peripheral vascular disease using long
posterior musculotendonous and skin flaps, essentially
the same anterior skin is utilized as would be needed
in the classical knee disarticulation. For this reason we
prefer the below-knee amputation and seldom employ
knee disarticulation in the ischemia patient.

Under other circumstance, specifically trauma, infec-
tion, and neoplastic disease, knee disarticulation may be
the amputation of choice. This is particularly the case
with active, younger males. The long, strong, femur
lever arm, the broad irregular distal condyles, and the
opportunity to stabilize surgically the powerful cross-
knee musculotendonous structures into the femoral in-
tercondylar notch make for excellent prosthetic toler-
ance and function,

Knee-disarticulation management with immediate
postsurgical prosthetic fitting has been quite success-
ful. The surgery is performed in the classical manner
with a long anterior skin flap. Muscles are routinely
stabilized according to the technique of Murdoch (11)

suturing the patellar tendon to the remaining stump of
the cruciate ligaments in the intercondylar notch and
also drawing one or more of the medial hamstring
tendons and biceps tendon into the notch thus stabi-
lizing the hamstring muscles also. The patella is
ordinarily not disturbed. The condyles of the femur are
not shaved nor rounded unless unusually prominent.
The synovium is not removed. The articular cartilage
on the distal femur is not disturbed. Suction and/or
Penrose drainage is routinely used. Postsurgical drain-
age is essential.

The resulting stump is strong with good quadriceps
and hamstring muscle power. The somewhat bulbous
terminal bony portion of the stump resulting from
the contours of the condyles and patella can be easily
managed by a flexible prosthetic insert. The thigh
portion of the socket need not be “fluted” to accept
the stump. This somewhat bulbous and irregular con-
tour augments rotatory stability of the stump within
the socket and increases the effectiveness of the stump-
socket control (Fig. 122, 123, 124, and 125).

Ficure 122.-—Patellar tendon and hamstring  muscles
sutured under tension in the intercondylar notch.

Fioure 123.—Schematic drawing of Figure 122.
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Fioure 124.—Anterior skin flap trimmed to appropriate
length.

Ficure 125.—Distal appearance of closure with drain in
place.

V. THE ABOVE-KNEE
AND KNEE-DISARTICULATION
IMMEDIATE POSTSURGICAL PROSTHESIS

A. PREPARATORY REQUIREMENTS
BEFORE APPLICATION
OF THE RIGID DRESSING

1. Position the patient on the operating table so
that the entire stump and buttock area extends well
over the side of the table. The sterile Orlon Lycra
stump sock, which is rolled on under tension to the
level of the perineum by the surgeon, is now cut
vertically at the region of the adductor longus (Fig.
126).

Ficure 126

A second cut is made 1 to 1% in. posterior to the
initial cut (Fig. 127).

Ficure 127

The desired depth of the cuts extends Y2 in. distal
to the perineumn when the assistant is applying firm
proximal pull on the stump sock. Tissue bunching such
as an adductor roll or cutting of the stump sock into
soft tissue causing tissue displacement must be avoided.
Stump sock tension is satisfactory when the medial
distal stump area appears well supported and com-
pressed by the proximal pull on the stump sock. Note
to what level the proximal portion of the stump sock
extends on the lateral aspect of the hip or waist
(Fig. 128).
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Fioure 128

2. Fold back the proximal portion of the stump sock
kposing the upper two-thirds of the stump, while
olding the distal portion of the sock in place. DO
[OT EXPOSE THE DISTAL THIRD OF THE
TUMP OR THE WOUND ITSELF (Fig. 129).

Ficure 129

The exposed skin including the waist and hip, and
the entire inner surface of the stump sock are sprayed
with Dow Corning Medical Adhesive, Type B (Fig.
130). Allow 5 seconds for the adhesive to become

Figure 130

3. Inmsert both hands between the stump sock and
its folded back portion and stretch the material by
expanding the hands in a lateral-proximal fashion.
Slowly reapply the stump sock with firm even pressure,
avoiding wrinkles in the application (Fig. 131). An
assistant is useful in this application but not absolutely
necessary.

Fioure 131




50 THE MANAGEMENT OF LOWER EXTREMITY AMPUTATIONS

Also spray medical adhesive on the stump sock in a
2-in.-wide circle starting at the proximal border in the
perineum, the Scarpa’s triangle, over the rectus
femoris to an area just proximal to the greater
trochanter. Posteriorly stay slightly below the gluteal
fold and the level of the ischial tuberosity (Fig. 135,
136, and 137).

Fioure 132

4. The proximal portion of the stump sock is held
suspended by an assistant (Fig. 132) or by the shoulder
suspension harness (Fig. 133).

Ficure 133

5. A 25-in.-long, 6-in.-wide bias-cut stockinet or
equivalent is prepared by spraying one of the long
borders 2 in. wide with Dow Corning Medical
Adhesive, Type B (Fig. 134).

Ficure 135

Fioure 134
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Allow 5 seconds for the adhesive to become tacky
and apply the perineal apron by applying some stretch
to the stockinet which will avoid wrinkles in the
material (Fig. 138 and 139).

Fioure 138

Ficure 136

Ficure 137

Ficure 139
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6. To avoid circumferential socket displacement, the
rigid dressing or cast socket, is contoured into a modi-
fied quadrilateral shape. The PRS above-knee casting
fixture developed for this purpose is fitted with the
stump usually in an adducted and slightly flexed posi-
tion. The anteroposterior dimension is approximately
V4 in. larger than one would normally use in construct-
ing an ischial weight-bearing socket. This procedure
places the ischial tuberosity inside the cast socket and
not on the posterior socket wall. This results in a
gluteal weight-bearing situation only, which prevents
possible proximal constriction to blood flow by the rigid
dressing, and assures distal tissue support (Fig. 140).

Ficure 140

The mediolateral dimension is adjusted and secured
followed by the lateral wall being shaped to the con-
tours of the femur by means of the lateral adjustment
screws (Fig. 141).

Ficure 141

Once all adjustments have been completed, the
handle of the PRS above-knee casting fixture is placed
in the open position and the fixture is removed from
the stump. To compensate for the initial elastic plaster
bandage wrap, the anteroposterior and mediolateral
dimensions of the fixture must be increased between
V4 and 34 of an inch.

7. A sterile reticulated polyurethane distal pad of
the proper size is selected, trimmed, and skived and
applied over the distal end of the stump (Fig. 142).

Ficure 142

B. APPLICATION OF THE
RIGID DRESSING

1. For the initial wraps, elastic plaster bandage is
used rather than conventional plaster. When using
an elastic plaster bandage, the elasticity provides safe
and beneficial compression of the stump while con-
forming well to its contours, providing a smooth rigid
dressing. Continuous tension must be maintained on
the stump sock until the plaster has hardened.
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Wraps 1 and 2:

The wrap is always started on the distal lateral as-
pect of the stump. Cover the proximal feathered edge
of the polyurethane distal pad with the elastic plaster
bandage. Minimal tension is applied to the bandage
with this circumferential wrap, clockwise for a right
stump and counterclockwise for a left stump when
viewed anteriorly (Fig. 143).

Fioure 143

One and three quarter circumferential turns will se-
cure the polyurethane distal pad in place and anchor
the elastic plaster bandage to itself (Fig. 144).

Ficure 144
Wrap 3:

The wrap is now at a point posterolaterally. Now
bring it anteriorly up over the distal LATERAL por-
tion of the stump pulling the plaster bandage almost
to the limit of its elasticity (Fig. 145). At the ante-
rior stump margin release the tension and carry the
wrap medially and then posteriorly with only a light
pull on the plaster bandage,

Fioure 145

Wrap 4:

The fourth wrap is almost identical to wrap 3 except
that now the bandage covers the distal CENTER of
the stump (Fig. 146) (bandaging in the A-P plane
rather than circumferentially or diagonally). The di-
rection of the wrap is altered anteriorly and carried
toward the lateral side of the stump, as if to resume
circumferential wrapping.

Fioure 146
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Wrap 5:

The fifth turn is brought anteriorly up over the
distal MEDIAL aspect with the same controlled ten-
sion to the bandage (Fig. 147).

Ficure 149

Wrap 8:

Repeating wrap 3 will now cover the distal LAT-
ERAL stump with the second layer of plaster bandage
(Fig. 150).

Ficure 147

Wrap 6:

To achieve desired cast strength, a second diagonal
layer of elastic plaster bandage is applied by repeating
wrap 3 (Fig. 148). . .

Fioure 150

The remainder of the elastic plaster bandage is
wrapped in a circular manner proximal on the stump,
overlapping partially each previous turn (Fig. 151).

Ficure 148

Wrap 7:

. . . followed by wrap 4, again altering the direction
of the wrap medially. This will cover the distal
CENTER of the stump with the second layer of plaster
(Fig. 149).

Ficure 151
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2. Still maintaining continuous tension on the stump
sock, a second roll of elastic plaster bandage is started
slightly distal to the level where the previous wrap
terminated (Fig. 152).

Fioure 153
356-503 O—89——0

This new wrap is carried proximally on the stump
2Y, to 3 in. past the level of the perineum on the pos-
terior, lateral, and anterior aspects (Fig. 153). Only
minimal tension is applied to the plaster as the wrap
proceeds proximal, with none exerted at the upper
third of the rigid dressing brim. This is to avoid proxi-
mal constriction to the blood flow.

Note: The circumferential wraps are smooth and
even and overlap half of each previous turn. The
elastic plaster will curl backwards on the proximal
cast-socket brim if the desired tension is exceeded.

Be certain to bring the wrap high enough antero-
medially (Scarpa’s triangle) and posteromedially

(ischial tuberosity) to insure a smooth well-rounded
socket brim (Fig. 154 and 155).

Ficure 154
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Ficure 155

3. (a) Following completion of the initial cast appli-
cation and while the elastic plaster is still wet, the PRS
above-knee casting fixture, with the handle DOWN
in the “open” position, is applied over the plaster wrap
(Fig. 156). Position the posterior brim of the cast
fixture at the level of the ischial tuberosity. This usu-
ally provides sufficient clearance between the medial-
proximal socket wall and perineum when the stump
is adducted.

Ficure 156

(b) Bring the handle of the casting fixture gently
in the UP (closed) position (Fig. 157). Place the
stump in its proper attitude of adduction and flexion
and make corrections to the A-P and M-L dimensions
if the plaster allowance proves excessive or insufficient.
Hold the lateral wall of the casting fixture distally
against the stump and check for proper contours, ad-
just if necessary. Check for 4 in. clearance between
the perineum and the medial-proximal socket wall.

(c) Free one hand by holding the casting fixture
in place with the stomach and pull firmly on the

Ficure 157

medial aspect of the perineal apron and the portion
of the split stump sock (Fig. 158). This insures proper
brim flares and clears the stump sock and stockinet of
wrinkles. This same procedure should be repeated
on the posterior-medial socket wall,

Ficure 158
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(d) At the anterior proximal cast socket brim,
roll back any excess plaster bandage protruding past
the Scarpa’s pad of the casting fixture (Fig. 159).
Form a relief in the same manner around the area of
the rectus femoris to avoid contact with the iliac crest
causing possible socket displacement distally when the
hip is flexed to 90 deg.

(e) The stump and casting fixture are held in
place with moderate pressure exerted in a proximal
direction until the plaster has hardened.

Fioure 159

(f) After the plaster has hardened, place the
handle of the casting fixture in a DOWN (open) posi-
tion and carefully remove the casting fixture from the
cast socket (Fig. 160, 161, and 162),

Note: Have an assistant support the cast socket in
a proximal direction at all times until the waist belt
and cable suspension are attached.

Variation: The following optional procedure de-
scribes the construction and application of an ac-
ceptable above-knee quadrilateral cast socket brim
which can be checked for smoothness, fit, and proper
shape prior to surgery and which does not require
the use of the PRS above-knee casting fixture. How-
ever, the procedure is more time consuming in its initial
preparatory stage, and faulty stump measurements
and/or plaster mold modifications might produce a
cast socket brim unfit for application. For these
reasons, the PRS casting fixture is still the more reliable
technique since this method yields a custom made
product on the stump itself and allows, if necessary,
for repeated adjustments and applications.

1. The prosthetist obtains a circumference measure-
ment at the level of the ischial tuberosity and again
2 in. below, including the anteroposterior dimension
of the patient’s lower extremity, prior to surgery. Re-

duce the two circumference measurements to reflect
muscle tone just as one would use in constructing a
suitable socket to be worn with a three-ply stump
sock. In order to avoid proximal restriction to the

Ficure 161
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Ficure 162 Fioure 164

blood flow and to assure continued distal tissue sup-
port, only gluteal weight bearing is sought and no
attempt is made to achieve ischial contact on the
posterior socket wall. This requires the anteroposterior
dimension to be increased from the usual practice
V2 in. for stumps up to 18 in, of proximal circum-
ference and 34 in. for all stumps exceeding 18 in. top
circumference.

2. For economical reasons it is recommended that
established above-knee molds with suitable measure-

ments be used where few or no modifications are Ficure 165
required.

a. Select a proper size tubular cotton stockinet to c. Fasten the stockinet with some small tacks
suit the stump circumference plus 2 in. for overlap making sure that no wrinkles remain in the material.
when split on the lateral side. A 12 in. length stockinet d. Cut four double layer 4 in. x 15 in. plaster
is sufficient (Fig. 163). splints from a roll of elastic plaster bandage. Begin

the application on the lateral underlying (tongue)
portion of the stockinet and work posteriorly around
to the medial and anterior portion arriving laterally
on the top of the wrap, overlapping where it began
(Fig. 166). The length of the plaster brim is approx-
imately 4 in. measured from the posterior wall dis-
tally. The lateral overlapping area including the most

Ficure 163

b. Split along one side and locate on the cast
model so tne stockinet will extend past the distal and
proximal trim lines of the finished plaster brim (Fig.
164) . Overlap the split ends 14 to 2 in. on the lateral
side (Fig. 165). Ficure 166
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distal portion of the plaster brim feathers out to only
a single splint thickness plus the cotton stockinet to
assure smooth blending when completing the rigid
dressing (Fig. 167).

e. Reinforce the areas of the posterior, medial,
and anterior proximal socket flares with folded 4 in.
x 15 in. conventional plaster splints (Fig. 168).

Ficure 167

Ficure 168

f. Cover the entire brim with additional plaster
splints to provide a final smooth finish of the socket
brim (Fig. 169).

g. When the plaster has set sufficiently, remove
the brim carefully from the model. Fold the proximal
extending portion of the stockinet inside the cast brim
and trim the excess plaster off to achieve a desirable
trim line (Fig. 170).

h. Fold the stockinet back out over the cut edge
of the plaster brim and fasten with additional plaster
splints (Fig. 171).

Ficure 169

Fieure 171
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i. Trim the excess stockinet off the distal end of
the cast brim. The brim is now completed and ready
for application on the patient (Fig. 172).

Ficure 172

3. With the stump sock firmly suspended, locate the
prefabricated plaster brim properly on the patient and
wrap the remaining portion of the stump, including
the reticulated polyurethane distal pad, with elastic
plaster bandage as previously described. Extend the
plaster wrap proximally and secure it to the plaster
brim. Reinforce the elastic plaster section of the wrap
with conventional plaster bandage.

4. Because of the inherent structural weakness of
elastic plaster bandage, the initial wrap must be re-
inforced with conventional plaster bandages and
splints.

(a) Double layers of 4 in. x 15 in. plaster splints
are applied over the distal portion of the socket antero-
posteriorly (Fig. 173) and mediolaterally (Fig. 174).

Ficure 173

Fioure 174

(b) Reinforce the area of the Scarpa’s triangle
with a double layer of plaster splint folded three times
(Fig. 175).

(¢) Fold a double layer of plaster splints three
times and again lengthwise to reinforce the medial
socket brim (Fig. 176).

Figure 175
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Ficure 176

(d) Repeat this procedure to reinforce the pos-
terior flare of the socket brim, overlapping slightly the
previously applied splint (Fig. 177).

5. A roll of 4 in, conventional plaster bandage is
applied, starting at the proximal socket brim and car-
ried distally, with even, overlapping circular wraps
(Fig. 178). Avoid bridging of the plaster in the areas

Ficure 177

Fioure 178

of the Scarpa’s triangle and posterior flare of the socket
brim by providing some slack in the plaster bandage.
Two layers of plaster are usually sufficient. Lightly
smooth the proximal third of the cast socket (Fig.
179).
6. Select an appropriate size set of Bowden cables
and locate on the cast in the following manner:

(a) Expose all the stainless steel Bowden cable
to one side of the cable housing and locate the retainer
of the exposed section on the anterior iliac crest. With
the cable housing, form an arc as large as possible on
the lateral cast wall to minimize cable friction against
the housing.

(b) Locate the other retainer at the level of and
1 in, lateral to the center of the posterior-proximal
cast socket brim.,

Note: The apex of the arc on the cable housing
should be located below or above the drain site to fa-
cilitate drain removal,

Fioure 179
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(¢) Tape the cable housing in place with a strip
of 1 in. masking tape or a plaster-of-paris splint.

(d) Locate the medial Bowden cable assembly in
the same manner but maintain a 2 to 3 in. separation
between the two retainers, both anterior and posterior
(Fig. 180 and 181).

Ficure 180

(e) Secure the cable housing to the cast socket
with two plaster splints or one-third of a roll of 4 in.
conventional plaster bandage. Make sure the plaster
contacts the underlying cast socket on the inside of the
arc of the cable housing to provide a stable attach-
ment (Fig. 182, 183, and 184).

Ficure 181

Ficure 182
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C. APPLICATION OF THE
PROSTHETIC UNIT

1. (a) Reposition the patient so that the pelvis is
parallel to the foot edge of the operating table. Posi-

: tion the stump in a normal attitude of adduction and
place the sound leg in neutral.
{ (b) Detach the socket attachment plate from the

prosthetic unit by loosening the quick disconnect screw.
Attach the socket attachment straps to the socket at-
tachment plate with the machine screws provided and
hold the assembly next to the cast socket to determine
strap length (Fig. 185).

Ficure 184 Ficure 185
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(c) Cut the straps 1 in. below the level of the
exposed cable housing with metal shears (Fig. 186).

Ficure 186

2. Bend the socket attachment straps so they con-
form closely to the exterior contours of the plaster
socket. The socket attachment plate should be:

a. parallel to the foot edge of the table,

b. posterior from the distal socket center when
viewed laterally, to achieve a desired TKA relation-
ship,

¢. 90 deg. to the table top to accommodate the
flexion angle in the cast socket, and (Fig. 187). . .

d. . . . outset so an imaginary vertical line drawn
from the ischial tuberosity will bisect the medial bor-
der of the socket attachment plate (Fig. 188).

Note: The socket attachment straps should be lo-
cated so they will not interfere with the removal of
the drain.

EXTREMITY AMPUTATIONS

Ficure 187

3. Recheck the position of the socket attachment
plate and with indelible pencil mark the location of
the two anterior socket attachment straps (Fig. 189).
Reasonable care given to this alignment procedure

Ficure 188
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Ficure 189

will result in proper bench alignment requiring little
or no adjustment when the patient stands.

Variation: On a long above-knee or knee-disarticu-
lation stump, attachment of the prosthetic unit will
unavoidably lower the effective knee center somewhat,
in comparison to the sound side. Aside from cosmesis,
prosthetic function is hardly affected. However, on a
short stump, the difference between the cast and the
socket attachment plate must be filled with an appro-
priately sized round piece of balsa wood or styrofoam
to place the prosthetic knee center in a more functional
position (Fig. 190).

Ficure 190

(a) Bend the socket attachment straps so they
closely conform to the exterior contours of the balsa
wood or styrofoam and to the cast socket (Fig. 191).

Ficure 191
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(b) Recheck the position of the socket attach-
ment plate and mark with indelible pencil the location
of the attachment straps on the cast socket.

(¢) Fold a double layer of 4 in. x 15 in. plaster
splints three times and place it between the back of the
socket attachment plate and the distal end of the wood
or styrofoam extension (Fig. 192).

Ficure 192

(d) Repeat the procedure between the proximal
extension and the cast socket making sure all voids
and hollows are filled solidly.

Note: Loose and broken socket attachment straps
result if these last two steps are omitted.

4, If a socket extension is not required, only onc
double layer of 4 in. x 15 in. plaster splints is indicated
as a filler between the socket attachment plate and cast
socket (Fig.193).

Ficure 193

5. Laminate the socket attachment straps to the cast
socket with one roll of conventional plaster bandage,
making sure that the straps are covered entirely, down
to the socket attachment plate (Fig. 194).

Fioure 194
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6. Trim all excess stockinet material from the pen-
neal apron but retain 1 in. of overhang (Fig. 195 and
196).

Fioure 196

Cut the 114-in.-wide perineal portion of the stump
sock in the same manner (Fig. 197).

Note: Do not disturb or trim the glued-on portion
of the Orlon Lycra stump sock around the hip and
waist.

7. Only after all plaster work has been completed
is the previously prepared suspension belt applied to
the patient. This will keep the belt from getting soiled
with plaster of paris.

(a) Locate the contoured waist belt on the patient
so that the distal border rests just proximal to the
iliac crest. Attach the waist straps anteriorly and
tighten the two lateral adjustment straps sufficiently so
the belt will not displace distally or rotate on the
patient. Bring both shoulder straps over each shoulder
after crossing them in back for men and in front for
women, Attach the shoulder straps to the anteroproxi-
mal attachment buckles,

Fioure 197




68 THE MANAGEMENT OF LOWER EXTREMITY AMPUTATIONS

(b) Place the felt apron between the cast socket
and the exposed portions of the cables and housings.
Trim the excess felt at the level where the housings
emerge out of the cast socket, both anterior and
posterior (Fig, 198).

Fioure 199

Firmly fasten the two posterior suspension straps &
their corresponding safety buckles to maintain ds
tissue support by suspending the cast socket and res
ing it securely on the stump (Fig. 200).

Fioure 198

(c) Thread both anterior suspension straps
through the retainers of the Bowden cables and fasten
them to each corresponding safety buckle, exposing at
this time all available cable to allow for 90 deg. of hip
flexion when the patient is sitting up (Fig. 199).

Figure 200
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Increase socket adduction by simultaneously loosen-
ing the lateral and tightening the medial cable web-
bing suspension straps. Reverse the process to decrease
socket adduction.

8. The adjustable prosthetic unit with all adjust-
ments in the neutral position is attached to the socket
attachment plate by loosening the quick disconnect
screw (Fig. 201).

Fioure 201

9. Attach the pylon tube to the foot.

10. Recheck that the patient’s pelvis has remained
level to the foot edge of the table and that the stump
socket is in the desired attitude of flexion and adduc-
tion. With the ankle of the sound foot held in neutral
position, the heel pad is compressed with a straight-
edge projected parallel to the bottom edge of the
operating table, across to the heel of the artificial foot.
The pylon tube will extend proximally past the pros-

Ficure 202

thetic unit up to the cast socket and is marked at the
level of the base plug collar (Fi