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LOWER-EXTREMITY AMPUTATION

Lower-Extremity Amputation

By Michael S. Pinzur, MD, Frank A. Gottschalk, MD, Marco Antonio Guedes de S. Pinto, MD, and Douglas G. Smith, MD

An Instructional Course Lecture, American Academy of Orthopaedic Surgeons

Using the experience gained from tak-
ing care of World War II veterans with
amputations, Ernest Burgess taught us
that amputation surgery is reconstruc-
tive surgery. It is the first step in the re-
habilitation process for patients with an
amputation and should be thought of
in this way. An amputation is often a
more appropriate option than limb sal-
vage, irrespective of the underlying
cause. The decision-making and selec-
tion of the amputation level must be
based on realistic expectations with re-
gard to functional outcome and must
be adapted to both the disease process
being treated and the unique needs of
the patient. Sometimes the amputation
is done as a life-saving procedure in a
patient who is not expected to walk, but
more often it is done for a patient who
should be able to return to a full active
life. This lecture addresses amputa-
tions done to return the patient to full
activity. Our purposes are to assist the
reader in (1) establishing reasonable
goals when confronted with the ques-
tion of limb salvage versus amputation,
(2) understanding the roles of the soft-
tissue envelope and osseous platform in
the creation of a residual limb, (3) un-
derstanding the method of weight-

bearing within a prosthetic socket, and
(4) determining whether a bone bridge
is a positive addition to a transtibial
amputation.

The Lower Extremity Assessment
Project (LEAP) has provided objective
outcome data on patients with mutilat-
ing limb injuries'. Five hundred and
sixty-nine consecutive patients with
mutilating limb injuries treated at eight
academic trauma centers provided ob-
jective observational outcome data rela-
tive to limb salvage and amputation.
One hundred and forty-nine under-
went lower-extremity amputation dur-
ing the course of their care. This
ongoing study is providing a realistic
understanding of the less-than-favor-
able results associated with both limb
salvage and amputation. Much of what
has been learned from LEAP can be ap-
plied to the care of patients with a non-
traumatic amputation.

A reasonable functional goal
should be established before an extrem-
ity amputation is performed. The goals
for a young individual who is going to
reenter the workforce after a traumatic
amputation are very different from
those for an elderly debilitated patient
with diabetes who has a limited life ex-

pectancy. Before surgery is performed,
four issues need to be addressed, in or-
der to create a needs assessment:

1. If the limb is salvaged, will the
functional outcome be better than it
would be after an amputation and fit-
ting of a prosthetic limb? This question
needs to be addressed regardless of
whether the patient has a mutilating
limb injury, a diabetic foot infection, a
tumor, or a congenital anomaly.

2. What is a realistic expectation
following treatment? The realistic ex-
pected functional outcome is the aver-
age functional outcome for patients
with the same comorbidities and level
of amputation; it is not the best possible
outcome.

3. What is the cost of care? This
cost goes beyond resource consump-
tion. Can the patient and his or her
family afford the multiple operations
and the time off from work necessary to
accomplish limb salvage, or are they
best served by amputation and fitting of
a prosthetic limb?

4. What are the risks? Limb-
salvage surgery for any diagnosis is
riskier than an amputation. When a
patient has had an infection in an is-
chemic limb, the risk of recurrent in-

Disclosure: In support of their research for or preparation of this work, one or more of the authors received, in any one year, outside funding or
grants in excess of $10,000 from Otto Bock. Neither they nor a member of their immediate families received payments or other benefits or a com-
mitment or agreement to provide such benefits from a commercial entity. No commercial entity paid or directed, or agreed to pay or direct, any ben-
efits to any research fund, foundation, division, center, clinical practice, or other charitable or nonprofit organization with which the authors, or a
member of their immediate families, are affiliated or associated.
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fection and sepsis is far lower when the
limb is removed than when it is
retained.

Once these issues have been ad-
dressed, the patient and the surgical
team generally have sufficient data to
support the decision-making process.

When performing an amputa-
tion as a reconstructive effort after
trauma, infection, tumor, or vascular
insufficiency, one should strive to
create:

1. Optimal residual limb length
without osseous prominences.

2. Reasonable function in the
joint proximal to the level of the ampu-
tation to enhance prosthetic function.

3. A durable soft-tissue enve-
lope. Although new prosthetic tech-
nology allows compensation for a
suboptimal soft-tissue envelope, it is
well accepted that amputees fare bet-
ter with a durable soft-tissue envelope
and fare worse when the skin is ad-
herent to bone or there is a split-
thickness skin graft in areas of high
pressure or shear™. Therefore, mus-
cles should be secured to bone to pre-
vent retraction. When possible, full-
thickness myocutaneous flaps should
be used, with muscle cushioning in
areas of high pressure and shear
(Figs. 1-A through 1-D).

Disarticulation Compared with
Transosseous Amputation

The more distal the level of lower-
extremity amputation, the better the
walking independence and functional
outcome, unless the quality of the re-
sidual limb creates so much discom-
fort that it negates the potential
benefits of limb-length retention.
Therefore, the amputation should be
done at the most distal level that will
result in a functional residual limb.
Efforts to create a functional residual
limb should take into account the
method of weight-bearing (load trans-
fer) and the tissues available to create a
soft-tissue envelope.

The best residual limb cannot du-
plicate the unique weight-bearing prop-
erties of a normal foot. The foot has
multiple bones and articulations that
function as a shock absorber at heel

strike, a stable platform during stance
phase, and a “starting block” for stabil-
ity at push-off. The multiple bones and
joints allow positioning of the durable
plantar soft-tissue envelope in an opti-
mal orientation for accepting load. An
amputee has, in place of a foot, a resid-
ual limb that must tolerate weight-
bearing (load transfer) with the socket
of a prosthesis.

When the amputation is through
a joint (disarticulation), the load trans-
fer can be accomplished directly; i.e.,
there is end-bearing. When the ampu-
tation is done through the bone (tran-
sosseous), the load transfer must be
accomplished indirectly by the entire
residual limb, through a total-contact
socket of the prosthesis, as weight-
bearing on the end of the residual limb
is too painful. Disarticulation allows
dissipation of the load over a large sur-
face area of less stiff metaphyseal bone.
With a well-constructed soft-tissue en-
velope to cushion the residual osseous
platform, the direct-transfer prosthetic
socket need only suspend the prosthe-
sis. This differs from transosseous
amputation at the transtibial or trans-
femoral level, where the surface area of
the end of the bone is small and the di-
aphyseal bone is less resilient. The end
of the bone must be “unweighted” by
dissipating the load over the entire sur-
face of the residual limb. This indirect
load transfer requires a durable and
mobile soft-tissue envelope that can
tolerate the shearing forces associated
with weight-bearing. The socket fit be-
comes crucial. When a patient loses
weight the residual limb tends to bot-
tom out, and painful end-bearing or
tissue breakdown develops. Patients
who gain weight are not able to fit the
limb into the prosthesis. The choice of
disarticulation or transosseous ampu-
tation must be individualized for each
patient.

Transtibial (Below-the-Knee)
Amputation

The standard transtibial prosthetic
socket is fabricated with the knee in
approximately 10° of flexion, in order
to unload the distal part of the tibia
and optimally distribute the load. Load

transfer is accomplished by distribut-
ing the load over the entire surface area
of the residual limb, with a concent-
ration over the anterior-medial and
anterior-lateral areas of the tibial
metaphysis.

Mutilating limb injuries fre-
quently disrupt the interosseous mem-
brane, disengaging the relationship
between the tibia and fibula. This loss
of integrity of the interosseous mem-
brane prevents the fibula from partici-
pating in normal load transfer. In
other situations, the residual fibula
may become unstable following tran-
stibial amputation because of loss of
the integrity of the interosseous mem-
brane or as a result of loss of the integ-
rity of the proximal tibiofibular joint
even without an obvious traumatic
disruption.

Individuals with instability of the
residual fibula following transtibial am-
putation can have pain due to several
causes. When the residual limb is com-
pressed within the prosthetic socket, the
residual fibula may angulate toward the
tibia with prolonged weight-bearing.
The result is a conical, pointed residual
limb, which tends to bottom-out dur-
ing prolonged weight-bearing. The con-
ical residual limb acts as a wedge,
leading to painful end-bearing and soft-
tissue breakdown over the terminal
tibia. When the residual limb is short,
or the interosseous membrane has been
disrupted, the residual fibula can be ab-
ducted as a result of unopposed action
of the biceps femoris muscle (Fig. 2)*".
These alterations of the load-bearing
platform become accentuated in
younger, more active amputees, with
higher demand, or with prolonged
activities®’.

During World War I, Ertl pro-
posed the creation of an osteoperiosteal
tube, derived mostly from tibial perios-
teum, and affixing it to the fibula to cre-
ate a stable residual limb®. Following
World War II, his concept was success-
fully introduced in the United States by
Loon*, Deffer’, and others". Arthrode-
sis, or bone-bridging, of the distal parts
of the tibia and fibula has recently be-
come a controversial topic, with both
ardent supporters and strong detrac-
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Fig. 1-A

tors. Recent investigations suggest that
the technique may provide a potential
benefit for an active amputee by creat-
ing a stable platform with an enhanced
surface area for load transfer™'"'* (Figs.
3-A and 3-B). Most supporters suggest
that the technique should be reserved
for younger, more active amputees who
will benefit from the potentially en-
hanced functional residual limb and are
more able to tolerate the increased mor-
bidity risk associated with the addi-
tional surgery necessary to obtain the
bone bridge.

The surgery can also be per-
formed as a late reconstruction for ac-
tive amputees with residual limb pain
that appears to be associated with an
unstable or disengaged residual fibula.
These patients may have a conical end-
bearing residual limb, usually with

Fig. 1-B
Fig. 1-A Photograph made at the time that a young, active male patient first returned to the operating room following a traumatic amputa-
tion. Fig. 1-B The remaining gastrocnemius muscle was used to create a cushioned soft-tissue envelope. The skin was degloved and did

not survive.

pain at the end of the residual limb
and occasionally with tissue break-
down. Others may have pain along a
prominent or unstable fibula. On ex-
amination, the fibula usually can be
felt to be unstable.

The operation involves use of a
long posterior myocutaneous flap. For
the average 6-ft (1.8-m)-tall patient, the
optimal residual tibial length should be
a minimum of 10 to 12 ¢cm in order to
create an adequate weight-bearing plat-
form, but it should not be longer than
15 to 18 cm. (An excessively long resid-
ual limb requires the prosthetic socket
to be put into full extension. This leads
to increased distal pressure, increased
end-bearing, and more stump fail-
ures.) The fibula is divided 4 cm distal
to the tibia to allow the creation of the
bone bridge. Care is taken to maintain

as many muscular attachments to the
distal aspect of the fibula as possible.
One centimeter of the fibula is removed
at the level of the distal tibial cut to al-
low rotation of the vascularized bone. A
notch is made in the lateral cortex of
the residual tibia to accept the rotated
fibular segment. Stability can be ob-
tained by suturing the fibular segment
through drill-holes, or with screw fixa-
tion (Fig. 3-B).

The transferred fibular seg-
ment used between the distal parts of
the fibula and tibia can be supple-
mented with a vascularized peri-
osteal sleeve taken from the tibia, as
described by Ertl®. The periosteum
on the anterior surface of the tibia,
which is quite thick, is raised from
the tibia distal to the level of the tib-
ial transection. When the periosteum
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Fig. 1-C
Fig. 1-C Following the use of vacuum-assisted wound management, there was an ade-

quate base for split-thickness skin-grafting. Fig. 1-D The residual limb at eighteen
months following the injury. The patient used a silicone suspension liner within the pros-
thetic socket in order to compensate for the split-thickness skin graft over the residual

anterior aspect of the tibia.

is raised, it is important to keep it at-
tached proximally and to take a thin
slice of cortical bone with it. This al-
most guarantees that the periosteum
obtained has maintained its vascular
supply. A 1-in (2.5-cm) osteotome is
used to raise the periosteum and the
thin slice of cortical bone. The peri-
osteal sleeve is sutured over the ro-
tated fibular segment. The periosteal
graft alone has also been used in
place of the fibula, but we have no
experience with that technique and
do not recommend it.

The anterior aspect of the distal
surface of the tibia is beveled, and a
durable full-thickness myocutaneous
flap is repaired to the anterior aspect of
the tibia through drill holes or by su-
turing the posterior gastrocnemius fas-
cia to the anterior periosteum of the
residual tibia and the anterior com-
partment fascia.

When the surgery is performed as
a late reconstruction or if there is no dis-
tal part of the fibula with which to create

Fig. 1-D

the bone bridge, a tricortical iliac crest
bone graft is wedged between the termi-
nal residual tibia and fibula after the in-
ner surfaces of both have been prepared
with a burr (Figs. 4-A, 4-B, and 4-C).

Postoperative Care

A rigid plaster dressing is applied to
protect the residual limb and to con-
trol postoperative swelling. Another
option is to use elastic bandages for a
compressive dressing, but these need
to be put on carefully so as not to pro-
duce a pressure sore. This is especially
important when a patient has a pe-
ripheral neuropathy. Our experience
has been that if the patient has pain at
the end of the stump or in the stump
shortly after surgery it is due to a local
problem and the dressing needs to be
changed, but pain that seems to be in
the distal, amputated part of the limb
is the so-called phantom-limb phe-
nomenon. Phantom sensation is a nor-
mal response after an amputation that
usually resolves. Telling the patient be-

fore the surgery that they will have
phantom sensations tends to decrease
anxiety about this phenomenon.
Weight-bearing with a tempo-
rary prosthesis is initiated when the
residual limb appears capable of toler-
ating weight-bearing. Pain with weight-
bearing lasts longer for patients who
have had a bone-bridge reconstruction
than it does for those without a bone
bridge. The pain may last for six to nine
months and seems to resolve as the
bone bridge heals. It is assumed that
the site of healing between the fibula
and tibia remains tender until the bone
becomes solid. The pain should be
treated nonoperatively unless there is
a sign of inadequate placement of the
graft or sutures. Usually, the patient can
be fitted for a prosthesis, but he or she
may not be able to bear full weight until
the tenderness resolves.

Skin Flap for Transtibial
(Below-the-Knee) Amputation
Load transfer following transtibial am-
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Fig. 2

Anteroposterior and lateral plain radiographs of a patient with an unstable fibula due to
disruption of the interosseous membrane by a transtibial amputation. The short unstable
fibula is not able to serve as an efficient platform for weight-bearing. The abducted resid-
ual distal part of the fibula also creates an osseous prominence that interferes with pros-
thetic limb fitting. (Reprinted, with permission, from: Pinzur MS, Pinto MA, Schon LC,
Smith DG. Controversies in amputation surgery. Instr Course Lect. 2003;52:448.)

Fig. 3-B

putation appears to be enhanced when
the residual limb has a large osseous
surface area covered with a durable
soft-tissue envelope composed of a
well-cushioned mobile muscle mass
and full-thickness skin. This desired re-
sult is best achieved through use of a
long posterior myofasciocutaneous
flap. Despite the fact that the standard
posterior flap for transtibial amputa-
tion is satisfactory for most patients,
retraction of the flap over time can lead
to a troublesome pressure point overly-
ing the anterior aspect of the distal part
of the residual tibia. The standard tran-
stibial amputation technique, popular-
ized by Burgess et al., often places the
surgical incision directly over that por-
tion of the residual tibia”. This raises
the potential for adherent scarring of
the skin to that part of the tibia or for
inadequate cushioning of this region
during weight-bearing. When the ante-
rior aspect of the distal part of the re-
sidual tibia is not sufficiently padded,
there is an increased likelihood of lo-
calized discomfort, blistering, or tissue
breakdown associated with the normal
pistoning that occurs between the re-

Fig. 3-A This patient was able to stand directly on the residual limb because
he had a stable platform for weight-bearing following the creation of an Ertl
bone bridge between the distal parts of the tibia and fibula. (Reprinted, with
permission, from: Pinzur MS, Pinto MA, Schon LC, Smith DG. Controversies
in amputation surgery. Instr Course Lect. 2003;52:449.) Fig. 3-B Radio-
graph made one year following the creation of the bone bridge.
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sidual limb and the prosthetic socket
during normal walking. An extended
posterior flap appears to prevent these
potential morbidities by providing im-
proved cushioning and comfort even
for individuals who are capable of only
limited activity'". The encouraging re-
sults of this relatively simple modifica-
tion support the well-accepted notion
that an optimal residual limb should be
composed of a sufficient osseous plat-
form and a durable and cushioned soft-
tissue envelope'.

The extended posterior flap is
created by increasing the length of the
standard posterior flap by several centi-
meters (Figs. 5-A and 5-B). The poste-
rior myocutaneous flap is created and
the osseous cuts are performed in the
traditional manner. The myocutaneous
flap is generally created from the gas-
trocnemius muscle and overlying skin,
with removal of the soleus muscle belly
in all but very thin patients. Care is
taken in the handling of the transected

nerves to avoid the development of sen-
sitive, painful neuromas. It is advised to
avoid clamping of the nerves prior to
transection in order to avoid the pain so
frequently encountered following
crushing injuries. The nerves should be
dissected proximal to the level of the
bone transection, with use of gentle
traction with a sponge, and then they
are transected with a fresh scalpel blade.
This allows the inevitable terminal neu-
roma to be cushioned within bulky
muscle. To avoid a bulbous stump, the
posterior and lateral compartment
muscles (except the gastrocnemius)
should be transected at the level of the
transected tibia. Anterior skin is re-
moved to allow proximal attachment of
the muscle flap and proximal placement
of the wound scar. A myodesis of the
posterior muscle flap to the tibia can be
performed through drill holes. The pos-
terior gastrocnemius fascia is secured to
the transected anterior compartment
fascia and tibial periosteum with hori-

zontal mattress sutures (Figs. 6-A and
6-B). A rigid plaster dressing is applied,
and prosthetic fitting is initiated when
the residual limb appears capable of
weight-bearing.

Transfemoral (Above-the-Knee)
Amputation
Transfemoral amputation is performed
less frequently than in the past, but it
is still necessary in some patients with
severe vascular disease, a neoplasm,
infection, or trauma in whom recon-
struction at a more distal level is not
feasible'"°. The energy expenditure for
walking, even on a level surface, by an
individual with a transfemoral amputa-
tion has been shown to be as much as
65% greater than that for similar,
able-bodied individuals”*. Energy
expenditure can be minimized by a
properly performed above-the-knee
amputation.

The anatomical alignment of the
lower limb has been well defined. The

Fig. 4-A

Fig. 4-B
Fig. 4-A An active patient with a transtibial amputation complained of pain in the distal part of the residual limb after prolonged activity. The conical
shape of the residual limb allowed it to wedge into the prosthetic socket, creating painful end-bearing. Fig. 4-B Radiograph made one year after a

successful bone-bridge procedure with a tricortical iliac crest bone graft placed between the fibula and tibia. Fig. 4-C The more square shape of the
residual limb created an excellent platform for load transmission. The residual limb no longer bottomed out in the prosthesis, providing better com-
fort with weight-bearing.

Fig. 4-C



1124

THE JOURNAL OF BONE & JOINT SURGERY - JBJS.ORG
VOLUME 89-A - NUMBER 5 - MAY 2007

CONTROVERSIES IN
LOWER-EXTREMITY AMPUTATION

mechanical axis lies on a line from the
center of the femoral head through the
center of the knee to the center of the
ankle. In normal two-limbed stance,
this axis measures 3° from the vertical
axis and the femoral shaft axis measures
9° from the vertical axis”. The femur is
normally oriented in relative adduction,
which allows the hip stabilizers (the
gluteus medius and minimus) and ab-
ductors (the gluteus medius and the
tensor fasciae latae) to act on it to re-
duce the lateral motion of the center of
mass of the body, producing an energy-
efficient gait (Fig. 7).

In most individuals who have
undergone a transfemoral amputa-
tion, the mechanical and anatomical
alignment is altered as a result of dis-
ruption of the adductor magnus inser-
tion at the adductor tubercle and the
distal part of the linea aspera®. This al-
lows the residual femur to drift into
abduction as a result of the unop-
posed action of the hip abductors.
Many patients who have undergone a
transfemoral amputation encounter
difficulties with prosthetic fitting due
to inadequate muscle stabilization at
the time of the amputation®. The un-
stable femur disrupts the relationship
between the anatomical and mechani-
cal axes of the limb. The abductor
lurch, so common after transfemoral
amputation, is a consequence of the
unopposed action of the intact hip ab-
ductors. This dynamic deformity over-
comes the capacity of even modern
prostheses to compensate.

Traditional transfemoral amputa-
tion is done by suturing the femur flex-
ors to the extensors—i.e., creating a
myoplasty—while ignoring the adduc-
tors that contribute to stability of the
residual femur”. When the adductors
are not anchored to bone, the hip ab-
ductors are able to act unopposed, pro-
ducing a dynamic flexion-abduction
deformity. This deformity prepositions
the femur in an orientation that is not
conducive to efficient walking®*. The
retracted adductor muscles lead to a
poorly cushioning soft-tissue enve-
lope, further complicating prosthetic
fitting™.

The cross-sectional area of the

Fig. 5-A

Figs. 5-A and 5-B Artist’s drawings of the extended posterior myocutaneous flap. (Re-

printed, with permission, from: Assal M, Blanck R, Smith DG. Extended posterior flap for
transtibial amputation. Orthopedics. 2005;28:544.) Fig. 5-A The long posterior flap is
several centimeters longer than the traditional posterior flap.

Fig. 5-B

A corresponding amount of proximal skin is removed to advance the suture line proximal

to the anterior aspect of the distal tibial region.

adductor magnus is three to four times
larger than that of the adductor lon-
gus and brevis combined. It has a mo-
ment arm with the best mechanical
advantage. Transection of the adductor
magnus at the time of amputation
leads to substantial loss of cross-
sectional area, a reduction in the effec-
tive moment arm, and loss of up to

70% of the adductor pull®*. This re-
sults in overall weakness of the adduc-
tor force of the thigh and subsequent
abduction of the residual femur

(Fig. 7). The decrease in overall limb
strength is due to (1) a reduction in
muscle mass at the time of the ampu-
tation, (2) inadequate mechanical fixa-
tion of the remaining muscles, and (3)
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Fig. 6-B

atrophy of the remaining muscles™?”.

Magnetic resonance imaging has
demonstrated a 40% to 60% decrease in
muscle bulk after a traumatic transfem-
oral amputation. Most of the atrophy is
in the adductor and hamstring mus-
cles, whereas the intact hip abductors
and flexors show smaller changes, rang-
ing from 0% to 30%”. As much as
70% atrophy of the adductor magnus
has been found. The amount of atrophy
correlates with the length of the residual

The appearance of an extended
posterior flap immediately after
closure. The bulbous end will
shrink and smooth contours will
develop with time.

limb, and this atrophy is most likely due
to loss of the muscle insertion.
Electromyographic studies of re-
sidual limbs following transfemoral
amputation have revealed normal mus-
cle phasic activity; however, the active
period of the retained muscles appears
to be prolonged”. The electrical activity
of sectioned muscles varies, depending
on whether the muscles have been rean-
chored and on the length of the residual
femur. Furthermore, asymmetric gait

has been related to residual limb length,
and lateral bending of the trunk has
been correlated directly with atrophy of
the hip stabilizing muscles”.

All of these findings indicate the
need to preserve the hip adductors and
hamstrings. Preservation of a func-
tional adductor magnus helps to main-
tain the muscle balance between the
adductors and abductors by allowing
the adductor magnus to maintain its
power and retain the mechanical ad-
vantage for positioning the femur.
Preservation is best accomplished with
a myodesis. The patient is positioned
supine with a sandbag under the but-
tocks to avoid performing the myode-
sis with the hip in a flexed position and

Fig. 7

Diagram of the resultant forces of the adduc-
tor muscles. The relative insertion sites of
the abductors are indicated. The shorter the
residual femur, the weaker the limb. AB = ad-
ductor brevis muscle, AL = adductor longus
muscle, and AM = adductor magnus muscle.
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Fig. 8-A

Figs. 8-A and 8-B Adductor myodesis method of transfemoral amputation. (Reprinted, with
permission, from: Gottschalk F. Transfemoral amputation: surgical management. In: Smith
DG, Michael JW, Bowker JH, editors. Atlas of amputations and limb deficiencies. 3rd ed.
Rosemont, IL: American Academy of Orthopaedic Surgeons; 2004. p 537-8.) Fig. 8-A Skin
flaps and proposed bone cut. The osseous transection is optimally created at 5 in (12.5 cm)
proximal to the knee joint, but it can be more proximal if necessary. Fig. 8-B The adductor
magnus tendon is secured to the residual femur through drill-holes in the lateral cortex.

thus producing an iatrogenic hip flex-
ion contracture. A tourniquet is gener-
ally not necessary for patients with
peripheral vascular disease. Depending
on the size of the patient, a standard,
or a sterile, tourniquet can be used
when the transfemoral amputation is
being performed because of a trau-
matic injury or a tumor and normal
femoral vessels can be expected.

Equal anterior and posterior
flaps should be avoided, as such flaps
place the suture line under the end of
the residual limb, making prosthetic
fitting more difficult and adequate
muscular padding less likely. A long
medial-based myofasciocutaneous flap
is dependent on the vascular supply
from the obturator artery, which gen-
erally has less severe vascular disease
and is thus preferred (Figs. 8-A and 8-

B)’'. The flap configuration may need
to be modified, in order to preserve re-
sidual limb length, when an amputa-
tion is done after trauma or because of
neoplastic disease. The tendon of the
adductor magnus is detached. The
femoral vessels are identified in
Hunter’s canal and are ligated. The
major nerves should be dissected 2 to 4
cm proximal to the proposed bone cut,
gently retracted, and sectioned with a
new sharp blade. The quadriceps is de-
tached just proximal to the patella,
with retention of some of its tendinous
portion. The smaller muscles, includ-
ing the sartorius and gracilis and the
more posterior group of hamstrings
(biceps femoris, semitendinosus,

and semimembranosus) should be
transected 2 to 2.5 cm longer than the
proposed bone cut to facilitate the an-

choring of those muscles in bone.

The femur is then transected with
an oscillating power saw 12 to 14 cm
proximal to the knee joint to allow suf-
ficient space for the prosthetic knee
joint. Drill-holes are made in the distal
end of the femur to anchor the
transected muscles. The adductor mag-
nus is attached to the lateral cortex of
the femur while the femur is held in
maximum adduction. This allows ap-
propriate tensioning of the anchored
muscle. The hip is positioned in exten-
sion for reattachment of the quadriceps
to the posterior part of the femur, and
the remaining hamstrings are anchored
to the posterior area of the adductor
magnus or the quadriceps™.

Postoperative Care

A soft compression dressing with a
“mini-spica” wrap above the pelvis is
used in the early postoperative period.
Because the residual limb is relatively
short, it is difficult to maintain a rigid
plaster dressing. Range-of-motion ex-
ercises and early walking are encour-
aged. Preparatory prosthetic fitting can
be initiated as soon as the residual
limb appears capable of accepting the
load associated with weight-bearing.
This varies with individual patients
and the experience of the rehabilita-
tion team.

Overview

In conclusion, an amputation should
be considered the first step in the reha-
bilitation of a patient for whom recon-
struction of a functional limb is not
possible. Care should be taken to cre-
ate a residual limb that can optimally
interact with a prosthetic socket to cre-
ate a residual limb-prosthetic socket
relationship capable of substituting for
the highly adaptive end organ of
weight-bearing. A well-motivated pa-
tient in whom the amputation is done
well and who is taught how to use the
prosthesis will be able to return to
most activities.

Michael S. Pinzur, MD
Department of Orthopaedic Surgery and Re-
habilitation, Loyola University Medical Center,
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