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Abstract

An amputation of the lower extremity is erroneously considered as a fail-
ure of conservative care or an unpreventable outcome of diabetes. In the
diabetic population, a lower extremity amputation is often the result of
ischemia or uncontrolled infection. This chapter discusses multiple factors
that should be evaluated to optimize the outcome of any amputation. The
technique and important intraoperative factors when performing an ampu-
tation are discussed. Following an amputation, a rehabilitation process is
begun to return the patient back into the community. Discussed are the
factors that influence a patient’s rehabilitation potential as a community
ambulator.
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The patient sees amputation as the end of produc-
tivity and the start of significant disability.
Amputation should be viewed as a procedure
leading to rehabilitation and return to productiv-
ity for the patient disabled by an ulcerated,
infected, or intractably painful extremity. The
patient needs assurance, and efforts should be
made to follow up the procedure with efforts to
return him or her to productive community activ-
ity. This may involve consultation among the
specialties of medicine, podiatry, orthopedics,
vascular surgery, physiatrist, and prosthetics. As
the patient is rehabilitated and returns to the
activities of daily living, the residual limb and the
contralateral limb must be protected. Revision
amputation and amputation of the contralateral
limb remain significant problems, occurring in as
many as 20% of amputee cases [1].

The goal of any limb salvage effort is to con-
vert all patients’ diabetic feet, from Wagner
grades 1-4, back to grade O extremities. Those
patients with grade 5 feet will require an appro-
priate higher level of amputation. If salvage is
not feasible, then all efforts are made to return
the patient with some functional level of activity
after amputation. The more proximal the ampu-
tation, the higher the energy cost of walking.
This problem is most significant in our patients
who have multisystem disease and limited
cardiopulmonary function. These factors may
negatively impact the patients’ postoperative
independence.

Patients may require several surgical treat-
ments before definitive amputation. Incision and
drainage or open amputation is frequently
required to stabilize acute infection. The param-
eters of healing, to be mentioned later, may not
apply at that time. The goal of the first stage of a
multistaged procedure is simply to eradicate
infection and stabilize the patient. If medical
review of the patient suggests an inability to tol-
erate multiple operations, a higher initial level of
amputation may be indicated foregoing attempts
at distal salvage. However, if salvage is possible
and the patient is medically stable, then a
systematic approach to limb salvage should be
pursued.
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Limb Salvage Versus Limb
Amputation

Enlightened orthopedic care of the new millen-
nium has changed focus from results to outcomes.
Burgess taught us that amputation surgery is the
first step in the rehabilitation of a patient with a
nonfunctionally reconstructable limb [2]. He
taught us to focus on the reentry of the amputees
into their normal activities, setting achievable
functional goals.

Lower extremity amputation is performed for
ischemia, infection, trauma, neoplastic disease,
or congenital deformity. Irrespective of the diag-
nosis, the following questions should be addressed
before either undertaking an attempt at limb sal-
vage or performing an amputation.

1. Will limb salvage outperform amputation and
prosthetic limb fitting? If all transpires as one
could reasonably predict, will the functional
independence of the patient following limb
salvage/reconstruction be greater or less than
amputation and prosthetic limb fitting? This
will vary greatly with age, vocational ability,
medical health, lifestyle, education, and social
status.

2. What is a realistic expectation of functional
capacities at the completion of treatment?
A realistic appreciation of functional end
results should be made with respect to both
limb salvage and amputation. Consultation
with physical medicine and rehabilitation,
social work, and physical therapy can assist in
determining reasonable outcome expectations.

3. What is the time and effort commitment
required for both the treatment team and the
patient? Both the physician and patient must
have a reasonable understanding of the dura-
tion of the rehabilitation process, the inherent
risks involved with revascularization, and the
effort required for both.

4. What is the expected financial cost to the
patient and resource consumption of the health
care system? Direct expenses of diabetic foot
ulceration and amputations were estimated to
cost the US health care payers $10.9 billion in
2001 and increase to $116 billion in 2007.



22 Amputations and Rehabilitation

445

a Velocity

100

2]
5§ & 8

METERS PER MINUTE
=

o

CONTROL  MIDFOOT

ANKLE

T KD TF

b Energy Cost per Meter Walked
Related to Resting O,

012 —
0.10
0.08
0.06
0.04
0.02
0.00

METERS PER MINUTE

CONTROL  MIDFOOT

Fig.22.1 Table of velocity and energy cost. (a) Walking
velocity compared to surgical amputation level. V1 is self-
selected walking speed. V2 is maximum walking speed.

Indirect expense (disability, work loss, and
premature mortality) was estimated at $58
billion [3, 4].

Physical and Metabolic Considerations

Metabolic Cost of Amputation

The metabolic cost of walking is increased with
proximal-level amputations, being inversely pro-
portional to the length of the residual limb and the
number of joints preserved. With more proximal
amputation, patients have a decreased self-selected,
and maximum, walking speed. Oxygen consump-
tion is increased. From an outcomes perspective,
functional independence (functional indepen-
dence measure score) is directly correlated with

ANKLE

1T KD TF

(b) Oxygen consumption per meter walked compared to
surgical amputation level. Note that the metabolic cost of
walking is increased with more proximal-level amputation

amputation levels. Distal-level amputees achieve
proportionally higher functional independence
measure scores (Fig. 22.1) [5-7].

Cognitive Considerations

It is suggested that many individuals with long-
standing diabetes have cognitive and perceptual
deficits (Fig. 22.2) [8§—12]. There are certain spe-
cific cognitive capacities that are necessary for
individuals to become successful prosthetic
users: memory, attention, concentration, and
organization. In order for patients with these
deficiencies to become successful prosthetic
users, they require either specific, successful
education and training or the physical presence
of a caregiver that can provide substitute provi-
sion of these skills.
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Fig.22.2 Cognitive table
and higher HA1C. Patients
with cognitive dysfunction 8.8
(CIB<5 or CDT<13) had
a higher A1C, indicating 8.6----
poorer glycemic control
compared with patients
without cognitive 8.4----
dysfunction (P<0.003
with CIB and P<0.05
with CDT). Grey bar CIB; 8.2
black bar CDT
8.0----
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Load Transfer and Weight Bearing
Our feet act as uniquely adapted end organs of
weight bearing. Following amputation, the resid-
ual limb must assume the tasks of load transfer,
adapting to uneven terrain, and propulsion, utiliz-
ing tissues that are not biologically engineered
for that purpose. The weight-bearing surface of
long bones is wider than the corresponding dia-
physis. This increased surface area dissipates the
force applied during weight bearing over a larger
surface area, and the more accommodative artic-
ular cartilage and metaphyseal bone allow cush-
ioning and shock absorption during weight
bearing.

Direct load transfer, i.e., end bearing, which is
achieved in disarticulation amputations at the
knee and ankle joint levels, takes advantage of

Low High

the normal weight-bearing characteristics of the
terminal bone of the residual limb. The overlying
soft tissue envelope acts to cushion the bone,
much as the heel pad and plantar tissues function
in the foot.

Indirect load transfer, or total contact weight
bearing, is necessary in diaphyseal transtibial and
transfemoral amputation levels, where the sur-
face area and stiffness of the terminal residual
limb require unloading. The weight-bearing load
must be applied to the entire surface area, with
the soft tissue envelope acting as a cushion [13]
(Fig. 22.3).

Soft Tissue Envelope
The soft tissue envelope acts as the interface
between the bone of the residual limb and the
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prosthetic socket. It functions both to cushion the
underlying bone and dissipate the pressures and
forces applied during weight bearing. Ideally, it
should be composed of a mobile, nonadherent
muscle mass and full-thickness skin. If the soft
tissue envelope is adherent to bone, the shear
forces will produce skin blistering, ulceration,
and tissue breakdown. It should be durable
enough to tolerate the direct pressures and pis-
toning within the prosthetic socket.

Fig. 22.3 (a) Direct load transfer (end bearing) is
accomplished in knee disarticulation and Syme’s ankle
disarticulation amputation levels. (b) Indirect load transfer

Healing Parameters

Vascular Perfusion

Amputation wounds generally heal by collateral
flow, so arteriography is rarely a useful diagnos-
tic tool to predict wound healing. Doppler ultra-
sound has been utilized to assess blood flow in
the extremity before amputation. An ankle-
brachial index of 0.45 in the patient with diabetes
has been considered adequate for healing as long

(total contact) is accomplished in transtibial and trans-
femoral amputation levels
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Fig.22.3 (continued)

as the systolic pressure at the ankle was 70 mmHg
or higher. These values are falsely elevated, and
nonpredictive, in at least 15% of patients with
peripheral vascular disease because of noncom-
pressibility and noncompliance of calcified
peripheral arteries [14]. This has prompted the
use of varying noninvasive vascular testing
modalities, including transcutaneous partial pres-
sure of oxygen (TcPO,), skin perfusion pressure
(spp), and toe brachial index (TBI) [15].
Peripheral vascular consultation should be
obtained for patients who do not have adequate

inflow on these exams. The vascular laboratory
can measure toe pressures as an indicator of arte-
rial inflow to the foot. This is owing to the obser-
vation that arteries of the hallux do not seem to be
calcified, as do the vessels of the leg [16—19]. The
accepted threshold toe pressure is 30 mmHg.

Nutrition and Inmunocompetence

Preoperative review of nutritional status is
obtained by measuring the serum albumin and
the total lymphocyte count (TLC). The serum
albumin should be at least 3.0 g/dl and the TLC
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should be greater than 1,500. The TLC is calcu-
lated by multiplying the white blood cell count
by the percent of lymphocytes in the differential.
When these values are suboptimal, nutritional
consultation is helpful before definitive amputa-
tion. If possible, surgery in patients with malnu-
trition or immunodeficiency should be delayed
until these issues can adequately be addressed.
When infection or gangrene dictates urgent sur-
gery, surgical debridement of infection, or open
amputation at the most distal viable level, fol-
lowed by open wound care, can be accomplished
until wound healing potential can be optimized
[20-23]. At times such as with severe renal dis-
ease, the nutritional values will remain subopti-
mal and distal salvage attempts may still be
pursued, but at known higher risk for failure.

Poor glycemic control has been identified as a
risk factor associated with a higher frequency of
amputation (Fig. 22.4) [24, 25]. High glucose
levels will deactivate macrophages and lympho-
cytes and may impair wound healing as well as
having been associated with other postoperative
infections including those of the urinary tract and
respiratory system. Ideal management involves
maintenance of glucose levels below 200 mg/dl
[23]. Howeyver, caution must be taken in manag-
ing the perioperative patient’s glucose with calo-
rie reduction, as this process may lead to
significant protein depletion and subsequent
wound failure. If the patient’s BMI is normal, to
provide maintenance and avoid negative nitrogen
balance, 25 cal/kg is required.

The combined wound healing parameters of
vascular inflow and nutritional status have been
studied and shown to significantly affect healing
rates for pedal amputations. Attempting to opti-
mize nutrition and perfusion preoperatively, when
medically possible, will limit the risk of wound
complications and failure.

Perioperative Considerations

Pedal amputations may be performed under local
or regional anesthesia. The effectiveness of local
anesthetics may be impaired by the presence of
infection and may need to be administered
proximal to any cellulitis. When amputating
above the ankle, spinal or general anesthesia will
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be necessary. Spinal anesthesia is contraindicated
in the patient with sepsis demonstrated by fever
over 100°F.

Culture-specific antibiotic therapy should be
continued perioperatively. If the focus of infec-
tion is completely removed with amputation, then
the antibiotics may be discontinued 24 h after
surgery. If, however, infection remains a concern,
then antibiotics are continued for a soft tissue
course of 10-14 days, or 6-8 weeks for bone
infection.

Tourniquets may be needed to control bleed-
ing at surgery. The surgeon must ensure that the
tourniquet is not placed over a vascular anasto-
mosis site or distal to an area of infection. The
patient with severe vascular compromise will not
require a tourniquet.

Preoperative Summary

Preoperative planning for distal limb salvage pro-
cedures should include the measurement of serum
albumin, TLC, and tissue perfusion. With satis-
factory values in all three categories, healing
rates as high as 90% may be attainable. However,
at least 10% of even ideal cases may fail. With
impaired nutrition or perfusion, the risk of failure
becomes even greater. The patient should be
informed of these risks. Efforts should be made
to use this information to plan procedures at lev-
els that will limit the patient’s exposure to multi-
ple revision attempts. A single surgical session
for a transtibial amputation may be preferable to
multiple futile attempts at distal salvage in
severely compromised or borderline cases.

Ray Amputations
Indications

Single toe amputation or ray resection may be
performed for irreversible necrosis of a toe with-
out medial or lateral extension. Deep infection of
an ulcer to bone is also an appropriate indication
for toe amputation. If uncontrollable infection
extends to the metatarsal-phalangeal joint or
metatarsal head, ray resection is appropriate. This
procedure is also useful for infection or necrosis
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of the toe, requiring more proximal resection to
obtain viable wound margins.

Ray resection is an excellent method of
decompressing deep fascial infection limited to
one compartment of the plantar structures of the
foot, be that medial, lateral, or central. In such
cases, the wound is always left open to allow con-
tinued drainage and resolution of the acute infec-
tion. Once stabilized and healing parameters are
optimal, the open ray may be followed by a more
proximal, definitive procedure [26].

Procedure

First and fifth ray amputations are a wedge resec-
tion of the digit and the incision converges along
the medial or lateral aspect of the metatarsal,
respectively.

Central ray incisions are different from those
of the first and fifth rays. Incisions are made on
the medial and lateral aspects of the base of the
digit and extend proximally on the dorsal and
plantar aspects of the foot to converge over the
individual metatarsal. If ulceration is present, as
frequently occurs plantar to the metatarsal head,
the ulcer is resected along with the wedge of soft
tissue that includes the affected toe. The initial
incisions are carried to bone, and the toe is disar-
ticulated at the metatarsal-phalangeal joint. The
periosteum of the metatarsal is reflected as far
proximally as necessary down the shaft of the
bone in order to assure that the resection is
performed at a level of viable, noninfected bone.
The bone is usually cut at the proximal diaphysis
or diaphyseal-metaphyseal junction. It is rarely
necessary to do the extensive dissection required
to disarticulate the metatarsal-cuneiform joint.

Once the bone is removed from the wound,
the foot is compressed from proximal to distal to
assure that there is no remaining ascending puru-
lent drainage. If the flexor or extensor compart-
ments reveal purulence on compression, then
they are opened and irrigated to clean out any
remaining apparent infection. If the ray resection
was performed for metatarsal or plantar space
infection, it is left open to allow healing by sec-
ondary intention or a delayed primary procedure
(Fig. 22.5a, b).
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Postoperative Care

The only ray resection that should be closed
primarily is that performed for infection local-
ized to the toe, with clearly viable wound edges,
and no suggestion of proximal infection. In this
case, a gauze dressing is applied and the patient
is maintained in a postoperative shoe until healed.
A cane or walker is utilized for protected weight
bearing.

In cases where the wound is left open, culture
directed antibiotics should be administered for
soft tissue or bone infection depending on the
extent of the infection. Infectious disease service
consultation is advisable. The open wound should
be treated according to the surgeon’s preferred
protocol. If there is significant depth and/or drain-
age of the wound, you may contemplate the use
of alginates or a negative pressure system.
Packing should be sufficient to absorb excess
drainage, but not aggressive enough to interfere
with wound contraction. The foot should be
protected from full weight bearing during this
time with the appropriate gait-assistive device.

Once healing has been achieved, the patient
should have a prescription for protective foot
gear. If there is evidence of pressure keratosis
developing adjacent to the ray resection site, the
patient should be seen in clinic as necessary to
pare the callus in order to prevent transfer
ulceration.

Complications

Persisting infection is rare if the wound was ade-
quately debrided at the time of the ray resection.
However, if residual infection is suspected, follow-
up surgical debridement should be done. Wound
failure may be owing to inadequate healing
parameters, such as impaired blood flow or
abnormal serum albumin. Such metabolic wound
failures may require more proximal amputation
to obtain healing.

The most common late complication of ray
resection is transfer lesion and reulceration. If
pressure keratosis cannot be managed with debri-
dement and prescription shoes, then resection of
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Fig.22.5 (a) Plantar third metatarsal head ulcer. (b) Dorsal skin incision. (¢) Patient after third ray amputation. Note
that the plantar ulcer was also excised

the remaining metatarsal heads or more proximal
amputation may become necessary [27].

Transmetatarsal and Lisfranc
Amputation

Indications

The indications for amputation in a diabetic foot
include irreversible necrosis of a significant por-
tion of bone or tendon, uncontrollable infection,
or intractable pain. If ulceration is present for a
prolonged period of time, not responsive to non-
surgical treatment, and is causing significant dis-
ability, amputation of the ulcerated part may be a
necessary step to rehabilitation. If the amputation
is to be at the level of the toes, foot, or ankle,

attention should be directed at well-established
vascular and metabolic parameters to assure a
reasonable chance for healing success.
McKittrick et al. [28] advocated the trans-
metatarsal amputation in 1949 for infection or
gangrene of the toes in diabetic patients. Wagner,
in 1977, subsequently recommended this ampu-
tation for use in patients with diabetic foot com-
plications [29], advocating preoperative vascular
review. He advised that Doppler studies demon-
strating an ankle-brachial artery index greater
than 0.45 could predict healing of the procedure
with 90% accuracy. The authors’ group reviewed
64 transmetatarsal and Lisfranc amputations in
1986 [30]. These amputations were performed
for gangrene of the forefoot or forefoot ulcers
recalcitrant to nonsurgical attempts at healing.
Their results indicated that patients with Doppler
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Fig. 22.6 (a) The Sanders’ technique for plantar flap revision with transmetatarsal amputation in the presence of a
distal plantar ulcer. (b) The margins of the ulcer site are then approximated with closure as shown

ankle-brachial artery index above 0.5, combined
with serum albumin levels greater than 3.0 g/dl
and TLC greater than 1,500/cm?, healed at a rate
of 92%. Those patients lacking one or more of
these three indicators healed at a rate of 38%.

As stated earlier, amputation of a single toe or
metatarsal may be successfully performed for
patients with a localized ulceration if preopera-
tive healing indices are satisfactory. However,
even if early healing is achieved, there can be sig-
nificant transfer ulceration following such proce-
dures leading to later complications [26].

This experience suggests that transmetatarsal
amputation may be a more definitive procedure
for the management of forefoot ulceration.
Transmetatarsal amputation may be considered
for patients with more than one ulceration or site
of necrosis of the forefoot. Likewise, this proce-
dure may be considered in cases with a signifi-
cant nonhealing ulceration and other foot
deformities that are likely to lead to subsequent
ulcer. However, transmetatarsal amputation, in
itself, does not assure that no further ulceration of
the foot is likely.

In our long-term review of midfoot amputa-
tions including transmetatarsal and Lisfranc pro-
cedures, 9 out of 64 feet sustained new ulcerations

within the first year after healing the primary pro-
cedure [31]. The source of these ulcerations
included hypertrophic new bone formation and
subsequent varus or equinus deformity. These
dynamic deformities occurred more in Lisfranc
amputations, where muscle imbalance was likely
to occur because of the loss of the attachments of
the peroneals and extensors.

Plantar ulceration under the metatarsals may
deter the surgeon from a transmetatarsal amputa-
tion, favoring a more proximal, yet more poorly
functional, procedure because of the inability to
preserve a long plantar flap for closure of the pro-
cedure. However, Sanders has demonstrated that
a V-shaped excision of the ulceration, with the
apex proximal and the base at the junction of the
dorsal and plantar flaps, allows conversion of
the wound from a simple transverse incision to a
T-shaped closure [32]. This produces a longer,
ulcer-free flap that can be closed over a trans-
metatarsal procedure, rather than requiring a
more proximal Lisfranc operation to eliminate
the plantar ulcer.

The specific indications for transmetatarsal
amputation remain similar to McKittrick’s, ulcer
or gangrene of the toes. Thanks to Sanders plan-
tar flap modification (Fig. 22.6), metatarsal head
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ulceration is also an appropriate indication for
this procedure, when not responding to nonsur-
gical treatment. Ulceration or infection of a sin-
gle toe may be treated with an isolated ray
resection, understanding a risk of transfer ulcer-
ation. If that risk is increased by obvious ulcer-
ative deformity in other parts of the foot, then
transmetatarsal or the slightly more proximal
Lisfranc amputation becomes more appropriate.
All of these procedures are most likely to heal
when albumin, TLC, and arterial inflow meet
recognized minimal standards described above.
Before definitive midfoot amputation, acute
infection should be stabilized by incision and
drainage, debridement, or ray resection. Residual
infected tissue present at the time of the defini-
tive procedure can be expected to compromise
success, and should be eliminated in a staged
procedure, if necessary. If these criteria cannot
be met, then higher amputation may be more
appropriate.

Technique

This procedure can be performed with monitored
anesthesia care, and spinal or ankle block. General
anesthesia is rarely necessary. Appropriate medi-
cal clearance should be obtained regarding glyce-
mic management and cardiovascular risks.

The transmetatarsal and Lisfranc amputations
differ in technique mainly at the point of detach-
ment of the forefoot from the hindfoot. The trans-
metatarsal procedure is osteotomized through the
metatarsal bases, leaving the insertion of tibialis
anterior, peroneus longus, and peroneus brevis
intact. The metatarsal osteotomy should be per-
formed through the proximal metaphysis in order
to avoid long plantar metatarsal shafts and irregu-
lar parabola that might later result in plantar
stump ulceration. The Lisfranc amputation
requires disarticulation at the metatarsal-
cuneiform and -cuboid joints, resulting in loss of
the tendon insertions mentioned previously. The
writer has made occasional attempts to preserve
the base of the fifth metatarsal and peroneus bre-
vis insertion, but this is not always practical.

C. Napolitano et al.

The procedure begins with a dorsal incision
across the metatarsal bases, from the medial to
the lateral side of the foot, deferring the plantar
incision for the time being. If no tourniquet is
used, staging the incision like this avoids dealing
with bleeding from both the top and bottom of
the foot at the same time. The incision is carried
to bone through the dorsal tendons and neurovas-
cular structures. Significant vessels, such as dor-
salis pedis, are identified and ligated. The
periosteum of the metatarsal bases is incised and
reflected using an elevator to expose either the
site of the intended osteotomy or the metatarsal-
tarsal articulation.

If a transmetatarsal amputation is to be per-
formed, the osteotomies are now initiated. Using
a power saw, the first metatarsal is cut, directing
the plane slightly medially and plantarly. The
second, third, and forth metatarsals are cut,
taking care to produce a smooth parabola, leav-
ing no residual metatarsal particularly longer
than the adjacent bone. The fifth metatarsal is cut
last, directing the plane slightly lateral and plan-
tar. At this point, the plantar incision is made,
initiated at a 90° or less angle to the dorsal inci-
sion, carried distally to the sulcus, around the
metatarsal heads, and then posteriorly along the
lateral side of the foot to the fifth metatarsal base.
The incision should be carried to bone as much as
possible. If plantar metatarsal head ulceration is
present, it should be excised using a V-shaped
wedge, directing the apex proximally and the
base distally at the level of the distal transverse
incision. When this is closed, it results in a
T-shaped flap.

The metatarsals may now be lifted from the
plantar flap from proximal to distal, dissecting
along the metatarsal shafts in order to preserve as
much of the soft tissue structures in the plantar
flap as possible. The remaining distal attachments
of the metatarsal heads are cut, and the forefoot is
removed. Significant vascular structures should
be ligated. The entire wound should be thor-
oughly irrigated. Remaining fibrous, ligamen-
tous, and exposed tendinous structures should be
cleanly cut from flap. Minimal debulking of
the remaining intrinsic muscle structures may be
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Fig. 22.7 (a) Dorsal incision with exposure of metatar-
sal. (b) Proximal metatarsal osteotomies to provide suffi-
cient soft tissue coverage

performed if necessary to obtain approximation.
However, as much of the viable tissue of the plan-
tar flap as possible should be preserved (Figs. 22.7
and 22.8).

The technique is similar for a Lisfranc ampu-
tation, except that the metatarsal cuneiform and
cuboid articulations are detached instead of the
metatarsal osteotomy. The first cuneiform is

invariably long, and needs to be ronguered or cut
proximally to a smooth parabola with the remain-
ing metatarsals. This cut should be directed
slightly medially and plantarly. Articular carti-
lage from the remaining tarsals is ronguered to
bleeding cancellous bone. Since adapting
Sanders’ plantar flap technique, the writer per-
forms very few Lisfranc procedures because of
the obvious functional disadvantage of varus and
equinus associated with this procedure. If a
Lisfranc is the only option, tibialis anterior is
released from the medial side of the first cunei-
form and a percutaneous tendo-Achilles length-
ening is performed.

Prior to closure, the wound should be thor-
oughly irrigated. If a tourniquet is used, it should
be released and significant hemorrhaging vessels
ligated. Because the procedure leaves relatively
little dead space, drains are rarely necessary. The
wound is closed in two to three layers, starting
with sutures placed in the middle of the planar
flap musculature and approximated to the inter-
metatarsal or intertarsal ligamentous structures.
Then, subcutaneous sutures are passed from the
distal deeper layers of the flap to the dorsal reti-
naculum. Finally, the skin is closed with mattress
or simple interrupted sutures of 3-0 nylon as
needed to obtain a satisfactory incision line.

Postoperative Care

Mild compression and protection of flap from
tension are the writer’s objectives in immediate
postoperative wound care. In order to accomplish
this, a soft gauze roll dressing is applied from the
foot to the ankle. Moderated compression is
applied, with minimal force directed from plantar
to dorsal in order to protect the plantar flap from
undue stress on the incision line. Then, two to
three layers of cast padding are applied from
the foot to the tibial tuberosity, maintaining the
foot and ankle in neutral position, neither dorsi-
flexed nor plantar flexed. Finally, several layers
of 5x30" plaster of Paris splints are applied
posteriorly from the tip of the residual foot to the
calf, distal to the knee. The splints are wrapped
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Fig.22.8 (a, b) Healed transmetatarsal amputation without equinus, lateral and DP view

with another two layers of cast padding, and an
ace wrap secures the entire dressing. This resem-
bles a Jones dressing, protecting the wound from
any contusions and from any dorsal or plantar
tension.

This dressing is left in place for approximately
48 h before the wound is inspected. A similar
dressing is maintained for 2—4 weeks until the
incision line is clearly stable. During this time,
the patient is instructed in the use of crutches, a
walker, or wheel chair with leg elevation. Little
or no weight bearing on the operated foot is
allowed until the wound is clearly stable and free
of risk of major dehiscence. Occasional superfi-
cial dehiscence may occur, especially in high-risk
patients. This is treated like any other grade I
ulcer with cleansing, debridement, and topical
wound care measures until healed. Major postop-
erative dehiscence, infection, or necrosis of the
plantar flap will likely require revision surgery.

Complications

Wagner has stated that distal amputations can be
expected to heal up to 90% of the time in diabet-
ics who exhibit adequate circulation as deter-
mined by Doppler examination demonstrating
ankle-brachial artery index of 0.45 or better [29].
The authors’ group confirmed that healing could
be achieved in over 90% of patients with diabetes

undergoing midfoot amputation if ankle-brachial
artery index is over 0.5, serum albumin is greater
than 3.0 g/dl, and TLC is over 1,500/cm? [30].
However, we have also noted that up to 42% of
midfoot amputations may suffer some form of
complication, even though the majority may ulti-
mately heal their surgical wounds [31]. The com-
plications include early wound dehiscence and
late reulceration, which can be treated success-
fully to result in limb salvage in most cases.
Patients most likely to suffer wound dehiscence
include those with marginal vascular indices and
low serum albumin. This is especially true in
renal failure patients. These prognostic indicators
should be taken into consideration in preopera-
tive planning and discussed with the patient.
Those at high risk for failure may be better served
by a higher amputation more likely to heal with
one operation.

Biomechanical abnormality resulting from
muscle imbalance can result in dynamic varus,
producing lateral foot ulceration. This is particu-
larly true in Lisfranc amputations because of the
varus pull of an unopposed tibialis anterior.
Tibialis anterior tendon transfer in some cases
can successfully treat this. Armstrong and associ-
ates [33] noted that bone regrowth after partial
metatarsal amputation resulted in a significantly
increased risk of reulceration. This regrowth was
likely to occur in metaphyseal procedures, in
males, when manual bone-cutting equipment was
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utilized. In our experience, these reulcerations
can be treated with aggressive exostectomy of
the underlying bone and standard subsequent
wound care.

Long-Term Follow-Up Needs

Patients with a history of ulceration remain at
high risk for reulceration, even after the foot has
been returned to grade O by a surgical procedure.
The patient who has undergone any form of par-
tial foot amputation should be placed in a high-
risk foot clinic for regular follow-up visits. Both
short- and long-term complications have been
recognized. Even though the benefits of distal
limb salvage are well accepted, biomechanical
review and management visits must be included
in aftercare for the amputation to be successful
[34]. Early on, the wound should be protected
with a posterior splint or cast and limited weight
bearing. Rehabilitation should include crutch or
walker training, if feasible. If the patient cannot
use gait-assistive devices, a wheel chair with leg
lift and instruction in wheel chair mobility and
transfer techniques should be provided. These
protective measures should be continued until
wound is clearly healed.

Later, protective foot care or even a plastazote-
lined ankle—foot orthosis may need to be pre-
scribed for adequate protection. Although many
patients may function well with an oxford shoe
and anterior filler, others may need more elabo-
rate orthotic management. Custom-made short
shoes, rocker bottom shoes with a steel shank and
anterior filler, or conventional shoes with an
ankle—foot orthosis have all been advocated. Each
patient should be observed carefully as they
return to full ambulation to determine the need
for orthotic management. Computer-assisted
pressure mapping may be helpful in determining
the success of any device in off-loading residual
pressure points. If keratotic lesions should
develop, these should be considered preulcerative
and debrided regularly before ulceration can
occur [35-37].

Transmetatarsal and Lisfranc amputations
have the benefit of improved function and patient
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acceptance over higher amputation for individu-
als suffering from serious forefoot infection,
ulceration, or gangrene. However, these opera-
tions must be recognized as high-risk procedures.
Nevertheless, with appropriate preoperative plan-
ning, meticulous surgical technique, protective
postoperative care, and long-term follow-up,
midfoot amputations can be successful limb sal-
vage techniques for most patients undergoing
these procedures.

Chopart Amputation
Indications

Francoise Chopart described disarticulation
through the midtarsal joint while working at the
Charitable Hospital in Paris in the 1800s [38].
The operation has been thought to have limited
applications because the residual foot is suscep-
tible to progressive equinovarus deformity. The
Chopart amputation is gaining new favor because
the length of the limb is retained and the potential
complications of the procedure can be success-
fully addressed. Combining ankle fusion with
hindfoot amputation allows apropulsive ambula-
tion with a modified high-topped shoe [38—41].

Amputation levels are usually chosen on the
basis of tissue viability and residual limb func-
tion. A Chopart-level amputation may be consid-
ered when the longer transmetatarsal or Lisfranc
amputation level is not an option because of the
extent of forefoot tissue necrosis. Half of all
patients undergoing an initial nontraumatic
amputation will likely require an amputation of
the contralateral limb [42]. As discussed earlier,
there is a higher metabolic requirement for ambu-
lation in those patients who undergo more proxi-
mal amputations. Therefore, the decision on
amputation level should attempt to maximize the
patients’ mobility and independence by preserv-
ing length whenever possible, thus making the
Chopart amputation useful in cases where more
distal foot procedures are not feasible.

An open Chopart amputation is useful to pro-
vide resection of grossly infected forefoot struc-
tures, as a stage-I procedure, anticipating a higher
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definitive procedure, such as a Boyd or Syme’s
amputation. The open Chopart amputation proce-
dure disarticulates the foot at the level of the cal-
caneocuboid and talonavicular joints, leaving the
articular surfaces intact. The proximal spread of
infection may be less likely with the cancellous
spaces unopened [43]. During the open Chopart
procedure, care must be taken to visualize and
resect all necrotic and/or nonviable tissue.
Compression of the limb proximal to the open
amputation site is done manually to identify
purulent drainage from the compartments of the
leg. If purulence is expressed with compression,
then the affected compartment must be incised
and irrigated to provide adequate drainage. Once
the acute infection is resolved and the healing
parameter indices are suggestive of healing, the
open Chopart may be revised to a definitive
amputation. If the surgeon anticipates that the
acute infection may be stabilized and healing is
anticipated at the Chopart level, then care must
be taken to retain sufficient soft tissue to provide
coverage of the residual foot.

The prerequisite for a definitive Chopart
amputation is that the plantar heel pad and ankle/
subtalar joint articulations are not compromised
[44]. A definitive Chopart amputation is consid-
ered if the forefoot infection extends proximal to
the metatarsal bases and neither a transmetatarsal
nor a Lisfranc amputation can be salvaged.
Reyzelman et al. [45] suggest that a Chopart
amputation is more advantageous than a short
transmetatarsal or a Lisfranc amputation because
it does not disrupt the transverse arch of the foot.
The disruption of the transverse arch creates an
overpowering of the tibialis anterior, tibialis pos-
terior, and gastrocnemius muscle to the peroneus
brevis muscle. The muscle imbalance created in
the short transmetatarsal or Lisfranc amputation
may lead to a varus rotation of the residual foot.
A frontal plane rotation of the weight-bearing
surface of a Chopart amputation is less likely to
occur, unless the calcaneus or ankle is structur-
ally in varus [46]. The Chopart amputation does,
however, lead to an equinus deformity because of
the unopposed pull of the Achilles tendon. An
Achilles lengthening and/or performing a tibialis
anterior transfer at the time of the definitive clo-
sure may address this.

C. Napolitano et al.
Technique

The dorsal incision begins from the tuberosity of
the navicular extending dorsolateral to the mid
cuboid level. The medial and lateral incisions are
carried distally to the mid shaft level of the first
and fifth metatarsals and continued transversely at
this level along the plantar aspect of the foot. These
incisions form a “fishmouth” creating a dorsal and
plantar flaps. The incisions are deepened to expose
the talonavicular and calcaneocuboid joints. The
tibialis anterior should be identified and preserved
for later transfer to the talar neck. The remaining
soft tissue structures are incised to complete the
disarticulation of the forefoot from the rearfoot.
The articular cartilage of the talus and calcaneus
should be resected creating a flush surface when
the definitive procedure is being performed. The
tibialis anterior tendon may be attached to the talar
neck by the surgeon’s preferred method. If a tour-
niquet has been utilized, it is deflated and hemo-
stasis is achieved. Once you have completed
deep closure, the skin edges are then reapproxi-
mated and secured, ensuring no excessive tension.
A drain is necessary only if there is significant
loose soft tissue, or if excessive bleeding is antici-
pated, to prevent hematoma formation. After the
surgical site has been primarily closed, the Achilles
tendon is lengthened by the surgeon’s preferred
method to limit later equinus deformity. A sterile
compressive dressing and a posterior splint are
applied to the lower extremity, as was described
for transmetatarsal/Lisfranc amputation.

Postoperative Care

The patient is maintained non-weight bearing in
a posterior splint or below-knee cast until the
wound is healed for up to 6 weeks if necessary.
The Chopart amputee without equinus is capable
of ambulating in an extra inlay depth shoe with a
forefoot filler but functions best with a polypro-
pylene solid AFO prosthesis with a foam filler
[43]. The prosthesis helps to eliminate or mini-
mize the pistoning motion of the distal amputa-
tion in a normal shoe. If the Chopart amputee has
an equinus, then he or she should be fitted for a
clamshell prosthesis (Fig. 22.9 Chopart) [47].
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Complications

Infection or wound failure is not a complication
specific to the Chopart amputation but is more
likely if performed on patients who did not meet
the generally accepted vascular and nutritional
parameters described earlier. Care must be taken
to fashion the flaps to provide adequate coverage
for the residual foot without soft tissue being
secured under excessive tension, as this may lead
to wound dehiscence and/or devitalization.
Equinus deformity can still occur even if Achilles
lengthening is performed. The development of a
plantar ulceration in a plantarflexed residual foot
is a common occurrence and may lead to revision
surgery. As always, close postoperative follow-
up and early intervention may minimize these
problems.

In spite of these shortcomings, the Chopart
amputation remains useful as an early incision
and drainage procedure to stabilize acute infec-
tion. It is also useful as a definitive procedure in

Fig.22.9 (a) A fiberglass cast with a distal rubber bum-
per and a medial window is used as a temporary prosthesis
to allow early ambulation for the Syme’s amputation
patients. (b) A thermoplastic variation of a temporary

select cases because of its advantage of limb
length and tissue preservation.

Transmalleolar Amputation:
The Syme’s Procedure

Indications

Hindfoot amputation, to be successful, must pro-
duce a reliable result with a long-lasting and
functional residual limb. Chopart’s amputation
at the talonavicular and calcaneal-cuboid joints
creates significant muscle imbalance frequently
resulting in ankle equinus and ulceration. The
Boyd amputation has also been advocated [48].
This procedure involves fusion of a portion of
the calcaneus to the distal tibia. The advantage is
that the heel pad remains well anchored to the
calcaneus. An additional problem becomes evi-
dent in attaining union of the tibia to calcaneus.
There may also be difficulty in prosthetic fitting.

prosthesis with a prosthetic foot attached. In a patient with
very limited ambulation, this may also serve as permanent
prosthesis. (¢) A variety of Chopart prostheses have been
advocated. This prosthesis has a posterior closure



460

C. Napolitano et al.

Fig.22.9 (continued)

The residual limb remains long and there is
inadequate space to place a dynamic-response
prosthetic foot without raising the height of the
contralateral limb to compensate for this addition.
It is unknown whether this height difference
results in gait problems for the diabetic patient.

The Syme’s amputation is performed through
the malleoli and results in physiologic weight
bearing throughout the residual limb. The fat pad
takes load directly and transfers this directly to
the distal tibia [49]. With the use of dynamic-
response feet, this amputation level results in
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decreased energy expenditure with ambulation
compared to higher procedures or midfoot ampu-
tation [50-53]. Contraindications for this proce-
dure include local infection or gangrene at the
level of the amputation, and inadequate nutri-
tional and vascular parameters to sustain distal
healing. Healing may achieved using this proce-
dure with serum albumin levels as low as 2.5 g/dl
[49]. Heel ulceration has been considered a con-
traindication to a Syme’s procedure in the past.
However, an anterior flap may be useful in
patients with a nonviable heel pad [52, 54].
A long-term review of this procedure modifica-
tion in a significant series of patients has not yet
been performed.

Procedure

The incision is placed anteriorly across the ankle
mortise and then in a stirrup fashion across the
anterior heel at the level of the malleoli. The inci-
sion is deepened at the anterior ankle and the
ankle capsule is incised transversely. The ankle
ligaments are released sharply and the talus is
displaced anteriorly in the mortise. A bone hook
is placed into the talus and used to anteriorly dis-
tract the talus so that soft tissues may be freed
from the talus and the calcaneus. Care is exer-
cised at the posterior calcaneus to prevent but-
tonholing of the skin while releasing the soft
tissues. Once free, the residual foot is removed
from the wound and the wound is thoroughly irri-
gated. The residual tendons are gently distracted
0.5-1 cm and sectioned. If needed, the anterior
ankle vessels may be ligated with appropriate
suture. Anterior and posterior margins of the dis-
tal tibia may require debridement to diminish
excessive spurring. Two drill holes may be placed
in posterior tibia and/or the anterior tibia. A heavy
absorbable suture (0) may be utilized through the
drill holes to anchor the plantar fascia to the dis-
tal tibia. The anterior aspect of the residual plan-
tar fascia is sutured into the anterior ankle capsule
and the subcutaneous tissues and skin are closed
in layers. A medium hemovac drain is placed
prior to closure. A posterior splint or a short leg
cast is placed. The drain is removed 2448 h after
surgery.
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Postoperative Care

The patient may begin assisted/partial weight
bearing at 3-5 days and is maintained in a short
leg cast for 3-6 weeks. The patient is then
advanced to a fiberglass cast temporary prosthe-
sis with a rubber bumper distally. Once the
patient’s limb has matured and there is minimal
residual edema, the patient is fitted for a Canadian
Syme’s prosthesis with a dynamic-response foot
(Fig. 22.10a, b). Full activity is resumed. The
need for physical therapy gait training is
unusual.

Complications

Healing rates for this level vary from 70 to 80%.
Early complications with the wound may occur
in up to 50% of the patients. Most of these prob-
lems may be treated with local wound care, total
contact casting, and culture-specific antibiotic
therapy. Other problems include heel pad migra-
tion and new bone formation. Heel pad migration
has become less frequent with anchoring of the
fascia. Should new bone formation become sig-
nificant or cause ulceration, exostectomy may
become necessary [49].

Transtibial or Below-Knee Amputation

Indications

Individuals with transtibial amputation provide
the largest population of patients that are capable
of achieving meaningful rehabilitation and func-
tional independence following lower extremity
amputation. The most predictable method of
obtaining a durable residual limb is with a poste-
rior myofasciocutaneous flap [55]. This level
takes advantage of the plastic surgical tissue
transfer technique of a composite tissue flap
without dissection between layers, thus mini-
mizing the risk for devascularization of the over-
lying skin.

Procedure
The optimal tibial transection level to optimize
functional ambulation is a tibial length of
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Fig.22.10 (a) A well-performed Syme’s amputation with tapered stump and heel pad. (b) Syme’s prosthesis with and
without prosthetic foot
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Fig.22.11 (a, b) Posterior myofasciocutaneous flap used in transtibial amputation level

12—-15 cm distal to the knee joint. The fibular
amputation level in the past has been advised to
be approximately 1 cm shorter than the tibia. In
order to optimize the weight-bearing platform of
the transtibial amputation stump, it is now felt
that the fibula level should be just a few milli-
meters shorter than the tibia. The length of the
posterior flap should be equal to the diameter of
the limb at the level of the tibial transection level,
plus 1 cm. A short “fishmouth” should be used on
the anterior aspect of the stump to place the surgi-
cal scar in a better area for prosthetic fitting. The
longitudinal component of the flap should range
from one-third to one-half of the width of the
limb, depending on the bulkiness of the leg.
Thinner limbs with more tenuous blood supply
are better performed with a width of approaching
50%, while the amputation stump in obese
patients are best created with a width of approxi-
mately one-third the diameter (Figs. 22.1 and
22.11a).

The anterior corner of the tibia should be bev-
eled to decrease the shear forces on the anterior-
distal aspect of the amputation stump. Historically,
the posterior fascia of the gastrocnemius muscle
has been sutured to the end of the anterior com-
partment fascia and the periosteum of the tibia. In
order to create a better soft tissue envelope and
enhance weight bearing, it is now advised to use
a version of the ‘“extended posterior flap” as
described by Smith et al. [56]. In this method, the
posterior gastrocnemius fascia is sutured to
the anterior compartment of the leg and the

periosteum of the tibia at a level of 1-2 cm
proximal to the bony transection.

Postoperative Care

Postoperatively, a rigid plaster dressing is applied
[57]. Weight bearing with a prosthesis is initiated
at 5-21 days, based on the experience and
resources of the rehabilitation team (Fig. 22.12).

Knee Disarticulation

Indications

Knee disarticulation is generally performed in
patients with the biologic capacity to heal a surgi-
cal wound at the transtibial level, but they are not
projected to walk with a prosthesis [58, 59]. In
selected patients, it provides an excellent direct
load transfer residual limb for weight bearing in a
prosthesis. In limited household walkers or in
feeble amputees with limited ambulatory capac-
ity, this level takes advantage of the intrinsically
stable polycentric four-bar linkage prosthetic
knee joint. The enhanced inherent stability of this
prosthetic system decreases the risk for falls in
this limited ambulatory population.

Procedure

The currently recommended technique takes
advantages of the accepted transtibial posterior
myofasciocutaneous flap [60]. The skin incision
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Fig.22.12 Standard below-knee total surface-bearing prosthetic socket and silicone suspension sleeve

Fig. 22.13 Posterior myofasciocutaneous flap used in
knee disarticulation amputation

is made transversely midway between the level of
the inferior pole of the patella and the tibial
tubercle, at the approximate level of the knee
joint. The length of the posterior flap is equal to a
diameter plus 1 cm (as with transtibial). The
width of the flap again varies with the size of the
patient, ranging between the posterior and middle
thirds of the circumference of the leg (Fig. 22.13).
The patellar ligament is detached from the tibia,
and the capsule of the knee joint is incised
circumferentially. The cruciate ligaments are
detached from the tibia. A full-thickness posterior
myofasciocutaneous flap is created along the
posterior surface of the tibia. The soleus muscle
is generally removed, unless it is needed to pro-
vide bulk. The gastrocnemius muscle is transected
at the level of the posterior skin incision, with no

creation of a tissue plane between the muscle and
skin layers. The patellar ligament is then sutured
to the distal stumps of the cruciate ligaments with
nonabsorbable suture. The posterior gastrocne-
mius fascia is then sutured to the patellar liga-
ment and knee joint retinaculum retained. The
skin is reapproximated by suture or skin staples,
and a rigid postoperative plaster rigid dressing.

Postoperative Care

Early weight bearing with a preparatory prosthe-
sis or pylon can be initiated when the tissues of
the residual limb appear secure. A locked knee or
polycentric four-bar linkage prosthetic knee joint
can be used, depending on the walking stability
of the patient (Figs 22.14a).

Transfemoral or Above-Knee
Amputation

Indications

Gottschalk has clearly shown that the method of
surgical construction of the transfemoral residual
limb is the determining factor in positioning the
femur for optimal load transfer [61]. Standard
transfemoral amputation with a fishmouth
incision disengages the action of the adductor
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Fig. 22.14 (a) Knee diarticulation polycentric four-bar
linkage knee joint with preparatory prosthetic. (b) Knee
disarticulation amputee with polycentric four-bar linkage
knee

musculature. By disengaging the adductor mus-
cles, the femur assumes an abducted, nonfunc-
tional position. This relative functional shortening
of the abductors produces an apparently weak
abductor gait pattern. By using an adductor-based
myocutaneous flap, the adductor muscles can be
secured to the residual femur, allowing the femur
to be appropriately prepositioned within the pros-
thetic socket [62].

Procedure

In order to accommodate a prosthetic knee joint,
the optimal bone transection level is 12-15 cm
proximal to the knee joint. The soft tissue enve-
lope is composed of a medial-based myofascio-
cutaneous flap. The flap, including adductor
magnus insertion, is dissected off the femur. After
securing hemostasis and cutting the bone, the
adductor muscles are secured to the lateral cortex
of the femur via drill holes, under normal resting
muscle tension. The anterior and posterior mus-
cle flaps are also secured to the residual femur via
drill holes. Careful attention is taken to secure the
muscles to the residual femur with the hip posi-
tioned at neutral flexion—extension so as to avoid
an iatrogenic hip flexion contracture, so often
produced by repairing the soft tissues with the
residual limb being propped on bolsters during
wound closure.

Postoperative Care

An elastic compression dressing is applied, and
weight bearing with a preparatory prosthesis is
initiated when the wound appears secure
(Fig. 22.15).

Hip Disarticulation

Few hip disarticulation amputees become func-
tional prosthetic users. Whether sitting in a chair
or “sitting” in a prosthetic socket, the weight-
bearing platform can be enhanced by retaining
the femoral head within the socket.

Rehabilitation

Surgical amputation should be the first step in the
rehabilitation of the patient. Thus, the rehabilita-
tion process should be initiated before the actual
amputation surgery, whenever possible. The
rehabilitation team should have a reasonable
expectation of the patients’ ultimate rehabilita-
tion potential. When one measures results from
an ambulatory perspective or from a measure of
achieving activities of daily living, amputees are
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Fig.22.15 Hybrid transfemoral prosthetic socket with modified quadrilateral shape and ischial containment

less functional or independent with more proxi-
mal-level amputees. Unilateral ankle disarticula-
tion amputees walk and are functional at a level
very comparable to their age and disease-matched
counterparts. While 87% of transtibial amputees
will be functional walkers at 2 years, 36% will
have died [63]. Ambulatory knee disarticulation
amputees fare somewhat less well from both
ambulatory and independence perspectives. Very
few diabetic, dysvascular transfemoral amputees,
or bilateral amputees, will become functional
walkers.

Regardless of the amputation level, the first
step in regaining functional independence is
transfer training leading. Many debilitated
patients will not have the energy reserves, stam-
ina, or strength to walk with a prosthesis. For
these patients, the wheelchair will provide their
method of ambulation.

Residual limb care in the early postoperative
period can enhance, or detract from, good surgi-
cal technique. Specific wound care is related to
the circumstances of the surgery. The use of rigid
postoperative plaster dressings in transtibial or
knee disarticulation amputations controls swell-
ing, decreases postoperative pain, and protects
the limb from trauma. The rigid plaster dressing
is changed at 5- to 7-day intervals, with early
postoperative prosthetic limb fitting and weight
bearing being initiated between 5 and 21 days
following surgery. Immediate postoperative pros-
thetic fitting should be reserved for patients with

very stable, secure residual limbs. Generally, the
residual limb of the transfemoral amputee is man-
aged with a suspended compression dressing.
Weight bearing with a prefabricated, or custom,
prosthetic socket and training pylon can be initi-
ated when the wound appears secure. With more
proximal-level amputation, these multiple sys-
tem-involved individuals are more likely to
require walking aids, with almost all dysvascular
diabetic amputees requiring the use of a walker
or crutches for their limited range of walking.

Following achieving independence in transfer
to the chair, the next step is functional ambula-
tion with gait-assistive devices. The timing of
allowing patients to bear weight and start pros-
thetic fitting will be dependent on the individual
patient and the experience of the rehabilitation
team. Generally, prosthetic fitting for major limb
amputation is initiated at 2—-6 weeks following
surgery.

When the treatment team develops reasonable,
realistic goals, patients are capable of achieving
the highest level of functional walking compatible
with their multiple organ system disease.

Conclusion

Partial foot amputations are frequently used to
successfully accomplish limb salvage. If below-
knee or higher amputation is required to achieve
healing, many patients return to community
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ambulation, still utilizing and stressing the
remaining limb. Once any form of amputation
has occurred, the patient must be considered at
high risk for further amputation [32]. The princi-
ples of managing any high-risk foot must be
applied, and regular review and management ser-
vices are essential for preserving the salvaged
and contralateral limb.

Patient education, shoe review with appropri-
ate prescription or recommendation, and regular
professional foot exams are the mainstay of any
preventive program [35]. Regular follow-up must
be initiated after healing has been accomplished.
The patient should be instructed in regular self-
foot exams and the effects of sensory neuropathy.
Potentially ulcerative pressure points should be
identified and accommodated with orthotics and/
or shoes as needed. Recurring pressure keratosis
should be acknowledged as a potential ulceration,
and debrided as necessary to prevent the callus
from becoming hemorrhagic or ulcerative. This
may require intervals as little as every 4 weeks
[33, 36].

It has been the authors’ experience that no sur-
gical procedure is effective, in itself, in prevent-
ing subsequent foot ulcers. The patient with any
form of lower extremity amputation must be con-
sidered at high risk for further ulceration. Careful
clinical follow-up, orthotic care, and debridement
of chronic focal pressure keratosis are far more
effective in preventing ulceration or further
amputation than any operation.

References

1. Adler Al, Boyko EJ, Ahroni JH, Smith DG. Lower
extremity amputation in diabetes. The independent
effects of peripheral vascular disease, sensory neuropa-
thy and foot ulcers. Diabetic Care. 1999;22(7):1029-35.

2. Burgess EM, Romano RL, Zettl JH. The Management
of Lower Extremity Amputations. Washington, DC:
US Government Printing Office; 1969.

3. National Diabetes Fact Sheet. Department of Health
and Human Services, Centers for Disease Control and
Prevention. 2007. http://www.cdc.gov/diabetes/pubs/
pdf/ndfs_2007.pdf.

4. Boulton AJM, Vileikyte L, et al. The global burden
of diabetic foot disease. Lancet. 2005;366(9498):
1719-24.

14

15.

17.

18.

19.

20.

21.

467

. Pinzur MS, Gold J, Schwartz D, Gross N. Energy

demands for walking in dysvascular amputees as
related to the level of amputation. Orthopaedics.
1992;15:1033-7.

. Waters RL, Perry J, Antonelli D, et al. Energy cost of

walking of amputees: the influence of level of ampu-
tation. J Bone Joint Surg. 1976;58 A:42-6.

. Waters RL. The energy expenditure of amputee gait. In:

Bowker J, Michael J, editors. Atlas of limb prosthetics.
Mosby Year Book: St. Louis; 1992. p. 381-7.

. Worral G, Moulton N, Briffett E. Effect of type II dia-

betes mellitus on cognitive function. J Fam Pract.
1993;36:639-43.

. Kruger S, Guthrie D. Foot care knowledge retention

and self-care practices. Diabetes Educ. 1992;18:
487-90.

. Thompson FJ, Masson EA. Can elderly diabetic

patients cooperate with routine foot care? Age Aging.
1992;21:333-17.

. Pinzur MS, Graham G, Osterman H. Psychological

testing in amputation rehabilitation. Clin Orthop.
1988;229:236-40.

. Munshi M, Grande L, Hayes M, et al. Cognitive dys-

function is associated with poor diabetes control in
older adults. Diabetes Care. 2006;29(8):1794-9.

. Pinzur, MS. New concepts in lower-limb amputation

and prosthetic management. Instr Course Lect Am
Acad Orthop Surg. 1990;39:361-6. St. Louis: C.V.
Mosby.

. Emanuele MA, Buchanan BJ, Abraira C. Elevated leg

systolic pressures and arterial calcification in diabetic
occlusive vascular disease. Diabetes Care. 1981;
4:289-92.

Lo T, Sample R, Moore P, et al. Prediction of wound
healing outcome using skin perfusion pressure and
transcutaneous oximetry: a single-center experience
in 100 patients. Wounds. 2009;21(11):310-6.

. Pahlsson HI, Wahlberg E, Olofsson P, Swedenborg J.

The toe pole test for evaluation of arterial insuffi-
ciency in diabetic patients. Eur J Endovasc Surg.
1999;18:133-7.

Carter SA, Tate RB. The value of toe pulse waves in
determination of risks for limb amputation and
death in patients with peripheral arterial disease and
skin ulcers or gangrene. J Vasc Surg. 2001;33:
708-14.

Ubbink DT, Tulevski II, de Graaff JC, Legemate DA,
Jacobs JHM. Optimisation of the non-invasive assess-
ment of critical limb ischaemia requiring invasive
treatment. Eur J Endovasc Surg. 2000;19:131-7.
Misuri A, Lucertini G, Nanni A, et al. Predictive value
of trancutaneous oximetry for selection of the ampu-
tation level. J Cardiovasc Surg. 2000;41(1):83-7.
Dickhaut SC, Delee JC, Page CP. Nutrition status:
importance in predicting wound healing after amputa-
tion. J Bone Joint Surg Am. 1984;64:71-5.

Haydock DA, Hill GL. Improved wound healing
response in surgical patients receiving intravenous
nutrition. Br J Surg. 1987;74:320-3.


http://www.cdc.gov/diabetes/pubs/pdf/ndfs_2007.pdf
http://www.cdc.gov/diabetes/pubs/pdf/ndfs_2007.pdf

468

C. Napolitano et al.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Jensen JE, Jensen TG, Smith TK, et al. Nutrition in
orthopaedic surgery. J Bone Joint Surg Am.
1982;64:1263-72.

Mowat AG, Baum J. Chemotaxis of polymorphonu-
clear leukocytes from patients with diabetes mellitus.
N Engl J Med. 1971;248:621-7.

Miyajima S, Shirai A, Yamamoto S, et al. Risk factors
for major limb amputation in diabetic foot gangrene
patients. Diabetic Res Clin Pract. 2006;71:272-9.
Imran S, Ali R, Mahboob G. Frequency of lower
extremity amputation in diabetics with reference to
glycemic control and wagner’s grades. J Coll
Physicians Surg. 2006;16(2):124-7.

Gianfortune P, Pulla RJ, Sage R. Ray resection in the
insensitive or dysvascular foot: a critical review.
J Foot Surg. 1985;24:103-7.

Pinzur MS, Sage R, Schwaegler P. Ray resection in

the dysvascular foot. Clin Orth Rel Res.
1984;191:232-4.
McKittrick LS, McKittrick JB, Risley TS.

Transmetatarsal amputation f or infection or gangrene
in patients with diabetes mellitus. Ann Surg.
1949;130:826-31.

Wagner FW. Amputations of the foot and ankle. Clin
Orthop. 1977;122:62-9.

Pinzur M, Kaminsky M, Sage R, Cronin R, Osterman H.
Amputations at the middle level of the foot. JBJS.
1986;68-A:1061.

Sage R, Pinzur MS, Cronin R, Preuss HF, Osterman
H. Complications following midfoot amputation in
neuropathic and  dysvascular feet. JAPMA.
1989;79:2717.

Sanders LJ. Transmetatarsal and midfoot amputa-
tions. Clin Podiatr Med Surg. 1997;14:741-62.
Armstrong DG, Hadi S, Nguyen HC, Harkless LB.
Factors associated with bone regrowth following dia-
betes-related partial amputation of the foot. JBIJS.
1999;81:1561-5.

Mueller MJ, Sinacore DR. Rehabilitation factors fol-
lowing transmetatarsal amputation. Phys Ther.
1994;74:1027-33.

Mayfield JA, Reiber GE, Sanders LJ, Janisse D,
Pogach L. Preventive foot care in people with diabe-
tes. Diabetes Care. 1998;21:2161-77.

Sage RA, Webster JK, Fisher SG. Out patient care and
morbidity reduction in diabetic foot ulcers associated
with chronic pressure callus. JAPMA. 2001;91:275-91.
Christie J, Clowes CB, Lamb DW. Amputation
through the middle part of the foot. J Bone Joint Surg
Br. 1980;24:473-4.

McDonald A. Choparts amputation. ] Bone Joint Surg
Br. 1955;37:468-70.

Lieberman JR, Jacobs RL, Goldstock L, et al. Chopart
amputation with percutaneous heel cord lengthening.
Clin Orthop. 1993;296:86-91.

Chang BB, Bock DE, Jacob RL, et al. Increased limb
salvage by the use of unconventional foot amputa-
tions. J Vasc Surg. 1994;19:341-9.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Bingham J. The surgery of partial foot amputation.
In: Murdoch G, editor. Prosthetics and orthotic prac-
tice. London: Edward Arnold; 1970. p. 141.

Roach JJ, Deutscsh A, Mcfarlane DS. Resurrection of
the amputations of Lis Franc and Chopart for diabetic
gangrene. Arch Surg. 1987;122:931-4.

Wagner FW. The dysvascular foot: a system for
diagnosis and treatment. Foot Ankle. 1981;2:64—122.
Early JS. Transmetatarsal and midfoot amputations.
Clin Orth Relat Res. 1999;361:85-90.

Reyzelman AM, Suhad H, Armstrong DG. Limb sal-
vage with Chopart’s amputation and tendon balanc-
ing. JAPMA. 1999;89:100-3.

Cohen Sobel E. Advances in foot prosthetics. In:
Kominsky SJ, editor. Advances in podiatric medicine
and surgery. St. Louis: Mosby Year Book; 1995.
p. 261-73.

Cohen-Sobel E, Cuselli M, Rizzuto J. Prosthetic man-
agement of a Chopart amputation variant. JAPMA.
1994;84:505-10.

Grady JF, Winters CL. The Boyd amputation as a
treatment for osteomyelitis of the foot. JAPMA.
2000;90(5):234-9.

Pinzur MA, Stuck RM, Sage R, Hunt N, Rabinovich
Z. Syme ankle disarticulation in patients with diabe-
tes. J Bone Joint Surg. 2004;85-A:1667-72.

Pinzur M, Morrison C, Sage R, et al. Syme’s two-
stage amputation in insulin requiring diabetics with
gangrene of the forefoot. Foot  Ankle.
1991;11:394-6.

Pinzur M. Restoration of walking ability with Syme’s
ankle disarticulation. Clin Orth Related Res.
1999;361:71-5.

Robinson KP. Disarticulation at the ankle using an
anterior flap: a preliminary report. J Bone Joint Surg
Br. 1999;81(4):617-20.

Waters RL, Perry J, Antonelli D, et al. Energy cost of
walking of amputees: the influence of level of ampu-
tation. J Bone Joint Surg Am. 1976;58:42.

Atesalp AS, KomurcuM, Tunay S, etal. Disarticulation
at the ankle using an anterior flap. JBJS Br. 2006;
88(1):184.

Pinzur MS, Bowker JH, Smith DG, Gottschalk FA.
Amputation surgery in peripheral vascular disease.
Instr Course Lect Am Acad Orthop Surg. 1999;48:
687-92. St. Louis: C.V. Mosby.

Assal M, Blanck R, Smith DG. Extended posterior
flap for transtibial amputation. Orthopedic.
2005;28:532-45.

Pinzur MS. Current concepts: amputation surgery in
peripheral vascular disease. Instr Course Lect Am
Acad Orthop Surg. 1997;46:501-9. St. Louis: C.V.
Mosby.

Pinzur MS, Smith DG, Daluga DG, Osterman H.
Selection of patients for through-the-knee amputa-
tion. J Bone Joint Surg. 1988;70A:746-50.

Pinzur MS. Knee disarticulation: surgical procedures.
In: Bowker J, Michael JW, editors. Atlas of limb



22 Amputations and Rehabilitation

469

prosthetics. Mosby Year Book: St. Louis; 1992.
p. 479-86.

60. Pinzur MS, Bowker JH. Knee disarticulation. Clin
Orthop. 1999;361:23-8.

61. Gottschalk F, Kourosh S, Stills M. Does socket con-
figuration influence the position of the femur in above-
knee amputation? J Prosthet Orthot. 1989;2:94-102.

62.

63.

Gottschalk F. Transfemoral amputation. In: Bowker J,
Michael JW, editors. Atlas of limb prosthetics. Mosby
Year Book: St. Louis; 1992. p. 501-7.

Pinzur MS, Gottschalk F, Smith D, et al. Functional
outcome of below-knee amputation in peripheral
vascular insufficiency. Clin Orthop. 1993;286:
247-9.



	22: Amputations and Rehabilitation
	Indications and Basic Principles of Amputation
	Limb Salvage Versus Limb Amputation
	Physical and Metabolic Considerations
	Metabolic Cost of Amputation
	Cognitive Considerations
	Load Transfer and Weight Bearing
	Soft Tissue Envelope

	Healing Parameters
	Vascular Perfusion
	Nutrition and Immunocompetence
	Perioperative Considerations
	Preoperative Summary


	Ray Amputations
	Indications
	Procedure
	Postoperative Care
	Complications

	Transmetatarsal and Lisfranc Amputation
	Indications
	Technique
	Postoperative Care
	Complications
	Long-Term Follow-Up Needs

	Chopart Amputation
	Indications
	Technique
	Postoperative Care
	Complications

	Transmalleolar Amputation: The Syme’s Procedure
	Indications
	Procedure
	Postoperative Care
	Complications
	Transtibial or Below-Knee Amputation
	Indications
	Procedure

	Postoperative Care
	Knee Disarticulation
	Indications
	Procedure

	Postoperative Care
	Transfemoral or Above-Knee Amputation
	Indications
	Procedure

	Postoperative Care
	Hip Disarticulation
	Rehabilitation

	Conclusion
	References


