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CHAPTER 8 6

RECONSTRUCTIVE
SURGERY OF THE
LOWER EXTREMITY

BRADFORD CANNON, M.D.,
JOHN D. CONSTABLE, M.D.,
LEONARD T. FURLOW, M.D.,

- J. W. HAYHURST, M.D.,
JOSEPH G. MCCARTHY, M.D.,
AND JOHN B. MCCRAW, M.D.

Closure of Defects of the Lower
Extremity by Muscle Flaps

Ralph Ger, M.D.

The methods and principles of reconstructive
_surgery of the lower extremity are similar to
those of reconstructive procedures elsewhere in
the body. There are, however, certain unique
anatomical characteristics of the lower ex-
tremities which may alter the standard recon-
structive techniques. The anterior aspect of the

tibia is covered only by a layer of skin with

minimal subcutaneous tissue. Consequently a
* cutaneous defect of the pretibial area usually

involves bone and does not provide a suitable
bed -for skin grafting. Another anatomical -

Closure of Defects of the Lower
Extremity by Myocutaneous Flaps
John B. McCraw, M.D.

characteristic is the pattern of vascular anas-
tomoses around the knee which makes possible
the use of undelayed direct retrograde flaps in
this area. However, the absence of such anas-
tomoses below the knee endangers the vas- :
cularization of local flaps ii. this area. Further-
more, arteriosclerotic changes in the elderly and
diabetic angiopathic changes complicate lower
extremity reconstructive procedures in these pa-
tients,

The lack of readily accessible sources of flap
donor tissue requires special methods of trans-
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fer, such as cross-leg, muscle, or microvascular
free flaps. Newer reconstructive techniques
have decreased the need for cross-leg fixation.

Another unique anatomical characteristic is
the irreplaceable weight-bearing skin of the sole
of the foot, which calls for special consideration
in choosing tissue for repair.

Because of the dependent position of the legs,
they require a longer period of protection and
support for the healing tissues, a period consid-
erably longer than that required in other parts of
the body. Adjunctive measures such as leg ele-
vation and wraparound dressings promote ve-

~nous and lymphatic return. These special char-
acteristics are but a few of those which must be
considered when one is undertaking reconstruc-
tive procedures in the lower extremity.

The chapter is divided into two major sec-
tions: (1) reconstructive problems of the lower
extremity, and (2) reconstructive procedures.
used in resurfacing cutaneous defects of the
lower extremity.

RECONSTRUCTIVE PROBLEMS OF THE
LOWER EXTREMITY

Reconstructive problems of the lower extrem-
ity can be divided into several categories which
will be considered separately. Plastic surgical
techniques frequently prove invaluable in deal-
ing with many of the pathologic conditions in-
volving the lower extremity.

1. Problems following acute trauma are the
commonest and perhaps the most frequently
overlooked. Trauma may produce damage or
destruction to skin only (burn, avulsion, crush),
may involve the skin and underlying soft tissues
(deep burn, laceration, crush), or may involve
soft tissues and bone with or without a break in
the skin (deep burn, fracture, severe crush). The
restoration of an intact cutaneous covering is
the primary surgical requisite following trauma
of the lower extremity because deep healing can
be no better than the surface covering. Restora-
tion of the surface as soon as possible after injury
is essential to prevent further contamination, to
avoid the development of infection and suppura-
tion, and to les.en fibrosis and interference with
local blood supply. Tension and hematoma for-

mation jeopardize healing in a primarily closed -

wound. If an acceptable primary repair is impos-
sible, delayed primary closure or skin transplan-
tation by a graft or a flap may be required. Hues-
ton and Gunther (1967) advocated the primary

use of a cross-leg flap to achieve cutaneous.

coverage following trauma, especially when

The Lower Extremity

there is associated major skeletal injury and loss
of the tendo Achilles. Surgical methods of re-
surfacing traumatic defects are discussed later in
the chapter. ;

2. Circulatory insufficiency (arterial, venous,
and lymphatic) may result in chronic ulceration,
edema, and other disabilities of the dependent
lower extremities. These problems challenge the
skills of the reconstructive surgeon. :

3. Tumors of the lower extremities may be
either benign or malignant. They present prob-
lems in reconstruction because of their location,

-because of associated involvement of osseous

structures, and because of spread through the
lymphatics to the regional lymph nodes. The
types of tumors encountered include carcino-
ma, melanoma, lymphangioma, and heman-
gioma.

4. Osteomyelitis, either post-traumatic or
hematogenous in origin, is often associated with

* extensive loss of the overlying soft tissue. Re-

surfacing the defect with a skin flap, in addition
to curettage of the involved bone, is often
required.

5. Congenital anomalies, such as super-
numerary toes and syndactyly, require careful
evaluation before reshaping of the foot in order
to simplify the fitting of shoes and to prevent
problems in walking. In patients with constrict-
ing bands, excision and revision of the scar are
required to improve the circulation in the distal
portion of the extremity.

6. Finally, there is a miscellaneous group of
disabilities of the lower extremity which at one
time or another require surgical reconstruction.
These include the plantar wart, plantar callus,
keratosis plantaris, neurotrophic ulcers, the in-
grown toenail, and the sequelae of irradiation for
benign or malignant disease.

Trauma

Trauma to the lower extremity may be of little
consequence or may be of such magnitude that
the healing of the deep tissues is temporarily or
permanently -impaired. The soft tissue repair
must be constantly kept in mind and not treated

~lightly despite what may appear to be a minor

injury. Failure of primary wound healing not
only occurs in compound injuries with or with-
out loss of skin but also complicates the open
reduction of simple fractures if closure is at-
tempted in the presence of significant sub-
cutaneous or subfascial edema. Spontaneous
rupture of the unbroken skin occurs occasion-
ally if its circulation is impaired by tension.
Wounds of the lower extremity must be mar
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aged like soft tissue wounds elsewhere on the
body. There are no exceptions to the principles
of debridement and closure of the wound.
A special type of lower extremity trauma is
the avulsion injury in which a flap of skin and
subcutaneous tissue is raised, usually in the pre-
tibial region. The surgeon must resist the temp-
tation to resuture the flap, as the major portion
is destined to necrosis because of extensive
soft tissue injury and intravascular sludging.
The safest course is to resect the major por-
tion of the avulsed flap and apply split-thickness
skin grafts to the defect (either immediately or

after 24 to 72 hours), provided the recipient bed .

is suitable for skin grafting. Connelly (1973)
proposed the following test to determine the
viability of the avulsed flap:

1. Elevate the leg for one minute.

2. Inflate a tourniquet around the thigh.

3. Lower the leg.

4, Deflate the tourniquet.

5. The point to which the circulation (pink
color) returns correlates with the future line of
demarcation. The avulsed flap should be de-
brided to this line.

The treatment of acute thermal burns is dis-
cussed in Chapter 18.- It should be reem-
phasized, however, that in circumferential full-
thickness burns of the lower extremity, radical
fasciotomy may be required to prevent circula-
tory embarrassment, and separate incisions of
the individual compartments are necessary.

The management of frostbite is discussed in
Chapter 19, and the techniques available for re-
construction of the cold-injured foot follow
later in the chapter. SFon e

Bone Cavities.- A deep cavity in bone is for-
tunately seen less commonly in civilian practice
than in the military. The missile that penetrates
the tibia below the knee joint and the bumper
fracture, usually compounded in the upper por-
tion of the tibia, are common causes. Through-
out the full length of the tibia, however, there
is a minimum of soft tissue available anteriorly
for primary coverage, and if there is a loss of
bone substance as well, additional tissue for
filling the cavity may be difficult to secure. Many
concave surfaces of the lower leg are tempo-
rarily closed by lining the bone cavity with skin
grafts applied to the thinly granulating surfaces.
The temporary skin dressing of the wound
may suffice permanently if a sufficiently strong
surrounding bony framework remains to ensure
adequate bony strength for normal use. If mini-
mal bone remains or if there is nonunion, bone
grafting is indicated.

3523

If an adequate local flap is available for the
covering tissue, autogenous cancellous iliac
bone chips may be used to fill the cavity. The
temporary lining skin «graft must be removed
with care to eliminate every bit of epithelial tis-
sue; residual epithelium may become a source of
infection and destroy the transplanted tissue or
may form a cyst, which becomes the site of
recurring local infection. The completely de-
nuded cavity is filled with the bone grafts and
is finally covered with a skin flap as discussed
later in the chapter.

Circulatory Disabilities

In the treatment of surface defects or cutane-
ous ulcers associated with venous, arterial, or
lymphatic disease, correction of the underlying
vascular disorder must be part of the therapeutic
regimen.

Venous Disease. The commonest manifesta-
tion of circulatory disease with which the plastic
surgeon is likely,to be concerned is that of ‘‘vari-
cose,’’ ‘‘postphlebitic,”” ‘‘post-thrombotic,” or
“stasis’’ ulcers. These latter terms are used to
distinguish more accurately the individual
etiologies of similar lesiens. Varicose ulcer isthe
oldest term, but it is incomplete, since only®
about 25 per cent of these lesions are due solely
to the pathology of the varicose veins. Many
ulcers have a definite history of antecedent deep
thrombophlebitis and -are therefore properly
termed postphlebitic or post-thrombotic; this is
not always the case, since ulceration may be due
to incompetence of the deep veins or to varicose
veins. ' :

The essential factor in the development of
these ulcers, regardless of whether the specific
cause is varicose veins, deep thrombophlebitis,
or silent venous thrombosis, is venous hyper-
tension secondary to mechanical failure of the
venous valves to support the venous blood re-
turning from the extremity. It is now recognized
that the critical factor in the return of venous
blood to the heart from the legs, while depen-
dent, is the pumping action of the muscles of the
leg, which propels the blood of the deep venous
system. The pumping action, however, is en-
tirely dependent upon the integrity of the valves
in the veins, and if these are destroyed, there is a
retrograde backing up of blood in the superficial
system, with relative local venous hypertension. -
If the incompetency of the valves is restricted to
the superficial system (as in varicese veins), the
deep veins will be unaffected. However, if there
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is destruction in the perforating veins that con-
nect the deep and superficial systems, there will
be reversal of the usual flow in these vessels, and
the “‘muscle pump’’ will add more blood to the
already distended superficial veins rather than
pushing it upward out of the limb.

Once the process of relative venous hyperten-
sion has been established, there are progressive
secondary changes in the limb, including in-
creased capillary permeability, local extravascu-
lar extravasation of red cells with consequent
hemosiderin deposition, irritation of the sub-
cutaneous tissues, and the formation of dense
scar tissue over which the skin becomes at first
atrophic, tender, and erythematous, then ex-
ceedingly thin and fragile, and finally ulcerated.
The site of ulceration will be determined by the
area of maximal venous insufficiency but is
characteristically near or over the medial mal-
leolus. As long as the basic venous abnormal-
ity is not corrected or controlled, the ulcers
will usually persist, and even if they heal occa-
sionally, they are subject to frequent recur-
rence.

TREATMENT OF THE CUTANEOUS DE-
FECT. Since the skin ulcers are the most obvi-
ous and distressing evidence of venous disease,
therapy must be aimed at closure of these le-
sions. In most cases treatment of the venous
insufficiency will result in a rapid spontaneous
healing of the ulcers. External support in the
form of elastic bandages or elastic stockings is
generally sufficient to promote healing of the
. ulcer. Although surgical treatment of the incom-
petent veins can be accomplished in the pres-
ence of open ulcerations, it is preferable to
delay definitive vein surgery until the ulcers are
healed. The location of the ulcers, as well as the
scarring and induration around them, usually
prevents the successful treatment by excision
.and direct closure.

A split-thickness skin graft is the treatment of
choice, in some cases, for a large unhealed ulcer
after the area has been sufficiently prepared.
Frequent dressing changes will generally pro-
vide sufficient preparation, and local chemo-
therapy, antibiotics, or enzymatic debriding
agents are unnecessary. :

If skin grafting is feasible, healing will be of a
better quality than when the wound is allowed to
heal spontaneously; the graft heals with a cush-
ion of underlying dermis, in contrast to the thin,
atrophic, and unstable scar epithelium that
grows in from the edges of the wound and is
always vulnerable to minimal trauma.

A thin skin graft is preferable, since the ulcer
bed tends to be densely scarred and the potential
for vascularization of the graft is often less than

The Lower Extremity

ideal. Local or distant skin ﬂaps are rarely indi-

cated in venous disease of the leg, since satisfac-

tory healing can usually be obtained without
these more complicated methods.

Thompson and Ell (1974) have advocated the
dermal overgrafting technique in covering ve-
nous ulcers (Fig. 86-1). They have stated that
serial application of skin grafts on a venous ulcer
bed will yield a firm and resilient cover (see
Chapter 6).

Any form of skin grafting requires complete
bed rest for at least two weeks, with continuous -
elevation of the leg, and may eliminate the pos-
sibility of treating the ulcer on an ambulatory
basis with adequate support.

Nearly all venous ulcers heal spontaneously if
the underlying venous insufficiency is corrected
by elevation or external elastic support or both.
If the underlying venous insufficiency is not cor-
rected, vascularized grafts fail to heal or break
down as soon as the patient starts to ambulate.

DEFINITIVE SURGERY. In the very aged or
poor risk patient, the healing of the ulcer with
subsequent careful elastic support may repre-
sent the definitive treatment of the venous dis-
ease. In the majority of patients, however, clo-
sure of the ulcer—whether by elevation and
bed rest, ambulatory treatment with firm sup-
port, or grafting—is only a preparation to
more definitive surgery to correct the venous
hypertension. B

In patients with varicose veins alone, careful
ligation and stripping of the long and short
saphenous venous systems is generally
sufficient. However, in those patients with in-
competent perforating veins between the deep
and superficial venous systems, it is also essen-
tial that these be divided (Linton, 1953; Cockett, .
1955), if necessary, by designing a large skin flap
and elevating the fascia over the muscles of the
medial half of the lower leg to identify and ligate
the connecting perforating veins. Occasionally
such an extensive flap heals with some areas of

-necrosis. Ifthe venous disease has been control-

led, the skin flap heals satisfactorily, even if
preoperatively it looks incapable of survival. It
is important that the perforating vein or veins
located characteristically directly under the site
of ulceration be divided, and the surgeon should
not hesitate to incise or dissect below the newly
healed graft if necessary; otherwise, recurrence
of the ulceration is almost certain.

Skin grafts placed over the dense scar of an old
ulcer without further vein surgery do not re-
main healed; they do remain healed if the ulcer
and scar are initially excised widely. Presuma-
bly, this is because incompetent veins are inter-
rupted during the excision. Skin grafts placed
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VENOUS STASIS ULCER STAGE 1.

Operation.

STAGE 2. Operation 3 weeks later.

Skin graft to ulcer.

A

Strip varicose veins
Dermal overlay graft (extensive).
Ligation venous perforators of gaiter area,

FIGURE 86-1. A, Technique of dermal overgrafting of a venous ulcer. B, Preoperative appearance of a varicose ulcer
present for seven years. C. Appearance ten years after two dermal overgrafts, stripping of the varicose veins. and ligation of
the perforating veins of the lower leg. (From Thompson. N.. and Ell. P. J.: Dermal overgrafting in the treatment of venous
stasis ulcers. Plast. Reconstr. Surg.. 54:290. 1974. Copyright © 1974, The Williams & Wilkins Company. Baltimore.)

over densely scarred ulcers survive indefinitely.
provided that the underlying venous disease is
controlled.

Arterial Disease. The causes of inadequate
arterial circulation to the skin or to the ex-
tremities may be neurologic (exemplified by
Raynaud’s disease), obliterative, or obstructive.
In most cases the sequelae of arterial insuf-
ficiency are not as well localized as in peripheral
.venous disease. Arterial disease is characterized
by a progression from functional limitation of the
extremity without pain (intermittent claudica-
tion) to pain at rest, atrophic skin changes, and
finally superficial ulceration and gangrene.

These changes generally progress most rapidly
at the most distant portion of the extremities.
Diabetic arterial disease is peculiar in that there
is extensive obliterative disease of the small end
arteries without obligatory involvement of the
major peripheral vessels. Consequently, gan-
grenous changes may be apparent in the pres-
ence of adequate pulses.

The distinction between ulcers due to venous
insufficiency and those due to arterial inade-
quacy can usually be easily made, but both may
occasionally be present at the same time. Ulcers
caused by arterial insufficiency are usually ac-
companied by changes in the arterial supply
elsewhere in the limb. They are generally lo-
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cated peripherally and are characteristically
painful (but not in diabetics with neuropathy).
They often appear rather dry and shallow, and
they lack the thick, indurated, moist edges of
most venous ulcers.

TREATMENT. As in venous disease, consid-
erations of the care of the local lesion for which
grafting or plastic surgical closure is considered
are secondary to the diagnosis and treatment of
the underlying vascular disease. Unless this is
subject to significant surgical or medical control,
conservative and local methods of treatment of
an ischemic lesion are much less likely to be
successful. Whereas nearly all venous ulcers can
be healed relatively quickly by conservative
measures alone, the majority of ulcers caused by
arterial insufficiency do not respond similarly.
While venous hypertension can be eliminated by
elevation of the limb, there is no equally good
way of increasing local arterial circulation; in
most cases in which the arterial blood supply has
become insufficient to maintain the viability of
the skin or of a digit, it will also not be adequate
to support the healing of an incision or the vas-
cularization of a skin graft.

Therapy aimed at improving arterial blood
supply depends upon the etiology of the insuf-
ficiency. In cases of neurovascular disease or
Raynaud’s disease, medical treatment with a
sympathetic block or sympathectomy may pro-
vide temporary relief of the arterial spasm and
allow the skin lesions or amputation sites to heal
spantaneously or be- satisfactorily grafted.

In occlusive disease of the arterial system of
the lower extremity, appropriate physical
examination with or without arteriography or
the Doppler flow meter generally shows wheth-
er the obstruction is proximal to the popliteal
bifurcation. If the obstruction is in the small
vessels of the arterial ‘‘runoff,”” surgical im-
provement of the arterial blood supply is more
difficult. The latter situation is characteristic of

diabetic arterial disease, in which the toes may-

become gangrenous in the presence of a palpa-
ble pedal pulse.

Depending on the site of the block in the arte-

rial tree, - various vascular reconstructive
techniques, such as vein grafts or plastic pros-
theses and endarterectomy are available. When
arterial circulation to the area showing insuf-
ficiency, gangrene, or ulceration is restored,
healing will commence spontaneously and may
be accelerated by split-thickness skin grafting of
the ulcers. In many cases surgical improvement
in circulation can be considered only as tempor-
ary. It may be important to lose no time in clos-
ing extensive ulcers with a graft or in performing
a transmetatarsal or even higher amputation

The Lower Extremity

while sufficient circulation is still present to
allow surgery to be done safely and the wound to
heal satisfactorily.

In many diabetics or other patients in whom
the local arterial circulation cannot be improved
by surgery, the use of Buerger’s exercises, bed
rest with the legs flat or slightly downward, and
meticulous cleansing and debridement will im-
prove the local situation to the extent that a thin
skin graft may accelerate the healing of the
lesion. ‘ :

Inadequate arterial circulation in the remain-
der of the limb generally precludes the use of
skin flaps in these patients. An attempt to effect
surgical closure of an amputation stump that has
failed to heal because of irremediable arterial
insufficiency generally results only in further
necrosis of previously viable tissue, and a higher
level of amputation is usually required.

In patients in whom concomitant severe ve-
nous and arterial disease is present in a limb, a
combination of treatments is indicated. Caution
must be exercised in surgery of the lower leg for
the control of venous disease if there is, con-
comitantly, inadequate arterial blood supply to
support adequate wound healing.

Lymphatic Disease. The etiology.and treat-
ment of lymphatic disease and lymphedema of
the lower extremity are discussed in Chapter 87.

Tumors of the Lower Extremity

Tumors of the lower extremity are benign
(hemangioma, lymphangioma) or malignant
(malignant -melanoma, squamous cell car--
cinoma). Sclerosing hemangiomas are small,
firm, subcutaneous nodules which are peculiar
to the pretibial area. Lymphangiomas may in-
volve the lower extremity and have been asso-
ciated with - constricting bands (Kitlowski,
1957). The treatment of hemangiomas and lym-
phangiomas is discussed in Chapter 65.

While wide and deep excision of melanomas
has become the accepted therapy, the role of
regional node dissection has generated consid-
erable controversy (see Chapter 65). The bed of
the resulting cutaneous defect is usually a mus-
cle, which provides a suitable site for the appli-
cation of a split-thickness skin graft.

Osteomyelitis
Osteomyelitis may be either acute or chronic

and either post-traumatic or hematogenous in
origin.



