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Learning Objectives: After studying this article, the participant should be able
to: 1. Select and design flaps for the acutely injured lower limb based on
wound location, size, and complexity. 2. Select and design tissue-specific flaps
based on the functional demand of the zone of injury. 3. Understand the in-
dications for using a flap with a skin component versus a muscle-only flap. 4.
Understand the preoperative vascular assessment for lower extremity flap re-
construction. 5. Recognize and manage risk factors to decrease complications
and improve flap survival.

Summary: The Maintenance of Certification series is designed to help the
experienced surgeon structure the study of specific areas appropriate to his
or her clinical practice. This article is designed to accompany practice-based
evaluation of preoperative assessment, surgical treatment plan, and outcomes.
In this format, he or she is invited to compare his or her methods with au-
thoritative, information-based references. This information base is then used
for self-assessment and benchmarking in Parts IT and IV of the Maintenance
of Certification process used by the American Board of Plastic Surgery. This
article is not meant to be an exhaustive treatise on the subject, but rather
designed to serve as a reference point for further in-depth study by review of
the articles referenced. The goal of this article is to present evidence that may
serve as practice-changing information. Furthermore, this article is designed
with the recognition that participants may have different backgrounds, experi-
ence, expertise, and resources. The breadth of the topics discussed is designed
to accommodate these differences. (Plast. Reconstr. Surg. 139: 287¢, 2017.)
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he traditional goals of reconstruction for

complex lower limb injuries are the resto-

ration and preservation of function. These
goals have largely been achieved with muscle flaps,
albeit with limitations. “Workhorse flaps” such as
the latissimus, rectus abdominis, gastrocnemius,
and soleus create a functional donor deficit. An
understanding of fasciocutaneous and perforator
flap anatomy has expanded goals to include tis-
sue match, durability, appearance, and reduced
donor-site morbidity. Similar endpoints may be
achieved with alternative free muscle flaps.

The previous Maintenance of Certification
articles have amply reviewed evidence for (1)
choosing lower limb reconstruction versus ampu-
tation; (2) timing of skeletal stabilization, wound
débridement, and flap coverage; and (3) adjunc-
tive wound closure strategies with skin substitutes
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and negative-pressure dressings. Established flap
algorithms were discussed. Reddy and Stevenson
discussed the traditional zones of the leg wherein
regional muscle is used in the proximal two-thirds,
traditional free flaps are used in the distal third,
and muscle flaps are used in the foot.! Medina et
al. discussed the reverse sural artery and plantar
skin flaps.” Most recently, Hallock expanded the
zone concept to subunits of the foot and propel-
ler flaps of the leg. The advantages of perforator
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flaps (specifically anterolateral thigh) were justifi-
ably extolled.’

This article presents evidence for managing
the severely injured lower limb after the commit-
ment to pursue limb salvage with a flap has been
made. Evidence is presented for the following
subjects: (1) conceptual expansion of “zone-based
reconstruction” to encompass the entire lower
limb; (2) role of muscle versus cutaneous flaps
in soft-tissue replacement and fracture coverage;
(3) practical, low-morbidity options for free flaps
from alternate donor sites; (4) lower limb salvage
in high-risk patient groups; and (5) additional
nuances of two previously discussed and widely
used flaps, the anterolateral thigh and the reverse
sural artery flaps.

The scenario requiring a plastic surgeon’s
involvement is an open fracture with loss of the
overlying soft-tissue envelope. The index proce-
dure is performed by the trauma surgeon and
orthopedist and includes treatment of multi-
system injuries, stabilization of fractures, and
débridement. The acute management of com-
partment syndrome and/or arterial injury occurs
concurrently.

During the index procedure, the plastic sur-
geon can provide valuable input regarding the
following: (1) avoidance of tightly closing mar-
ginal skin flaps; (2) planning of incisions for
internal hardware that preserves vascular planes
for regional flaps; (3) placement of external hard-
ware that allows access to free flap recipient ves-
sels; and (4) expedited, definitive débridement
of devascularized tissues. Properly made “ortho-
plastic” decisions early in the patient’s course
cumulatively result in timelier reconstruction of
a potentially smaller wound with the maximum
number of viable flap options.

After the acute intervention, the keystone of
managing open fractures is early replacement of
the missing soft-tissue envelope with a well-vas-
cularized flap to (1) prevent osteomyelitis, (2)
promote fracture healing, (3) restore function,
(4) provide access for secondary reconstruc-
tion, and (5) optimize appearance. Significant
degloving injuries where bone is exposed but
not fractured obviates the concern for osteomy-
elitis. As such, the use of a flap to definitively
resurface very large areas of denuded bone or
tendon can prevent the wound chronicity com-
monly seen when skin substitutes and negative-
pressure dressings are used.
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Vascular assessment of the injured limb deter-
mines whether the circulation can support a
regional flap and whether the vessels can serve
as free flap recipients. The anterior tibial artery
has a superficial position and has the highest
rate of injury.** Clinical examination alone in
flap planning can be misleading. In a study of 76
consecutive patients undergoing computed tomo-
graphic angiography before free flap reconstruc-
tion, Duymaz et al. demonstrated a 64 percent
incidence of radiographically diagnosed arte-
rial injury in patients with normal pedal pulses.’
A caveat is the difficulty of obtaining pulses in a
swollen limb that is covered with a vacuum sponge
or surrounded by hardware. Distal arterial flow
may be detected with a Doppler probe but with no
information regarding proximal occlusion or ana-
tomical variants. Our center defines an abnormal
clinical examination as the absence or diminution
of a pulse or Doppler signal in at least one periph-
eral vessel. In the converse situation (normal
vascular imaging within injured tissues), caution
must still be exercised in targeting recipient ves-
sels within the clinical zone of injury, as there may
be increased periadventitial fibrosis, friability, and
risk of arterial or venous thrombosis. A low thresh-
old for using vein grafts mitigates this problem.

Computed tomographic angiography has
become standard arterial imaging because of its
ease, cost, sensitivity and specificity, and low com-
plication rate. Compared with formal angiogra-
phy, it is less expensive, uses less radiation, and
is less invasive (avoiding a 1 to 3 percent chance
of hematoma, pseudoaneurysm, or dissection). It
provides tridimensional volumetric analysis and
visualizes stenosis, calcification, and obstruction.®
Additional information that impacts planning
includes the distal reconstitution of occluded
arteries, abnormal anatomical variants, and the
presence of an intact pedal arch. Finally, com-
puted tomographic angiography yields informa-
tion regarding the pathologic condition of the
venous system, soft tissues, and fracture site.

What is not clear is whether all free flap
patients should undergo preoperative imaging.
What is clear is the very high benefit-to-risk ratio
of computed tomographic angiography, especially
in the face of vascular abnormality occurring in
the patient group selected for flap reconstruction.
As such, arterial imaging is recommended for the
following findings: (1) abnormal pulses or Dop-
pler signals, (2) zone of injury over free flap recip-
ient vessels, (3) zone of injury over any portion of
a regional flap and its blood supply, (4) extensive
soft-tissue or bone destruction from high-energy
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mechanisms, and (5) preexisting arterial occlu-
sive disease. Significant image scatter caused by
extensive hardware may necessitate formal angi-
ography. Besides targeting recipient vessels for
free tissue transfer, vascular imaging may deter-
mine the necessity for an end-to-side anastomosis
into a solitary terminal vessel perfusing the foot,
and for using vein grafts.

In the stable patient with known atheroscle-
rotic disease and isolated leg trauma who would
otherwise be a limb salvage candidate, formal angi-
ography is warranted. It is erroneous to exclude
this patient population from free flap reconstruc-
tion simply because of their disease. The pres-
ence of treatable lesions may be an indication for
combined vascular reconstruction and free tissue
transfer. Vascular intervention may be performed
with endovascular or bypass techniques. Serletti
et al. demonstrated 95 percent flap survival and
excellent functional outcomes in patients under-
going combined vascular reconstruction and
either simultaneous or staged free tissue trans-
fer to the foot.® This study involved ischemic
foot lesions, but with none of the concomitant
musculoskeletal abnormality seen in traumatized
limbs. The descending branch of the lateral fem-
oral circumflex artery is relatively spared from
atherosclerotic changes.” In the presence of an
adequate inflow recipient artery, the anterolateral
thigh flap remains an option in the vasculopath.
As discussed in the most recent Maintenance of
Certification review, the vascular evaluation for
perforator flaps using only a handheld Doppler
device may be inaccurate.” Yu and Youssef dem-
onstrated the poor specificity of the Doppler-only
approach for anterolateral thigh perforator flaps,
and recommended compensatory adjustments in
skin paddle design and intraoperative correlation.
This was even more critical in the obese patient.”
Mun et al. demonstrated multidetector row com-
puted tomographic angiography to be a valuable
tool in perforator mapping of the thoracodorsal
artery perforator flap.’

Muscle Flap versus Cutaneous Flap as a
Functional Replacement for the Soft-Tissue
Envelope of the Lower Limb

The largely historical “zone-of-thirds” con-
cept lacks specificity of wound dimension, wound
complexity, or type of tissue loss. The functional
demand of a flap placed in the lower limb is

related to the anatomical location of the recipi-
ent site and the type of soft-tissue envelope it is
replacing—an interplay of “structure versus func-
tion” and “like versus like.”

Zones surrounded by large amounts of mus-
cle (e.g., thigh, calf) have no functional demands
other than coverage of exposed structures. The
anteromedial tibia is surrounded by skin. Although
muscle flaps are acceptable for this region, thin
perforator flaps certainly result in more aesthetic
resurfacing. With the exception of the plantar
instep, the remainder of the lower extremity is
composed essentially of “skin-only zones” with
higher, albeit variable, degrees of function. A flap
resurfacing the knee region should accommodate
the stresses of bending and kneeling. The patella,
unlike the popliteal fossa or condylar areas, is
pressure-bearing. Small to moderate knee wounds
can be reconstructed with advancement or pro-
peller flaps of mobile peripatellar skin based on
arterial plexuses of the geniculate/saphenous sys-
tem.*!” Ulusal et al. used anterolateral thigh and
even larger deep inferior epigastric perforator
(DIEP) flaps for acute coverage of massive knee
defects, which facilitated rehabilitation and sec-
ondary tendonplasty for postoperative stiff knee."

Hollenbeck et al. and Hallock applied the
subunit principle to foot reconstruction.>'? The
Achilles region, ankle, dorsum, and instep are
subjected to shear but allow somewhat more flex-
ibility in soft-tissue coverage. Cavadas and Landin
applied a size algorithm for coverage of small to
moderate malleolar defects using turnover skin,
reverse sural adipofascial, or free segmental vastus
lateralis flaps.' Mun et al. demonstrated excellent
functional and aesthetic results with the thora-
codorsal artery perforator flap.” Extensive “wrap-
around” wounds are an indication for latissimus
muscle flaps (Figs. 1 and 2).

The plantar heel and forefoot have especially
high, and perhaps unforgiving, demands for both
thinness (footwear) and durability (weight-bearing,
propulsion). Skin-grafted muscle flaps for heel
coverage gained popularity after gait studies such
as those from May et al. reporting weight-bearing
comparable to that of the uninjured foot and pres-
sure sensation in the deep muscle at an average of
1.5 years."* Colen et al. reported high rates of return
to preinjury occupation and ambulation in normal
shoes at 2 years."” Both studies reported ulcer-free
ambulation at the end of the follow-up period. The
2008 study of heel defects as large as 20 x 20 cm by
Ulusal et al. may more accurately reflect the long-
term outcomes of muscle flaps covering the heel.
Conducted at the outset of the perforator flap era,
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Fig. 1. “Wraparound”avulsion of dorsum, ankle, Achilles tendon,
and midfoot with multiple fractures.

Fig. 2. Single-stage reconstruction with a latissimus flap. The
patient plays golf at 3 years.

it examined the results of open calcaneus fractures
covered with predominantly latissimus and graci-
lis flaps (27 flaps) and followed for a significantly
longer postoperative period (average, 8 years). A
33 percent ulceration rate was reported, and ulcers
were addressed with either excision/closure or
wound care.'® Figure 3 depicts a patient referred to
our center for salvage of a similar situation.

Hong and Kim performed 20 plantar foot
reconstructions for trauma using thinned
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Fig. 3. Calcaneal ulcer with osteomyelitis following latissimus
flap resurfacing of massive heel degloving, referred to our cen-
ter for salvage.

anterolateral thigh adipocutaneous flaps, with all
patients regaining full ambulation by 3 months
and protective sensation at 12 months. Nerve coap-
tation sped the process of, but did not improve
the endpoints for, sensitization. All patients were
ambulating ulcer-free at 14 months.'” In the face
of these data, it cannot be disputed that perforator
flaps such as the thinned anterolateral thigh and
the thoracodorsal artery perforator have a clear
functional and aesthetic advantage in plantar foot
resurfacing, providing a thin, durable, matching
skin envelope with maximum comfort and pliabil-
ity. The upper extremity can also serve as a donor
site for thin sensate skin (e.g., radial forearm'
or lateral arm'), albeit with a more prominent
donor scar. Although cutaneous flaps (any flaps
containing a skin paddle) are unmatched in soft-
tissue quality, ulcer-free ambulation ultimately
requires meticulous contouring of the calcaneal
remnant. Other critical elements of long-term
success are patient education, frequent follow-
up, lifestyle modification, and orthotic footwear.
The tissue benefit of very large perforator flaps
becomes outweighed by the inability to close the
donor site (Figs. 4 through 6). A possible excep-
tion is the DIEP flap. Figure 7 depicts a schematic
of “expanded lower extremity zones” for anatomi-
cal and functional flap reconstruction.

Muscle Flap versus Nonmuscle Flap for Fracture
Coverage

Muscle has been traditionally perceived to
be superior over fascia or fat to optimize fracture
healing and prevent osteomyelitis. Using a goat
tibia osteomyelitis model, Salgado et al. showed
no difference in local muscle versus fasciocutane-
ous flaps in treating osteomyelitis.?! Cavadas and
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Fig. 4. Industrial accident causing calcaneus fracture, heel avul-
sion, and three-dimensional loss of high-demand skin envelope.
This obese patient was not a candidate for a DIEP flap.

Fig. 5. Anterolateral thigh perforator flap at 3 years. The patient
wears normal shoes and has returned to his original job.

Landin used free segmental vastus lateralis for
large calcaneus fracture defects and regional adi-
pofascial flaps for smaller ones, with all patients
achieving fracture healing and avoiding chronic
osteomyelitis.'® A 177-patient study by Yazar et al.
randomized distal lower extremity open fractures
to either free muscle (predominantly gracilis) or
free fasciocutaneous (predominantly anterolat-
eral thigh) flaps with equal outcomes in fracture
healing, postoperative infection, and occurrence
of chronic osteomyelitis.** Consistent with the pre-
vious Maintenance of Certification review, experi-
mental and clinical studies suggest that muscle
is not an absolutely necessary flap component
to prevent or treat osteomyelitis.® In the face of

Fig. 6. The patient in normal shoes with a skin-grafted thigh
deformity. Foot salvage, function, and aesthetics justify donor-
site morbidity.

these data, the unifying treatment principle is tri-
dimensional obliteration of dead space as seen in
segmental or comminuted long bone fractures. In
such instances, a myocutaneous flap such as the
composite anterolateral thigh/segmental vastus
lateralis has been recommended.*

Muscle as a Regional Flap

The gastrocnemius and the soleus comprise
two-thirds of the available muscle for flaps in the
traditional zone-of-thirds model. Although it is
simple to elevate, the absolute prerequisite that the
entire muscle must be outside the zone of injury
negates these flaps as practical options for a sig-
nificant proportion of severe lower limb trauma. A
pitfall is using the distal, tapered, watershed com-
ponent of the muscle to cover the fracture. Figure 8
demonstrates the arc of rotation for the medial gas-
trocnemius and full soleus without dividing the ori-
gin. The 2009 retrospective series by Daigeler et al.
of 34 patients undergoing dynamometry following
gastrocnemius flap reconstruction demonstrated
considerable long-term postoperative functional
deficits (i.e., plantar flexion, ankle motion, and
running). These were attributable in part to mus-
cle sacrifice and in part to the antecedent trauma.
This study weighed the deficit from medial gastroc-
nemius harvest (and on three occasions, both gas-
trocnemius heads) against amputation or a more
sophisticated leg reconstruction.**

Anterolateral Thigh Composite flap

For many reconstructive surgeons, the antero-
lateral thigh perforator flap has, perhaps, replaced
the rectus abdominis as the new workhorse
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Fig. 7. The expanded “zone” concept for the entire lower extremity
according to type of soft-tissue envelope and functional demand. With
the exception of the patella, the relative need for a free perforator flap
increases distally and is highest for the weight-bearing foot, as enumer-

ated in multiple studies.®'>17.20

Fig. 8. (Left) Medial gastrocnemius. Arc of rotation reliably includes the peripatellar area
and is less reliable toward the patella. (Right) Soleus (medial and lateral heads). Arc of rota-
tion allows coverage of small wounds over the central tibia.

alongside the latissimus muscle flap. It can be
used for small foot wounds or for massive deglov-
ing injuries. The additional benefit is minimized
morbidity from muscle preservation. The pitfalls
of harvesting the anterolateral thigh perforator
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flap are related to surgeon inexperience. In their
2002 retrospective analysis of eight total failures in
439 perforator flaps, the Taipei group concluded
that surgeon inexperience was a factor in the ten-
dency to dissociate the skin paddle from the blood
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supply (“air flap”), injure the perforators during
intramuscular dissection, or twist the pedicle dur-
ing flap inset.”

Not considered in previous Maintenance of
Certification reviews is the benefit-to-morbidity
ratio of the anterolateral thigh composite myo-
cutaneous flap. Wei et al. reported the use of 95
myocutaneous flaps of 671 total flaps for hetero-
geneous recipient sites.” When additional bulk
or breadth is needed, the superficial segment of
vastus lateralis, based on the descending branch
of the lateral femoral circumflex artery, may be
harvested with the skin paddle, leaving the inter-
mediate and deep segments intact. Harvesting a
composite flap eliminates perforator(s) dissection

and can significantly reduce operative time. This
technique is described in an anatomical and clini-
cal study by Toia et al.*” Depending on how it is
positioned, the muscle component can enhance
flap size, obviate the need for an excessively
wide skin paddle, and allow donor-site closure
(Figs. 9 through 11). (See Video, Supplemen-
tal Digital Content 1, which depicts the surgical
technique for harvesting the anterolateral thigh
composite flap, with clinical cases. This video is
available in the “Related Videos” section of the
full-text article on PRSJournal.com or at http://
links.lww.com/PRS/B945.) If more intricate three-
dimensionality is required, a chimera flap based
on the subscapular axis may be harvested.”® For

Fig. 9. (Left) Young patient with avulsion of dorsal midfoot and fractures. (Right) Anterolateral thigh myocutaneous com-
posite flap. Three-dimensional size is augmented by muscle component.

Fig. 10. (Left) Weight-bearing at 2 months. Flap exhibits dependent color changes. (Right)

Narrower skin paddle design allows closure of thigh.
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Fig. 11. (Left) Segmental tibia fracture and acrylic spacer. (Right) Anterolateral thigh myocu-
taneous flap at 6 months. The patient presents for anterior approach skin paddle elevation

and bone graft.

'‘B®" Video Available Online

Video 1. Supplemental Digital Content 1 depicts the surgical tech-
nique for harvesting the anterolateral thigh composite flap, with
clinical cases. This video is available in the “Related Videos” section
of the full-text article on PRSJournal.com or at http://links.lww.com/

PRS/B945.

a musculotendinous reconstruction, vascularized
fascia lata may be harvested laterally.* The ver-
satility of the anterolateral thigh flap is depicted
schematically in Figure 12.

From a functional standpoint, several studies
have demonstrated that the donor-site morbidity
of the anterolateral thigh myocutaneous flap is
minimal. A prospective study by Hanasono et al.
examined a heterogeneous flap group (perfora-
tor, 25 percent; superficial segment, 33 percent;
minimal segment, 38 percent; and total segment,
4 percent), with the motor nerve to the vastus
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lateralis divided in 22 percent. Early weakness was
seen in 8 percent of patients and was not related
to nerve division, removal of at least half the
muscle, or a skin-grafted donor site, and resolved
by 6 months in all patients. All patients regained
their preoperative level of activity.” In the study
by Toia et al. of a homogeneous group (superfi-
cial segment only), comparable preoperative and
postoperative Lower Extremity Functional Scale
values were demonstrated.?” Harvest of fascia lata
produced a slight decrease in quadriceps contrac-
tility but caused no ambulation difficulties.” The
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Fig. 12. Versatility of the anterolateral donor site. From left to right, the skin component decreases and the
muscle component increases: DIEP, anterolateral thigh perforator, anterolateral thigh myofasciocutaneous,
anterolateral thigh myocutaneous, and segmental vastus muscle. The DIEP is the largest perforator flap with a
donor site that can be closed, as enumerated in multiple studies.'7:23262830 AIT, anterolateral thigh; STSG, split-

thickness skin graft; TFL, tensor fasciae latae.

texture and appearance of a closed thigh is supe-
rior to askin-grafted one and should be considered
in flap design. As such, designing an anterolateral
thigh perforator flap so large that skin grafting is
unavoidable should lower the threshold for using

'Bm" Video Available Online

Video 2. Supplemental Digital Content 3, part 2, depicts the
surgical technique for harvesting the reverse sural artery flap,
with clinical cases. This video is available in the “Related Videos”
section of the full-text article on PRSJournal.com or at http://
links.lww.com/PRS/B947.

an anterolateral thigh myocutaneous, latissimus,
or DIEP flap (Fig. 12). If a skin graft is unavoid-
able, suprafascial elevation is recommended to
optimize graft take and appearance.” Using the
ipsilateral thigh donor site confines scarring to
the injured limb and preserves the normal side
for weight-bearing and ambulation during the
rehabilitation period. A contraindication would
be significant thigh trauma (i.e., ipsilateral femur
fracture). Otherwise, no evidence was found to
suggest an increased risk of vascular thrombosis
occurring within an ipsilateral thigh flap.

“Expendable” Free Muscle Flaps

Smaller, low-morbidity muscle flaps provide
vascularity without bulk and produce no disability.
The gracilis, a muscle whose length can place the
source vessel out of the zone of injury, has been
used successfully for coverage of the distal tibia,
malleoli, Achilles tendon, and heel,'®?°% and as
a functional reconstruction following loss of the
anterior compartment from neglected compart-
ment syndrome.” The serratus anterior, a thin,
broad muscle with a long vessel of sizable caliber,
obviates the need for a partial latissimus or rectus
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‘B Video Available Online

Video 3. Supplemental Digital Content 2 depicts the surgical tech-
nique for harvesting the scapula flap, with clinical case. This video
is available in the “Related Videos” section of the full-text article on
PRSJournal.com or at http://links.lww.com/PRS/B946.

harvest. (See Video, Supplemental Digital Con-
tent 2, part 1, which depicts the surgical technique
for harvesting the serratus flap, with clinical case.
This video is available in the “Related Videos” sec-
tion of the full-text article on PRSJournal.com or
at http://links.lww.com/PRS/B947.) The lower four
slips of the muscle can be harvested without wing-
ing the scapula. Both of these muscles have appli-
cations in the resurfacing of small heel defects."”

Perforator Flaps from the Trunk

The trunk is an excellent donor site for perfo-
rator flaps with hidden scars. The first two share a
common blood supply from the subscapular axis.

The thoracodorsal artery perforator flap is a thin
adipocutaneous flap with a long and sizable caliber
vessel from the posterolateral trunk that, when har-
vested within the oblique lines of resting skin ten-
sion, results in a favorable scar. Preservation of the
underlying latissimus and motor nerve minimize
morbidity. Multidetector row computed tomo-
graphic angiography has been shown to target up
to three perforators before foot resurfacing.’ The
scapula flap is a similarly versatile flap for the ankle
and foot."”** (See Video, Supplemental Digital
Content 3, which depicts the surgical technique for
harvesting the scapula flap, with clinical case. This
video is available in the “Related Videos” section of

Fig. 13. (Left) Patient referred to our center with patellar wound following failure of mul-
tiple regional flaps. (Right) Scapula flap at 6 months. Ambulating ulcer-free in prosthesis.
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the full-text article on PRSJournal.com or at http://
links.lww.com/PRS/B946.) The transverse design
(transverse branch) produces a better scar than the
oblique parascapular design (descending branch).
Another application is salvage of below-knee ampu-
tation stumps (Fig. 13). The DIEP flap rivals the
anterolateral thigh flap in size and exceeds it in
the potential for donorsite closure in a hidden
area. Its use is particularly important in children
with extensive degloving leg injuries, as it delivers
the largest amount of tissue possible while afford-
ing a hidden, closed donor site and minimal mus-
cle injury. As pediatric free tissue transfer success
rates have become comparable to those in adults,
emphasis now involves reducing the morbidity that
would follow the child permanently.”” Trunk-based
perforator flaps avoid additional incisions in the
traumatized lower limb, which is advantageous in
the patient with multiple injuries who has extensive
degloving or bilateral leg injuries.

Flaps from the Upper Limb

For small foot wounds with a limited zone of
injury, the radial forearm has excellent flap prop-
erties (i.e., thin, pliable skin with a long source ves-
sel). Its use is described by Weinzweig and Davies in
24 heterogeneous patents and by Musharafieh et
al. in 17."*% In both studies, higher patient satisfac-
tion occurred in trauma patients than in diabetics
with regard to contour, ambulation, and durabil-
ity. Although both studies reported sensation in
all patients regardless of nerve coaptation, few
patients actually underwent repair (four in each
group). The donor appearance and the risk of ten-
don exposure in the requisite skin-grafted wrist is

improved with a suprafascial harvest. The lateral
arm flap, a somewhat thicker flap from the proxi-
mal outer arm, is described extensively for hand
reconstruction, but less so for the lower limb."?
Despite its constant septocutaneous neurovas-
cular anatomy and harvest that is no more com-
plex than the radial forearm flap, there is perhaps
a general unfamiliarity with this flap among recon-
structive surgeons focused on the lower limb that
may undervalue its usefulness. (See Video, Supple-
mental Digital Content 4, which depicts the surgi-
cal technique for harvesting the lateral arm flap,
with clinical cases. This video is available in the
“Related Videos” section of the full-text article on
PRSJournal.com or at http://links.lww.com/PRS/
B948.) In properly selected patients, single-stage
plantar heel resurfacing is comparable to other
thin flaps (Fig. 14). In most cases, a debulking
procedure is necessary. Compared to the forearm,
the location of the lateral arm flap donor site is
amenable to primary closure and concealed by
sleeves. Dorsal forearm numbness necessarily
results from division of its cutaneous nerve. A 2013
study by Klinkenberg et al. of 60 heterogeneous
patients (upper and lower limb trauma) compared
donor sites from lateral arm, anterolateral thigh,
and parascapular flaps using established scales for
extremity function, disability, and outcomes. The
arm donor site was comparable to the thigh and
less favorable than the back.*® As discussed in the
Maintenance of Certification review by Medina et
al., the lack of blinded, randomized evidence pre-
vents full evaluation of the efficacy of nerve coap-
tation in sensate flaps placed in the foot.” In an era
when thinned perforator flaps from the thigh and

‘B Video Available Online

Video 4. Supplemental Digital Content 4 depicts the surgical tech-
nique for harvesting the lateral arm flap, with clinical cases. This
video is available in the “Related Videos” section of the full-text arti-
cle on PRSJournal.com or at http://links.lww.com/PRS/B948.
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Fig. 14. (Left) Open calcaneal fracture with osteomyelitis in a vasculopath. The patient
underwent femoral-peroneal bypass and staged partial calcanectomy/Ilateral arm flap into
the distal runoff vessel. (Right) Ambulatory at 4 months with a cane.

Fig. 15. (Above, left) Slender healthy patient with open ankle fracture. Wound extends to proximal part of
midfoot. (Right) Incisional primary delay does not include elevation of the flap. Skin island design is extended
proximally (toward the knee) for extra length. (Below, left) Ambulatory in regular shoes at 6 months.
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Fig. 16. (Left) Obese patient with open tibia fracture. (Right) Appearance at 4 years after

secondary liposuction.

trunk have become commonplace, “injuring” the
upper limb to repair the lower may be counterin-
tuitive. Perhaps this treatment plan would be more
applicable in an obese patient with a thin arm.

Reverse Superficial Sural Artery Flap

In the absence of microsurgical resources, the
reverse superficial sural artery fasciocutaneous
flap remains relevant for reconstruction of the
distal tibia, ankle, and forefoot. This flap requires
retrograde flow through the median superficial
sural artery from the peroneal artery through pos-
terolateral ankle collaterals. A frequent cause of
flap failure is reverse venous congestion through
the valved lesser saphenous system. This problem
is mitigated by a generous flap design turned on
a wide, nontunneled, tension-free adipofascial
pedicle.”” (See Video, Supplemental Digital Con-
tent 3, part 2, which depicts surgical strategies for
the delayed/nondelayed reverse sural artery flap,
with clinical cases. This video is available in the
“Related Videos” section of the full-text article
on PRSJournal.com or at http://links.lww.com/
PRS/B947.) Flap delay should be strongly consid-
ered in the presence of (1) smoking, (2) diabe-
tes, (3) obesity, and (4) extended (proximal calf)
flap design. In select patients with risk factors, a
single-stage free flap reconstruction may be the
better overall option.*®* The delay technique of
complete elevation and resuturing of the flap is
described.® Alternatively, primary division of the
proximal flap without elevation minimizes scar

planes that make secondary elevation hazardous
to the blood supply (Figs. 15 and 16). A retrospec-
tive study of 130 heterogeneous patients analyzing
adipofascial versus fasciocutaneous flaps reported
shorter operative times and reduced donor-site
scarring for the adipofascial flap, but no differ-
ence in partial (18 percent) or total (6 percent)
flap losses. A standard fasciocutaneous flap was
found to be superior for reelevation when second-
ary bone grafting was required.*’

Secondary Surgery
Anticipation of a secondary functional pro-
cedure should lower the threshold to perform a
cutaneous flap reconstruction. Compared with
muscle, cutaneous flaps used for foot reconstruc-
tion provide more tissue, require less contouring,
are easier to raise, and have fewer complica-
tions.*’ Although secondary procedures restor-
ing skeletal stability (i.e., bone graft, arthrodesis,
tendon reconstruction) take priority over flap
modification (i.e., debulking, scar revision), the
functionality of these latter procedures is critical
for footwear, weight-bearing, and ambulation.
Liposuction has become the standard method
for single-stage debulking of large perforator
flaps.*
Roberto D. Lachica, M.D.
University Plastic Surgeons
1068 Cresthaven Drive, Suite 500

Memphis, Tenn. 38119
robertolachica@gmail.com
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