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Abstract

Introduction Soft tissue defects of foot and ankle are challenging due to the susceptibility of the area to trauma and the
complexity of the region. Several flaps have been described for wound coverage after surgical debridement at this location.
The purpose of this study is to present the reverse sural flap for covering soft tissue defects at the ankle and foot.

Materials and methods From July 2014 to November 2017, ten patients with soft tissue defect at the ankle and foot were
retrospectively reviewed. There were nine men and one woman with a mean age of 40.5 years (range 17-71 years). Seven
patients were smokers and five were diabetics. The mean size of the defect was 50.5 cm?. All operations were performed
by the same microsurgical team. At a mean follow-up of 21 months (range, 18 to 24 months), we evaluated wound healing
and complications.

Results In nine patients, the soft tissue defect was successfully covered. In four patients, venous congestion was noticed,
whereas in one patient, there was total necrosis of the flap. In all cases, the donor site was healed uneventfully.

Conclusion The reverse sural artery flap is a reliable alternative for wound coverage at the ankle and foot, with low compli-
cation and morbidity rate. Nevertheless, it is a demanding microsurgical operation that requires knowledge of the anatomy

and surgeons’ experience.
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Introduction

Soft tissue defects of the lower one-third of the leg and the
calcaneal region remain crucial issues. This area is eas-
ily susceptible to trauma, and defects of this area, despite
advancements in microsurgical techniques, remain a chal-
lenge for surgeons. The complexity of this region comes
from the tightness and limited mobility of the overlying skin
and frequently, the poor circulation. Common defects in the
distal parts of the leg may be chronic and diabetic ulcers,
pressure sores, unstable scars and Achilles tendon rupture
with exposure of viable structures (neurovascular bundles,
tendons and bone) [1].

Surgical debridement and early wound coverage are the
gold standard approach of those cases. The flap chosen
should be easy to execute relatively quickly with minimal
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discomfort to the patient and should provide durable cover-
age for the defect. Several local and local-regional flaps have
been described over the years, but they are not reliable, due
to their dependence on local vascularity, which is altered
from any possible underlying disease (diabetes mellitus) or
trauma [2].

Many anatomic studies [3—5] have been performed which
highlight the importance of reverse sural flap in confronta-
tion of these problematic defects. It is a reversed neurofasci-
ocutaneous flap which was first described by Masquelet et al.
[6], who published their experimental work involving skin
island flaps supplied by the vascular axis of sensitive super-
ficial nerves. They reported a flap based on reverse flow
through the anastomosis of superficial sural artery and the
lowermost perforator from the peroneal artery for the cov-
erage of the defects. This was followed by Hasegawa et al.
[7] with a series of 21 distally based superficial sural artery
flaps for the reconstruction of similar defects with almost
no complications. Later, in 1996, Cavadas and Bonanad
[8] described the use of the reverse-flow sural island flap
in varicose legs. As a result, the popularity of the sural flap
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has increased noticeably, rendering microsurgical free flap
as the mainstay of treatment for the traumatized lower limb.

Over the last decades, sural flap has gained wide use in
the reconstruction of moderate- to large-size defects for
lower limb salvage [3, 4, 9, 10]. This flap has been used for
the coverage of defects of the posterior and inferior surface
of the heel, the Achilles tendon, the middle and the distal
one-third of the leg, dorsum of the foot and lateral, medial
malleolus. Advantages of this procedure are thin flap with
ideal contouring, preservation of major vessels, short opera-
tive time in one stage, durable soft tissue coverage, no need
for vessel micro-anastomosis, low rate of complications and
minimal morbidity for the patient [1, 3].

The purpose of this study is to present our experience
with the use of distally based reverse sural flap for the
reconstruction of complicated wounds on the distal third
leg, ankle, dorsum of the foot and weight-bearing heel
with a minimum follow-up of the patients of 18 months
postoperative.

Patients and methods

The study took place in the Orthopaedic Department of the
University Hospital of loannina and was approved by the
institutional review board (IRB).

We retrospectively reviewed ten patients who were
operated with reverse sural flap for soft tissue deficit in

Fig. 1 a Soft tissue defect in
the heel as result of osteomy-
elitis. b Intraoperative image
of the reverse sural flap. ¢ The
covered soft tissue defect of the
heel right after the end of the
operation. d The same patient
12 months postoperative
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the foot and ankle. After collecting the demographic data,
we evaluated the coverage of the deficit, the donor site
morbidity and possible complications in the defect site as
well as in the donor site.

The patients included in the study were nine men and
one woman. The mean age of the patients was 40.5 years
(range 17-72 years). In seven cases, the deficit was the
result of trauma, in two cases, it was made due to osteo-
myelitis, and in one case, it was created after dog bite.
The mean covered area of the deficit was 50.5 cm? (range
20-112 cm2). Seven patients were smokers, whereas
five of them were taking medication for diabetes. The
mean follow-up of the patients was 21 months (range
18-24 months). In four patients, the defect was placed in
the posterior aspect of the heel (Fig. 1), in three patients
in the medial malleolus, in two patients in the dorsum of
the ankle (Fig. 2) and in one patient in the plantar side of
the foot and in the posterior aspect of the heel (Table 1).

In nine cases, there was association of the deficit with
other problems. In four cases, the deficit was associated
with an open fracture type IIIB according to Gustilo and
Anderson classification [11] of the lower limb, in one case
there was association with an open fracture IIIA, in one
case with an open fracture IIIC, in one case with diabetes
mellitus, in one with bimalleolar ankle fracture, and in
another one the Achilles tendon was exposed. Only in one
case, there was not an associated problem along with the
soft tissue deficit.
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Fig.2 a Soft tissue defect

in the dorsum of the foot. b
Intraoperative photograph of the
reverse sural flap. ¢ The covered
soft tissue defect on the third
postoperative day. d Venous

congestion of the flap 3 weeks
postoperatively. e The covered
soft tissue defect 18 months
postoperatively. f The donor site
18 months postoperatively

Table 1 Demographic data of the patients included in the study

Patient Age Sex Etiology Defect site Size (cm) Associated problems Complications
18 Male  Trauma Dorsum of the foot 8x7 III b metatarsal fractures None
2 53 Male  Osteomyelitis Medial malleolus and lower leg 5% 6 Diabetes mellitus Venous congestion
Partial superficial necrosis
3 65 Male Trauma Medial malleolus and lower leg 12X 8 medial and lateral malleolus None
fracture
4 23 Male  Trauma Posterior aspect of the heel 6%x8 none None
5 18 Male  Trauma Posterior aspect of the heel 5%x6 IIIC tibial fracture Venous congestion
6 32  Female Trauma Plantar and posterior heel 14x8 III b calcaneal fracture Venous congestion
Partial marginal necrosis
7 72 Male  Trauma Dorsum of the ankle 7X5 III a distal tibia fracture Complete necrosis
Diabetes mellitus
8 61 Male  Osteomyelitis Medial malleolus and foot 8% 6 III b distal tibia fracture Venous congestion
17 Male  Trauma Posterior aspect of the heel S5x4 III b distal tibia fracture None
10 46 Male Dog bite Posterior aspect of the heel 6Xx5 Exposed Achilles tendon None
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Surgical procedure

The lesser saphenous vein and the perforator branches of
the peroneal artery in the lower limb were identified with
the use of Doppler ultrasound preoperatively. The patient
was placed in prone position, and pneumatic tourniquet was
placed in the thigh without exsanguinating the limb. The
flap was centered along the center of the lesser saphenous
vein. The flap in the donor site was designed bigger than the
deficit in order to achieve skin to skin closure at the recipient
site [3, 12] (Fig. 3).

All the operations were performed by the same microsur-
gical operation team supervised by the same senior surgeon.
The skin incision is made along the line in which the fascial
pedicle will be taken. The sural nerve is exposed along with
the sural vessels and the short saphenous vein. Approxi-
mately, 2-cm elevation of the pedicle is made in order to
include the nerve and the vessels as well. Proximally the
vein is ligated, and the accompanying vessels are cut and the
nerve as well. The elevation of the skin flap is made along
with the deep fascia [7]. The donor site was covered by split
thickness skin graft.

Postoperative care

After the operation, the limb was placed elevated with a
round pillow under the knee for 2-3 weeks. The patient was
given anticoagulant therapy (subcutaneous low molecular
weight heparin injections) for 30 days. The stitches were
removed 3 weeks after the operation. The patients started
active and passive rehabilitation program after 2-3 weeks
postoperative. For the defects that were in the heel, partial
weight bearing was advised after the removal of the stitches
and full weight bearing 6 weeks after the operation.

Results

In nine out of ten cases the flap survived succesfully and
provided good coverage for the soft tissue defect. No com-
plications were observed concerning the wounds such as

Fig. 3 Patient positioning and design of the flap. The flap is designed
long enough in order to be able to be transferred to the deficit area in
the forefoot
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infection of the wound neither at the site of the deficit nor
at the donor site.

In four cases, venous congestion was noticed (Fig. 2d),
and in one of these cases, there was complete necrosis of
the flap 6 weeks after the operation (Table 1). In one of the
cases with venous congestion, partial superficial necrosis
was noticed, and in another one partial marginal necrosis. In
the case with complete necrosis of the flap, after the debride-
ment of the foot deficit-free fasciocutaneous anterolateral
thigh (ALT) flap was used for its coverage.

At the time of follow-up, all patients were able to ambu-
late well and they were satisfied by the result. There was no
weakness in heel-lifting force in all the patients. Moreover,
at the last follow-up, there was no evidence of recurrence of
ulceration. There was uneventfully healing of the donor site
during the last follow-up for all the patients (Fig. 3f).

Discussion

Coverage of soft tissue defects of the lower one-third of the
leg, ankle, dorsum of the foot and heel is always a difficult
problem to tackle. There are many possibilities for the cover-
age of these defects, such as skin graft, cross-leg flap, local
flaps, distally based muscle flap and free flap. Multiple free
flaps can be used for lower limb defects, such as latissimus
dorsi muscle flap, rectus abdominis muscle flap, anterolat-
eral thigh flap, and scapular flap. They are characterized
with good vascularity itself, and with no limitation on its
use as far as size of the defect sites, despite the disadvantage
of prolong surgical time and the demanding microsurgical
anastomoses [13]. Moreover, many reverse flaps have been
proposed for foot coverage, for example, the peroneal artery
flap, the anterior tibial artery flap and the posterior tibial
flap. The fact that of sacrificing major vessels of the limb as
well as the bulkiness should be taken seriously into consid-
eration in the use of these flaps, due to the risk of the whole
vascularity of patient’s limb [14—16]. Reverse-flow sural flap
has been proved a valuable tool in the reconstruction of these
problematic defects [17]. This flap receives a favorable judg-
ment in the international literature and is recommended for
many types of defects of the distal third of the lower leg and
the ankle region [18].

Donski and Fogdestam [19] introduced first the distally
based sural fasciocutaneous flap. Since then, the vascula-
ture of the calf and sural region of the posterior lower leg
has been investigated by many authors. Masquelet et al. [6]
described the use of a sural neurocutaneous island flap for
the reconstruction of soft tissue loss in the distal third of the
leg and ankle. In 1994, Hasegawa et al. [7]. proposed the
term “distally based superficial sural artery flap,” and later in
1996, Cavadas and Bonanad [8] described the surgical inter-
vention of varicose legs with reverse-flow island sural flap.
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Le Fourn et al. [20] performed an anatomic study involving
25 cases, using distally based sural fasciomuscular flap for
the treatment of calcaneal osteomyelitis. Almeida et al. [21]
agreed to the term of reverse-flow sural flap with their series
of 71 patients, persisting on the anatomic importance of
pedicle of sural flap. In 2008, Uygur et al. [22] used twelve
distally based reverse flow flaps for lower extremity recon-
struction after the release of postburn flexion contractures,
with success in all twelve cases. One year later, Chang et al.
[9] proposed a modified technique with including the distal
portion of the gastrocnemius muscle component for compli-
cated wounds of the lower third leg and weight-bearing heel.
According to the authors, this technical modification offers
a wider range for applications of the distally based sural
fasciocutaneous flap in the coverage of soft tissue defects
of the lower extremity. Even in high-energy trauma, such as
the war injuries, where there are complex soft tissue defi-
cits, the reverse sural artery flap has proved to be a reliable
solution [23].

Several authors concentrated mainly in the use of sural
flap for covering weight-bearing surfaces. Recently, Lar-
rafiaga et al. [24] presented their retrospective study of
patients with melanoma resection on weight-bearing heel
and mid-foot using reverse sural flap. The authors reported
100% flap survival without partial necrosis after a minimum
follow-up of 5 years. The same year Li-You et al. [25] pre-
sented the use of reverse-flow sural flap for covering soft
tissue defects in the heels of children resulting from spokes
injury, with satisfactory results.

Coverage of soft tissue defects in foot and ankle with an
infected bed consists a demanding challenge for the surgeon.
In 2007, Fahandezh-Saddi Diaz et al. [26] presented a case
report of chronic osteomyelitis in distal tibia where after the
debridement of the area, sural fasciocutaneous flap was used
for the defect coverage with complete healing. The same
year Al-Qattan [27] published a case series of 10 patients
suffering from lower limb soft tissue defects. In nine of them
there was an underlying infection bed. The patients were
treated with reverse sural artery flap, and primary healing
was noted in all the patients.

In our study, 90% survivorship of the sural flap is pre-
sented. The fact that 70% of the defects in our case series
were placed lower of the ankle joint in combination with
the fact that most of the patients were smokers and were
suffering from diabetes may explain the venous congestion
which was noticed in 40% of the patients. The present study
focused mainly on soft tissue defects which were placed dis-
tal enough from the donor site and more specifically further
from the ankle joint. Our results are comparable to those of
previous studies which present even 100% in plantar deficits
with a long-term follow-up [24, 25]. On the other hand, in
areview series with 70 sural artery flaps in healthy patients
and in patients with several comorbidities, the authors report

complications in 11% of the healthy patients, 33% in patients
with any systemic disease and 60% in patients suffering from
diabetes mellitus, venous insufficiency or peripheral arterial
disease [18].

Despite the promising results which are similar to those
presented in the international literature, the present study has
certain limitations. A large number of patients are needed
in order to be able to exclude safer conclusions. In addition,
it is a retrospective study with a relative short follow-up
period.

Conclusion

The reverse fasciocutaneous sural flap in this selected series
of patients has proven to be a reliable choice for recon-
struction in deficits which are placed relative distal from
the donor site, with low complication and morbidity rate.
The use of this type of flap in elective and clean situations
may be a factor that positively influences the outcome of
these procedures. Nevertheless, a large series of patients are
needed in combination with larger follow-up period.
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