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Summary We present in this work, our experience with the sural fasciocutaneous
flaptotreatcoveragedefects followinga lower limbposttraumatic lesion.Thispaper isa
review of these flaps carried out in different centres between 2000 and 2005. The series
consists of 14patients, 12menand2womenwith anaverageageof 38years (23—54)and
with a medium follow-up time of 2 years (12—48 months). In all of the cases, aetiology
was a lower limb injury or its complications, most frequently a distal tibial fracture
(eight patients), followed by sequelae from Achilles tendon reconstruction (two
patients), fracture of the calcaneus (two patients) and osteomyelitis of the distal tibia
secondary to an open fracture (two patients). Associated risk factors in the patients for
performing the flap were diabetes (one case) and cigarette smoking (four cases).

The technique is based on the use of a reverse-flow island sural flap with the
superficial sural artery dependent on perforators of the peroneal arterial system. The
anatomical structures which constitute the pedicle are the superficial and deep fascia,
the sural nerve, short saphenous vein, superficial sural artery together with an islet of
subcutaneous cellular tissue and skin.

The flap was viable in 13 of 14 patients. Only one flap failed in, a diabetic patient.
No patient showed signs of infection. Slight venous congestion of the flap occurred in
two cases. No further surgical intervention of the donor site was required. In two cases
partial necrosis of the skin edges occurred which resolved satisfactorily with con-
servative treatment.
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The sural fasciocutaneous flap is useful for the treatment of complex injuries of the
lower limbs and their complications. Its technical advantages are: easy dissection with
preservation of more important vascular structures in the limb, complete coverage of
the soft tissue defect in just one operation without the need of microsurgical
anastomosis. All this results in a well vascularised cutaneous islet and thus a reliable
flap.
# 2006 Elsevier Ltd. All rights reserved.
Introduction

Coverage of soft tissue defects in the lower limbs is
currently a more frequent procedure due to the
increase incidence of ‘‘high energy’’ traumas which
affect this location. The skilled orthopaedic surgeon
should be capable of carring out an integral treat-
ment of these lesions which include not only open
reduction and internal fixation of the fracture frag-
ments but also the management of complications
which may arise such as local skin necrosis. In 1987
Ferreira et al. presented the concept of fasciocu-
taneous flap of the distal pedicle based on the
inframalleolar perforators.1,2 In 1992, Masquelet
et al. described the use of the neurocutaneous flap
for reconstruction of soft tissue defects of the distal
third of the leg.2

Among the main indications for a sural fasciocu-
taneous flap are soft tissue defects of the heel and
the external or internal perimalleolar regions.
Figure 1 (A—D) Distal tibial fracture
Materials and methods

We present a retrospective review of the sural fas-
ciocutaneous flaps (SFF) carried out in the four cen-
tres of work of the authors of this article by the
Department of Trauma and Orthopaedics Surgery
between 2000 and 2005. The series comprised 14
patients, 12 men and 2 women with an average
age of 38 years (23—54) and with a medium follow-
up of 2 years (12—48 months). The most frequent
cause leading to a soft tissue defect in the lower limb
in our series was a distal tibial fracture (eight cases)
(Fig. 1A—D) followed by sequelae from Achilles ten-
don reconstruction (two cases) and a fracture of the
calcaneus (two cases) (Fig. 2A—D) (Table 1). In the
remaining patients (two cases) the aetiology was
osteomyelitis of the distal third of the leg with a soft
tissue defect of the perimalleolar area (Fig. 3A—C).
One patient was diabetic and there were four smo-
kers.All flaps but one (case 6)were suprafascial. In all
with external fixation. Final result.
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Figure 2 (A—D) Case 4. A calcaneous fracture and skin necrosis. Final result.
patients we used spinal anaesthesia and they were
positioned prone. A tourniquet was placed in the
proximal lower limb and exanguination achieved by
elevation of the lower extremity; this facilitates the
identification and dissection of the neurovascular
structures in contrast with the use of the Esmarch
bandage.
Surgical technique

The sural fasciocutaneous flap (SFF) is made up of
skin and subcutaneous fat, the superficial and deep
fascia of the posterior part of the leg, sural nerve,
the sural vein and the superficial sural artery. The
graft is based specifically on the vascularisation
that runs with the sural nerve. Flap irrigation is
accomplished by a distal reverse flow of the super-
ficial sural artery dependent on perforators of the
peroneal arterial system. There are numerous ana-
stomoses between the peroneal artery and the vas-
cular axis of the flap. Themost distal is usually found
at a distance of 4—5 cm above the tip of the per-
oneal malleolus and thus it is taken as the point
where the pedicle pivots. The sural nerve is supplied
by fasciocutaneous branches of the peroneal artery
in the distal two thirds of the leg. The proximal third
is supplied by the superficial sural artery.

Proximally, this flap cannot be delineated further
than the junction of the heads of the gastrocnemius
(Fig. 4A), as at this level the sural nerve and the
artery are subfascial until they reach the popliteal
fossa. However, it is possible to develop a subfascial
viable flap, the so-called myofasciocutaneous flap
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such as in case 6 of our series where it was necessary
to cover a deeper soft tissue defect, for which we
incorporated part of the gastrocnemius muscular
mass.

We have always initially drawn the pivotal point
of the pedicle 4—5 cm from the lateral malleolar tip.
We outline the expected trajectory of the sural
nerve, artery and vein in the posterior aspect of
the calf. Then we measured the defect to cover and
based on its dimensions, we draw the skin islet to be
transferred in the form of a paddle centred over the
depicted neurovascular sural bundle. A broad dis-
section is carried out to incorporate the deep fascia,
dividing the sural nerve proximally and ligating the
artery and the vein (Fig. 4B). The entire flap is
elevated and dissected from proximal to distal. Stay
stitches were placed between the skin and subcu-
taneous fascia to prevent sliding of both layers that
may damage the perforators which constitute the
basis of this flap. At this stage careful diathermy of
the bleeding perforators in the lateral margins of
the flap is mandatory. In this way, the gastrocnemius
musculature is left exposed. Dissection of the graft
has to reach the distal limit which we marked, 4—
5 cm proximal to the lateral malleolus. The width
of the carrier pedicle is 3—4 cm. A subcutaneous
tunnel is created and the flap is then transposed to
the area of the defect we wish to cover, by carefully
rotating the flap over its pedicle up to 1808 (Fig. 4C).

The donor site is closed with interrupted sutures
if the islet skin flap dissected is no wider than 5—
6 cm. Otherwise a free skin graft may be used to
cover the defect created. At the end of this proce-
dure the tourniquet is deflated and adequate circu-
lation of the flap verified. Numerous punctures of
the flap, using a 25 G needle, are made to allow
bleeding, thus minimising hyperaemia and venous
congestion. A drain is left under the rotated flap to
minimise the likelihood of haematoma formation.
The limb is dressed with cotton and elastic ban-
dages.
Results

The flap yielded a satisfactory cover of the defect in
13of 14 cases.Theflap failedandnecrosed in theonly
diabetic patient in this series. This happened due to
microvascular angiopathy and it might have been
prevented by using a fasciomusculocutaneous —
usually indicated to cover much greater and deeper
defects — since the skin is accompanied by transfer-
ring healthy muscle from the gastrocnemius mass.
When we removed the necrosed graft we found a
healthy bed of soft tissue which allowed a secondary
intention closure. In two cases skin bridge necrosis
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Figure 3 (A—C) Distal tibial ostemyelitis and fasciomusculocutaneous graft. Final result.
occurred in the area of the flap tunnelling that
resolved satisfactorily without affecting the progress
of the graft and with no significant consequences.
Infection was not observed in any of the cases and
slight venous congestion ‘‘of the flap’’ occurred in
two patients. The donor area did not require further
surgery in any of the patients in this series. The
average surgery time was 70 min (50—90). The aver-
age size of the flap taken was 5 cm � 5 cm.
Discussion

There is a large variety of muscular or pedicled
flaps for reconstruction of lower limb soft tissue
defects. The use of these techniques is not com-
mon among orthopaedic surgeons due to the lack
of familiarity with them and the potential for flap
failure and problems derived from morbidity of the
donor site.

Free flaps, lateral supramalleolar skin flap, pos-
terior tibial perforator flap are the main alternative
to sural flaps. Free flap reconstruction of defects
requires lengthy and costly hospitalisation, micro-
surgical training and experience, special instru-
ments and a two-team approach. The long
operative time and functional donor-site morbidity
are major disadvantages of this method. Good plan-
ning and microsurgical experience are the most
important factors for successful results. Free flaps
are advised for extensive skin defects or in cases
where poor distal vascularity of the leg or local
trauma precludes the reliability of a distally based
fasciocutaneous flap.1—10

A lateral supramalleolar skin flap offers a range of
coverage similar to that of the sural flap but the
dissection is more difficult than for a sural flap and
offers no advantages; the area of anaesthesia in
sural flaps is smaller than after transecting the
superficial peroneal nerve. Theoretically, the sural
flap does not cover as distally as the supramalleolar
flap but some authors stated that the distally based
sural flap is more reliable than the lateral supra-
malleolar flap, especially regarding the venous con-
gestion and have shown the usefulness of the sural
flap for weight bearing areas even when ressensibi-
lisation is not performed; a lateral supramalleolar
skin flap is not recommended for coverage in this
areas. The global proportion of failures is almost
four times as great for the supramalleolar skin
flap.14

The posterior tibial perforator flap is another
option.4 It is a very reliable flap and indicated in
lower limb defects, especially in reconstruction of
chronic Achilles tendon defects. A more difficult
dissection, a larger learning curve are the main
disadvantages. A medial distal septocutaneous
flap,7 based on the intermuscular posterior tibial
perforators is an alternative.

The advantages of the sural flap compared to
other covering methods are the simplicity of the
design and dissection of the pedicle flap that can be
carried out with a loup magnification and without
the need for microsurgical instrumentation or ana-
stomosis, the preservation of the principle vascu-
larisation of the lower limb and the need for only
one operation. The sural pedicled flap constitutes a
well vascularised cutaneous islet and reliable flap
offering the possibility of covering a broad range of
areas with cutaneous defects in the distal tibia, heel
and ‘‘up to the’’ rear foot. The sural flap has been
used in patients with diabetes mellitus and recur-
rent plantar ulcers that require a major muscular
coverage, even though the only diabetic patient in
our series failed. We explain that failure with the
presence of severemicroangiopathy and because we
did not use a fasciomusculocutaneous flap which
enables coverage of much greater and deeper
defects since the skin is accompanied by transfer-
ring healthy muscle from the gastrocnemius mass.
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Figure 4 (A) This flap cannot be delineated further than the junction of the heads of the gastrocnemius. (B) A broad
dissection is carried out to incorporate the deep fascia, cutting the sural nerve (1) proximally and ligating the artery (2)
and the vein (3). (C) A subcutaneous tunnel is created and the flap can then be transposed to the area of the defect we
wish to cover, being able to rotate the flap over its pedicle carefully up to 1808.
The sural flap can be especially useful in cases of
injuries with serious compromise to the circulation
of the major arteries of the lower limb as long as the
peroneal artery is intact or when a microsurgical
procedure is contraindicated. One of the few dis-
advantages of this flap is that by sacrificing the sural
nerve, an inevitable anaesthesia area appears over
the lateral aspect of foot which usually is well
tolerated by the patient. The survival index of
the flap exceeds 90%. It can be used in an emergency
situation and it does not expose it to the failure of
the flap.1

Masquelet et al.12 were the first to describe the
vascularisation of the skin in the lower limb and the
arteries which follow the trajectory of the periph-
eral nerves. The sural nerve comes down the leg in
close relationship with the short saphenous vein.
This nerve is supplied by the superficial sural artery
in the proximal third of the calf and by fasciocuta-
neous branches arising from the peroneal artery in
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the distal half of the leg along the suprafascial
course of the sural nerve. This sural artery anasto-
moses with the peroneal artery by means of 3—5
fasciocutaneous perforators which ensure adequate
inverse irrigation of the flap. The peroneal artery
supplies the sural nerve and venous anastomoses
circulate along this artery to ensure venous return.
Several authors have demonstrated that the main
anastomosis of this arterial network is located 5 cm
proximal to the peroneal malleolar point.1—3,5—7,9,10

Other surgeons do not include the sural nerve in the
flap based on the existence of a perforated branch
of the peroneal artery which by itself is capable of
irrigating the graft without the need to transfer the
accompanying nerve.1,2,5,8,15

Some authors perform a Doppler test prior to the
intervention that confirms the integrity of the per-
oneal artery, its anastomosis with the fasciocuta-
neous branches and the precise localisation of the
pivot point on which the flap should rotate.6,9,13

Other surgeons only do a Doppler examination of the
lower limb when there is reasonable doubt as to the
normality of the peroneal artery which is the ana-
tomical basis of this graft.1—3,6,7 We have not carried
out a Doppler test in any of our patients because
there was no lesion to suspect the presence of
abnormalities in the vascular treementioned above.

With respect to the size of the flap, the largest
dimension documented in the literature is
17 cm � 16 cm, but the complication rate increases
accordingly with the graft size.With enlarged flaps,
the larger pedicle may be compressed more easily
once it is tunnelled and post-operative swelling
increases which may augment venous congestion
of the flap with the risk that this involves11,12,14—17

and a greater possibility of suffering partial necrosis
of the skin bridge under which the graft is tun-
nelled. Other authors do not tunnel the flap under
the skin due to fear of compression of the fatty
pedicle against the skin especially in the postopera-
tive phase when more swelling deveops.5 The
donor area morbidity increases in relation to the
size of the flap dissected being sometimes neces-
sary to cover the defect created with a large free
skin graft. In our group, the average size was
5 cm � 5 cm.

Other authors use these same anatomical prin-
ciples by creating the fasciomuscular grafts and the
subfascial course of the nerve5 by creating a fas-
ciomusculocutaneous graft making use of the prox-
imal subfascial course of the sural nerve. The basis
is always the sural nerve but a variant is added, the
inclusion of a fragment of the gastrocnemius in
the flap that depends on perforating arteries that
run from the sural nerve to the gastrocnemius
musculature. There is no risk of necrosis of this
musculature since it is vascularised inversely like
the original sural flap. This method provides ade-
quate coverage to greater and deeper defects since
the skin is accompanied by transferring healthy
muscle from the gastrocnemius mass. Moreover,
the literature even shows a series of osteomyelitis
cases treated with this flap with excellent results5

as we did in case 6.
In some hospitals there may be no plastic surgeon

available on a daily or regular basis. Although some
of the converging techniques or flaps may require
the use of microsurgical instrumentation and skills
with a special training, this should not be the case
with the sural fasciocutaneous flap. We believe that
the fasciocutaneous sural flap is a simple and quick
technique that can be easily reproduced with a low
rate of complications.

The sural flap constitutes a reliable and versatile
technique that should form part of the therapeutic
arsenal of all the orthopaedic surgeons, facilitating
the integral treatment of complex lower limb inju-
ries with exposed defects.
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