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Background: Reverse sural artery flap has proved to be a good option to reconstruct soft tissue defects
of lower limb and foot region. Different studies, however, speak of its use in different areas depending
upon the individual experiences. Various modifications of the flap technique have been described in
various studies. This study highlights many of the modifications in a single series and the fact that
extending its arc of rotation, flap has capacity to deal with defects of middle and lower thirds of leg,
heel, ankle, sole, dorsum and forefoot. Methods: In this case series, flap was utilized in 66 cases.
Extension of skin paddle up to knee joint crease level increased the arc of rotation and as a result series
witnessed this flap covering defects at the forefoot level. A good number of modifications suggested in
literature were utilized to get optimal results. Results: Lower leg defects were covered in 26 cases. Heel
was the site of defect in 18 patients. Dorsum foot needed soft tissue cover in other 15cases. Flap was
successful in 62 cases and it failed in 4 cases. Conclusions: Flap due to its long arc of rotation has the
capacity to deal the defects of middle and lower thirds of leg, heel, ankle, sole, dorsum and forefoot.
Various modifications can be wisely utilized to increase the efficacy of the flap.
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INTRODUCTION

Involvement of the lower limb in various traumatic
incidences is quite common and leads to variety of
injuries which demand soft tissue coverage. As
compared to the upper limb and hand, the options for
providing soft tissue cover to the defects in the area
are quite scarce. Reverse flow flaps based on anterior
and posterior tibial arteries require the sacrifice of the
major vessel involved. Free flap remains the option of
choice but facility itself is not widely available and so
is the expertise for its execution. Several flaps have
been described to provide defects at leg and foot
separately. Reverse sural artery flap was first
described by Masquelet et al* in 1992. Since then it
has been widely studied for its various anatomical*®
and clinical aspects.*® Immediately after its first
description and simultaneous anatomical and clinical
studies, flap saw its increasing use in coming years for
the soft tissue defects coverage of lower limb.”°
Technique  also  witnessed  various
modifications like delay of flap,"**? exteriorization of
the pedicle®, tunnelling the flap through the
subcutaneous tissue to make it a single stage
procedure,™ mobilization of the perforators,” using a
wider pedicle,"®'® supercharging of the flap,*"*® cross
leg reverse sural flap,” making the flap a panninsular
instead of an island flap,2®# use of boot to relieve
pressure on the pedicle,? including a midline muscle
cuff in the flap®* and use of leeches for flap
survival.? It is one of the few studies which compares
majority of these modifications found in literature
with the cases performed during the course of this
study and hence may be a good reference for majority

of these modifications. It also highlights that flap due
to its long arc of rotation has the capacity to deal the
defects of middle and lower thirds of leg, heel, ankle,
sole, dorsum and forefoot.

MATERIAL AND METHODS

Soft tissue defects of lower limb dealt with reverse
sural flap during the period from Dec 2003 to Dec 2010
were included in this case series. While considering
suitable reconstruction option for all the cases with soft
tissue defects of lower limb, rule of reconstructive
ladder was taken as principle guideline. Only cases
which were not treatable with more simple options of
primary closure, skin grafting and local flaps were
considered for this option. A healthy granulating
wound stage was reached in all the cases by proper and
adequate wound care before utilization of flap for
wound coverage. Care was observed for not utilizing
this option in cases where lower third of leg or
neurovascular axis area was found involved in the
injury. Procedure was started with freshening of the
wound margins and making a template of the wound
size. Skin markings were then carried out with patient
in prone position. First point to be marked was at the
midpoint between the lateral maleolus and tendo-
achilles which was then connected to a point in the
midline at the popliteal fossa. This line roughly
presented the pedicle. Lower most set of perforators
were then marked along this line located 5-7 cm above
the lateral malleolus. Starting from this point, the arc of
rotation was decided by measuring distance between
this point and the wound edge. This length was marked
on the line and wound template was then placed
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proximal to this point as skin paddle to be harvested. As
a next step, width of the pedicle was marked along the
axis line. Width of the pedicle depended on the width,
location and size of the skin paddle to be harvested. In
cases where pedicle was tunnelled to the defect site it
was de-epithelialized. Dissection was then started from
proximal border of the skin paddle. Lesser saphenous
vessels, sural nerve and artery were identified and
ligated one cm proximal to the skin paddle. Dissection
plane was immediately reached deep to deep fascia and
then proceeded distally just above the underlying
muscles. The fascia was sutured to the skin of the flap
to avoid shearing forces on the small vessels traversing
between the fascia and the subcutaneous tissue. Pedicle
was exteriorized in cases where subcutaneous tunnel
was not considered enough to accommodate it in the
post-operative period. Similarly, a case where whole of
the width and length of the calf was utilized to cover
extensive defects, the interpolation flap was utilized. In
cases where delaying of the flap was carried out, second
stage of raising flap was carried out ten days after the
delay procedure. Flap was sutured to the defect site in
layers and the donor site was covered with split skin graft
in all the cases. In cases requiring second stage of
division and in setting, it was carried out after an interval
of three weeks. Patients were advised regular massage of
grafted skin area at donor site after removal of stitches to
get smooth and pliable skin. Cases were regularly
followed for six months in outdoor.

RESULTS

A total of 66 cases of lower limb soft tissue defects
were dealt with reverse sural flap. It included 57 males
and 9 females. Age of the patients ranged from 6 years
to 56 years. Majority of the cases, i.e., 30, were in the
third decade of their life. Road traffic accidents were
the most common aetiology of these soft tissue defects
with 42 cases, followed by post traumatic defects in 14
cases. Soft tissue defects resulted from burn injuries in
five cases (Table-1).

Heal area was involved in 18 cases. Defects at
lower third of leg were covered in 15 cases. Dorsum of
foot was covered in 15 cases. Defects at lower half and
middle third of the leg were covered in 11 cases. Ankle
was site of defect in 5 cases (Table-2).

Flap was delayed in two cases and both of
them had defect at dorsum of the foot. Twenty three of
the flaps at lower leg were tunnelled to the defect site.
In seven cases interpolation flap was utilized. In rest of
the cases pedicle was exteriorized. In two of the cases
flap pedicle area was involved in the injury and as a
result cross leg flap was harvested.

Flap failure was observed in four cases. In
two of these cases, the cause was direct pressure on the
pedicle area of the flap due to non-compliance of the
patient. Rest two of the cases were known diabetic and
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in spite of every possible care the flap got failed. Cause
remained unclear. These cases were then dealt by
simple skin grafting with less suitable results. In three
other cases only distal most parts showed necrosis and
that was limited to couple of centimetre strip area. The
resulting defects in these cases healed by secondary
intention. There was epidermolysis in two of the cases
but it healed uneventfully. The flap area showed minor
pressure ulceration in two cases during late
postoperative period which healed with conservative
approach by removing the pressure on the area.
Similarly, during late postoperative follow up, minor
contour deformity at flap coverage area were corrected
by de-bulking in four cases.

Figure-1: Wound after road traffic accident was
covered and heel reconstructed with Reverse
Sural Flap
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Figure-2: Another case with soft tissue defect
resulting from run over by a bus. Tendons and
metatarsal bones are visible

i o e \“
Figure-3: Medial aspect of the same foot in Fig 2
showing the extensiveness of the area involved.

Figure-4: Interpolation flap has been marked with
its proximal border at the right crease and width
equals that of back of the leg

Figure-5: Post opertlve view of the same case,
Table-1: Various etiologies of the soft tissue defects

Aetiology Number Percentage
Road Traffic Accidents 42 64
Trauma 14 21
Burns 5 8
Diabetic wound 3 4
Fire arm injury 2 3

Table-2: Utilization of flap at different areas.

Area Number Percentage
Heel 18 27
Lower third of leg 15 23
Dorsum foot 15 23
Middle third of leg 8 12
Ankle 5 8
Lower half of leg 3 4
Sole of foot 2 3
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DISCUSSION

Modernization, rapid increase in use of
automobiles and lack of traffic sense has all
contributed to increased trauma to lower limb in
our setup. Road traffic accidents remain the biggest
cause of lower limb trauma in this part of world®
and study had 42 cases (70%) with aetiology of
road traffic accidents.

Reverse sural artery flap has extensively
been used for reconstructing the soft tissue defects
of lower limb and the foot (Figure-1). In majority
of the cases, a particular study would speak about
its use at a particular area.’®? % This series,
however, saw its extensive usage in lower leg, heel,
ankle and foot areas including sole, dorsum and
forefoot. Although some of the studies®® from
this region mentioned this flap covering the soft
tissue defects at the hind foot only, this study
witnessed soft tissue defects at forefoot covered
with this flap.

Heel was the most commonly involved
area in these soft tissue defects with 18 cases.
Number of studies have found this flap a good
option for reconstructing defects in this area.*"?"?
This flap was used in various soft tissue defects of
lower leg. Most common was the involvement of
lower one third with 15 cases. Another group of 8
cases had soft tissue defects at middle one third.
Lower half of the limb was involved in 3 other
cases. Whereas flap was mostly tunnelled to the
defects at leg and reconstruction was a single stage
procedure, the defects around ankle and foot
required exteriorization of the pedicle thus making
this a staged procedure.

Coverage of this spectrum of the soft
tissue defects, starting from lower half of the leg to
forefoot and sole, was possible only because of the
long arc of rotation of the pedicle. It also helped to
cover large areas where soft tissue defects were
quite extensive. This series saw three cases of feet
run over by bus which had been advised
amputations. Salvage was planned with reverse
sural flap and in all the cases feet survived (Figure-
2 & 3). Study witnessed this arc extending up to the
knee joint crease in some of these cases. Fig.
4.Studies have mentioned to be cautious while
raising this flap from the proximal third of the
lower leg.®®#1%34 These studies believe that flap
circulation depends on direct coetaneous branches
of the sural artery which are present only in the
superficial portion of the artery, i.e., in the lower
two third of the lower leg. It has therefore been
suggested that flap survival is not predictable in the
upper third portion of the lower leg. However, as
the flaps for heel, sole and forefoot area demand
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the longest flap dimensions, majority of the flaps
covering these areas came from the upper one third
of the lower leg and survived successfully (Figure-
5). It can therefore be concluded that flaps coming
from upper one third may be as safe as those from
lower two thirds provided: 1) the vascular network
in the loose areolar tissue is kept intact, 2) width of
the pedicle is increased, 3) lowest point along the
axis of the pedicle is moved bit higher to include
more of the perforators in the base and last but not
the least 4) perhaps these are the cases that would
require delay of the flap to be sure of the
vascularity of the upper third as well.

Flap delay and increase in the width of the
pedicle, both of these, are carried out to increase
the vascularity of the skin paddle included in the
flap. As extending the proximal limit of the flap, to
the upper third of the back, puts the vascularity of
the area in question, so both of these modifications
are helpful to maximize the vascularity of flap.
Moreover, great care in required to exercise this
modification in patients with associated co
morbidities, in cases of atherosclerosis or history of
smoking. In these cases not only modification
needs to be avoided rather decision of the flap must
also be revisited.

Flap anatomy has been studied in detai
and location of the perforators has been described
in detail. This detail has been very useful in
planning the flaps during this study especially
because in none of the flaps help of Doppler was
taken due to non-availability of this instrument at
the department. Although it was a shortcoming of
this study, yet it also showed that results of these
studies were quite reliable in various ethnic groups.
However, use of Doppler is highly recommended
to stay safe and status of the peroneal artery must
also be evaluated preoperatively.

Width of the flap base has been a topic
that needs elaboration and also how to decide what
must be width of the pedicle. Whereas the
perforators can be skeletonized to reduce the
pedicle bulk, increased width of the pedicle has
been recommended as a modification in difficult
cases.®*® Therefore, in cases where skin paddle
width equalled the width of the calf, it was found
necessary to increase the width of the pedicle
accordingly. It also highlights that width of the
pedicle has to be individualized. Mobilization of
the peroneal perforators in inter-muscular
septum has also been recommended as a
modification to gain the length.'® However, it
was utilized only in few cases where distal most
edges of the flap were under tension. Author
does not recommend the frequent use of this
option as it may jeopardize the vascularity of the
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flap and every attempt must be made to leave the
perforator undisturbed.

Exteriorization of pedicle and leaving skin
intact over the pedicle have been wused as
modification of the flap raising technique.’*%%
During this series, pedicles of the flaps covering
soft tissue defects at leg were tunnelled to the
defect sites. However, flap pedicles for the foot and
ankle were exteriorized. In cases with lager skin
paddles utilizing the maximum length and width of
calf skin, interpolation flaps were utilized. Flap was
tunnelled to the defect site only in the cases where
tunnel size was adequate to accommodate the
pedicle freely and also had the capability of
accommodating post-operative oedema. In any case
where the skin in the area was found tight and was
not considered accommodative for pedicle, the
pedicle was exteriorized.

Delaying of flap has been recommended
in some of the studies to enhance the blood supply
of the flap.***? It was utilized in two of the cases
where bigger size of the flap, reaching the upper
third of the leg, demanded this precaution and the
vascularity of the area was doubtful. Similarly, in
two of the cases cross leg reverse sural flap was
utilized.

Reconstruction of soft tissue defects at
tendo Achilles, heel and sole of foot may pose a
problem as pressure on pedicle in supine position
jeopardizes the blood supply. A modification of a
boot made of plaster of Paris has been
recommended in some of the studies?® but these
were not adopted. In such cases, patient may
simply be asked to rest in prone position and avoid
pressure on the pedicle. However, we took
advantage of the positioning of foot in various
cases. As it is apparent, the cases requiring
coverage at distal most sole or dorsum of the foot
would require maximum length of the arc and
subsequently would also have tension on the
pedicle length. Dorsiflexion at ankle in cases of
defects at dorsum and plantar flexion in cases of
defects at sole or heel area would relieve tension on
the pedicle. This measure was adopted in the series
with good results. Dorsiflexion can be maintained
by simple crepe bandage passing around the knee
area and sole of foot with both the knee and ankle
joints in flexion. A pillow beneath the foot with
patient in prone position suffices to hold the foot in
plantar flexion. In any instance direct pressure on
the flap or pedicle was avoided.

CONCLUSIONS

The study advocates that surgeon must be aware of
various modifications in the technique, analyze
them well before drawing any conclusion and try to
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practice these to enlarge the spectrum of the defects
getting benefited by this flap. Although flap is
being widely used, most of the studies find its use
at particular area. However, its arc of rotation can
very safely be extended to knee joint crease for
most distant and large defects provided certain
precautions have been taken care of. Delay of flap,
increase in the width of the pedicle and avoiding
the manipulation of perforators all play vital role to
make this modification a success.
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