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The frequency of defects related to the lower ex-
tremities is increasing because of the increas-
ing number of traffic accidents. In addition, 

reconstructing defects related to the leg soft tissue may 
be quite difficult because the soft tissue over the bone is 
rather thin and the tendons lie right under the skin.1,2 

Grafting and use of local flaps in the anterior tibia 
and ankle defects is highly limited, so alternative flaps 
need to be prepared for correcting defects in these lo-
cations. Although the reconstruction methods with 
muscle flaps have reduced morbidity, they cannot be 
used for correcting all defects because the muscle flap 
has a short pedicle. The use of perforator flaps is also 
limited because using them requires experience, and 
perforators are not found in all patients or found in dif-
ferent places. Free flaps are a good option for repairing 
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Background and oBJEcTIVE: Reconstructing defects related to the leg soft tissue may be quite difficult 
because the soft tissue over the bone is rather thin and the tendons lie right under the skin. Distal pedicle sural 
neurocutaneous flap with its long pedicle composed of skin, subcutaneous tissue and fascia is suitable for su-
perficial defects. This study aimed to determine the usability of the delayed reverse-flow (distally based) islanded 
sural flap for correcting tibial and ankle defects. 
dESIgn and SETTIngS: A prospective clinical trial conducted from 2012 to 2013 in Plastic & Reconstructive 
and Aesthetic Surgery clinic, Necmettin Erbakan University, Turkey.
METhod: Eleven patients with pretibial defects and a visible open bone who underwent reconstruction with 
reverse-flow islanded sural flap between 2012 and 2013 were included in the study. All patients who had defects 
between the middle of the tibia and the foot underwent surgery in 2 sessions under spinal anesthesia. In the first 
session, necrotic tissues were debrided and cultures were taken, and the flap was delayed. Reconstruction was 
performed in the second session.            
rESulTS: The biggest flap was 16×11 cm and the smallest one was 5×6 cm. The longest pedicle was 27 cm long 
and the shortest one 21 cm. A total of 6 patients were smokers and 3 had diabetes mellitus. One patient had par-
tial necrosis of the flap, and the necrosis was healed secondarily. No complications were seen in other patients.           
concluSIon: Delayed reverse-flow islanded sural flaps can be used as an easy, quick, and secure surgical 
alternative to free flaps for correcting in leg defects involving an exposed bone between the middle portion of 
the tibia and the heel.

lower extremity defects without involving local, muscle, 
and perforator flaps. However, complete or partial loss 
of flap in the cases of free tissue transfer due to vascu-
lar problems leads to serious clinical problems. Further, 
surgery involving free flaps causes morbidity, requires 
special surgical equipment and experience, and is time 
consuming. Moreover, because of comorbidities such 
as serious heart, pulmonary or kidney diseases, and/or 
injuries seen in most patients, long-term surgical proce-
dures cannot be performed.1,2 

The distal pedicle sural neurocutaneous flap with its 
long pedicle composed of skin, subcutaneous tissue, and 
fascia is suitable for correcting superficial defects. It can 
reach up to the ankle and calcaneus, and the foot base. 
The main disadvantage of using this flap is the loss of 
sural nerve sensation.3,4 The reverse-flow islanded sural 
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flap can be used in tissue reconstruction involving 1 or 
2 to 3 sessions with a delay. The survivability of the flaps 
was found to increase with the delay.5,6 

While many studies have focused on the use of sural 
flaps for reconstructing soft-tissue defects around the 
heel and ankle, no study has reported the use of the 
reverse-flow islanded sural flap for reconstructing leg 
defects between the middle portion of the tibia and an-
kle, to the best of our knowledge. Therefore, this study 
aimed to determine the usability of the delayed reverse-
flow (distally based) islanded sural flap for correcting 
tibial and ankle defects. 

METhod
Eleven patients with pretibial defects and a visible open 
bone that underwent reconstruction with reverse-flow 
islanded sural flap between 2012 and 2013 were includ-
ed in the study. Pretibial defects of all dimensions were 
included. Patients with foot or heel defects, peripheral 
vascular diseases, or injuries to the gutter area (5 cm 
proximal to the lateral malleolus) were excluded. All pa-
tients who had defects between the middle of the tibia 
and the foot underwent surgery in 2 sessions under 
spinal anesthesia (Figure 1a, 1b). In the first session, 
necrotic tissues were debrided and samples were taken 
for culturing (Figure 2a, 2b), and the flap was delayed 
(Figure 2c). If the culture was positive, appropriate an-
tibiotic treatment was started. The culture was repeated 
after 1 week, and in the case of negative culture results, 
reconstruction was performed in the second session 
(Figure 2d). 

Surgical Technique
Patients lay in the prone position under spinal anes-
thesia for the surgery. Tourniquet dissection was not 
performed. Doppler ultrasonography was performed 
to confirm the presence of viable perforators from the 
peroneal artery in the gutter area to ensure perfusion 
of the reverse-flow flap. In the first session, the flap was 
designed along the line joining the midpoint of the pop-
liteal fossa with the lateral malleolus. The size of the de-
fect was detected after debridement of the open wound. 
For designing the flap, a point 5 cm proximal to the lat-
eral malleolus was considered the point of origin. From 
this point, the pedicle length needed to close the defect 
was determined with the help of gauze. The flap was 
designed to be 20% larger than the defect. If necessary, 
the skin of the proximal three-fourth portion of the leg 
was included to the flap in large defects. Skin, subcu-
taneous tissue and muscle fascia of the flap that was to 
be elevated were incised from the proximal, medial, and 
lateral sides; the sural vein was left connected. Then, the 

Figure 1a. Appearance of open wound on the tibia in patient 1.

Figure 1b. Appearance of flap on the 15th day after surgery in patient 1.

Figure 2a. After tissues with necrosis were debrided, appearance of open wound and 
exposed plaque on the tibia in patient 2. 
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skin and subcutaneous tissue were sutured. At the dis-
tal flap, the skin and subcutaneous tissue were incised 
but the fascia was not, so at least 3 cm of the pedicle 
was protected. Ten days later, the flaps were elevated, 
including the superficial and deep fascia, sural nerve, 
minor saphenous vein, and sural vein pedicle. The skin 
flaps on the pedicle were elevated thinly and Z-shaped 
to obtain 3-cm-long pedicles that were previously pro-
tected at the proximal end of the flap. Distally, the flap 
pedicles were widened to 5 cm and set 5 cm proximal to 
the lateral malleolus to protect the perforators around 
the ankle. The tunnel was prepared in the lateral side of 
the tibia for the passage of the flap. The tunnel was se 
at least 2 cm wider than the flap pedicle medially and 
laterally. We attempted to reduce, the pressure of the 
tunnel to the pedicle. The defects were closed with the 
flaps that passed through the tunnels. Flap donor areas 
were closed with partially thick skin grafts. 

In the postoperative phase, the patients were immo-
bilized for 7 days in their beds, the patients’ legs were 
elevated to prevent venous congestion, and the flap vi-
ability was monitored.

Findings
In all, 11 patients (9 male, 2 female) were included in 
the study (Table 1). The mean age of the patients was 
39.7 years (min, 21; max, 57). The mean follow-up pe-
riod was 13 months (min, 9; max, 20), and the mean 
hospitalization time was 18 days (min, 13; max, 20). 
The biggest flap measured 16×11 cm and the small-
est one, 5×6 cm. The longest pedicle was 27 cm long 
and the shortest one 21 cm (mean length=24.5 cm). 
Six patients (54.5%) were smokers and 3 (27.2%) had 
diabetes mellitus; 7 patients (63.6%) who were in car 
accidents experienced fractures. The fractures were 
fixed by an external fixer in 3 patients (Figure 3a, 3b) 
and by plaque in the other 4. The plaques were exposed 
in the patients who had plaque fixation (Figure 1d). 
Reconstruction with local flaps was attempted in 4 of 
these patients (36.3%) previously in another health cen-
ter, but the procedure was not successful. One patient 
(9%) had partial necrosis of the flap, and the necrosis 
healed secondarily. No complications were seen in other 
patients. 

dIScuSSIon
Our study showed the successful usage of the delayed 
sural flaps for reconstructing soft tissue defects local-
ized between the middle portion of the tibia and ankle. 
Further, surgical delay increased the survivability of the 
sural flap, and the likelihood of success increased when 
the pedicles were 5 cm proximal to the lateral malleolus 

Figure 2b. flap was delayed.

Figure 2c. Appearance of flap on the 60th day after surgery in patient 2.
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and 5 cm wide. 
The use of flaps is necessary for reconstructing tissue 

defects with exposed vital structures in the cases of high-
energy injuries to the lower extremities. Alternative flaps 
are necessary because local flaps are generally unsuit-
able for correcting defects in the lower extremities. Free 
flaps are the gold standard for reconstructing lower leg 
wounds if indicated.7 However, using free flaps involves 
the use of special surgical equipment and experience and 
also associated with morbidity.1,2,8 

Several muscle flaps that can be used for filling deep 
defects and covering the infected or exposed bones are 
defined for the use in defects related to the lower ex-
tremities. The use of muscle flaps is quite limited for 
correcting defects related to the middle and distal tibia, 
whereas they can be used for correcting defects in the 
feet. However, they have a limited usage area because the 

used feet muscles are small and the length of the pedicles 
is small.3,4 

Le Fourn et al,3 who showed the relation between 
the vascular axle of the sural nerve and gastrocnemius 
muscles, created a musculocutaneous sural artery flap. 
The musculocutaneous sural flap was proposed to be an 
alternative to free muscle flaps for the treatment of infec-
tion and filling gaps.9 This flap can be used for correcting 
defects that are deep and large, and has low donor-field 
morbidity.4 

The superficial sural artery flap, which is one of the 
flaps used in reconstructing the lower extremities, can be 
lifted and connected to the lateral and medial perfora-
tors. This flap can be used to correct defects in the knee 
and proximal tibia.10 However, the disadvantages of us-
ing this flap are as follows: high experience is needed for 
dissecting this flap, it has a short pedicle, and not all pa-
tients have perforators.11,12 

Masquelet et al13 created a distal pedicled reverse-
flow sural artery flap using the relation between the 
median superficial sural artery and the bottom perfora-
tor branch of the peroneal artery. The sural artery flap, 
which is fasciocutaneous, can be used for correcting soft-
tissue defects of the ankle, foot base, and heel.14,15 

The distal pedicled sural neurocutaneous flap, which 
is used in reconstructing the lower extremities, differs 
from other flaps owing to its long pedicle. It allows re-
constructing feet, legs, ankle, and heel in the distal area 
where the flap is elevated. It can be elevated easily and 
quickly without disrupting the main artery flow of the 
lower extremity. It can be used securely in ischemic 
limbs. Although sural nerve sensory loss is an important 
disadvantage,3,4 this problem may not occur in patients 
with neuropathy and trauma owing to prior deteriora-
tion of sense in these cases. In addition, one study re-
ported a case of reconstruction without adding the sural 
nerve to the flap.16 

Unlike the muscle and free flaps, reconstruction 
methods involving the reverse-flow islanded sural flap 
do not cause harm to the existing muscles and have loss 
morbidity because only the skin, subcutaneous tissue, 
and fascia are used.3,4 This method can be used for cor-
recting in not only in large defects but also cavity de-
fects if a part of the flap is depithelized. Moreover, this 
method can be used for lower extremities because the 
flap has a long pedicle, its localization is the same for all 
patients, and the procedure can be learned quickly by the 
performing surgeon. The other advantages include the 
short surgical procedure and reduced morbidity. 

The reverse-flow islanded sural flap can be used for 
tissue reconstruction in 1 session, or it can be elevated 
more securely by delaying the procedure with 2 sessions. 

Figure 3a. bone fractures were fixed by external fixer in patient 3.

Figure 3b. Appearance of flap on the 30th day after surgery in patient 3. 
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Table 1. Data of patients.

Patient gender-age Type of trauma comorbidity Previous surgery Pedicle length 
(cm) Flap size (cm) result

1 M-36 car accident Smoking - 24 7×11 thorough

2 M-56 car accident Diabetes mellitus + 26 5×8 thorough

3 M-24 Gunshot wound Smoking - 25 7×9 partial necrosis

4 M-21 car accident - - 27 11×16 thorough

5 M-57 Gunshot wound Diabetes mellitus + 26 6×7 thorough

6 f-32 car accident Smoking - 23 5×6 thorough

7 M-41 Gunshot wound Smoking - 25 5×10 thorough

8 f-29 Gunshot wound - + 21 8×9 thorough

9 M-33 car accident Smoking - 24 12×14 thorough

10 M-54 car accident Diabetes mellitus - 26 5×7 thorough

11 M-43 car accident Smoking + 23 6×10 thorough

When elevated in 1 session, the complication rate among 
patients with no comorbidity was16%; this rate increas-
es up to 33% in the cases of patients with comorbidities 
like smoking, diabetes mellitus, and peripheral artery 
disease.5 In our series 9 out of 11 patients (81.8%) had 
comorbidities: 6 patients were smoking and 3 had dia-
betes mellitus. However, the complication rate was 9% 
(1/11). We believe that the main reason behind such a 
low complication rate was the surgical delay. 

Surgical delay involving 2 sessions is beneficial, as 
seen in our study, but in some cases, the surgery is com-
pleted in 3 sessions.6 A 2-day delay is beneficial for in-
creasing the survivability of the flap, and secondary sur-
gery is not needed in such cases. 

Some authors performed the procedure using the flap 
skin and flap and then elevated the flap.17 In our study, 
the flap was designed as an island flap and was set in the 
required location in full harmony with the surrounding 
tissues. Survivability of the flap was not affected by the 
island shape of the flap. 

Placing an expander under the flap is also suggested 
for filling large defects.18 In addition to obtaining large 
flaps for large defects, surgical delay can also be achieved 
by placing the expander under the flap and the flap’s re-
sistance to ischemia can be increased. It was reported 
that large defects can be reconstructed by placing an 
expander under the flap; however, flaps bigger than the 
largest flap used in that study were elevated successfully 
in our study. Almost the entire posterior leg can be used 
for obtaining the sural flap base, when surgical delay is 
involved.

Reverse-flow islanded sural flap can be used for 
reconstructiing a large area, e.g., from the middle por-
tion of the leg to the foot, in a short period because it 
has a long pedicle. All flaps in our series were sufficient 
for closing tissue defects without secondary surgery. 
However, the flap could be damaged because it is located 
in the lower extremity trauma zone, so in such cases, the 
flap may not be of any use. The circulation of the flap 
can be disrupted, if the surgery is not performed in 2 ses-
sions. Patients should be made aware of the fact that the 
sural nerve will be damaged when this flap is used and 
that the surgery will be performed in 2 sessions. The first 
session of the surgery involves debridement and cultur-
ing of the wound. If the culture was positive, appropriate 
antibiotic treatment was started. The culture was repeat-
ed after 1 week, and in case of negative culture results re-
construction was completed by elevating the flap. There 
are no cases of growth in second cultures after antibiotic 
treatment. The flap was elevated 10 days after the de-
lay process in culture-negative patients, whereas the flap 
was elevated after 15 days in culture-positive patients. 
It is known that the delay period occurs between 7 and 
21 days.19 For this reason, 1 week period of waiting for 
culture results had no effect on flap survival. Further 
studies are required to explore the creation of the flap 
without creating the sural nerve. 

Delayed reverse-flow islanded sural flaps can be used 
as an easy, quick, and secure surgical alternative to free 
flaps for correcting leg defects involving an exposed 
bone between the middle portion of the tibia and the 
heel.
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