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Abstract. – OBJECTIVE: Surgical recon-
struction of soft tissue defects in the distal third 
of the lower limbs has always been challenging 
for surgeons. The adipofascial flaps are made 
up of vascularized adipose tissue, which plas-
tically conforms to the site to be reconstructed 
with its rich presence of stem cells. In this study, 
we resumed our case history of reverse neuro-
adipofascial sural flap, and we evaluated the sta-
bility of the scar to verify if this type of recon-
struction can ensure long-term results and its 
regenerative power.

PATIENTS AND METHODS: In this retro-
spective cohort study, we analyzed 32 patients 
who had undergone lower limb reconstruction 
with the sural neuroadipovenous flap. 

RESULTS: A total of 32 patients were includ-
ed in the study. The average age was 62.2 years. 
Chronic skin ulcer was the cause of the defects 
in 13 (40.6%) patients, chronic wound after trau-
ma in 7 (21.9%) patients, wheel bedsores in 4 
(12.5%) patients, osteomyelitis in 5 (15.6%) pa-
tients, exposed internal hardware in 2 (6.3%) 
patients, dog bite in 1 (3.1%). The site defect 
comprised 11 heels (34.4%), 4 external malleo-
li (12.5%), three medial malleoli (9.4%), 12 lower 
third of the leg (37.5%), and two dorsa of the foot 
(6.3%). In all cases, defects were covered with 
reverse sural island flap. The dimension of the 
flap ranged from 5 to 9 cm in length and from 3 
to 7 in width. Six patients showed early or later 
postoperative complications.

CONCLUSIONS: The neuroadipofascial su-
ral flap is versatile, fast, and easy-to-perform to 
cover a chronic defect in the distal part of the 
lower limb, including both the malleoli and the 
heel, due to its long vascular pedicle. Consistent 
with the studies carried out in other districts, the 
present study confirms the remarkable regen-

erative power of the vascularized adipose tis-
sue at the level of complex wounds of the lower 
third of the leg.
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Introduction

Surgical reconstruction of soft tissue defects 
in the distal third of the lower limbs has always 
been a challenge for surgeons. It is a poorly vas-
cularized area with structures of various kinds, 
exposed to high-energy trauma or affected by 
local manifestations of general diseases which, 
if not treated adequately, leads to the formation 
of chronic ulcers and unstable scars (Figure 1). 
The heel is also a load-bearing region whereby 
an unstable scar exposes chronic skin ulceration 
with impaired walking and quality of life. There 
are many reconstructive options, including some 
less invasive ones such as the application of grafts 
on granulation tissue, which however leads to the 
presence of unstable scars that tend to ulcerate. 
Other more complex reconstructive options have 
been affirming themselves in recent years, such 
as free flaps which are burdened by longer oper-
ating times1-4. However, patients suffering from 
these chronic wounds often have various contra-
indications to complex microsurgical reconstruc-
tion. The reverse neuroadipofascial sural flap 
still stands today as an adequate compromise to 
ensure healing of chronic wounds1. In this study, 

European Review for Medical and Pharmacological Sciences 2023; 27 (3 Suppl): 11-17

A.L. COSTA1, V. VINDIGNI1, C. TIENGO1, T. BRAMBULLO1, F.A.G. PEROZZO1, 
M.R. GALEANO2, M.R. COLONNA2, F. BASSETTO1

1Department of Neurosciences, Clinic of Plastic Reconstructive and Aesthetic Surgery, Padua 
University Hospital, Padua, Italy
2Department of Human Pathology of the Adult, the Child, and the Adolescent, University of 
Messina, Messina, Italy

M.R. Galeano and M.R. Colonna contributed equally to this work. Each author has 
participated sufficiently in the work

Corresponding Author: Alfio Luca Costa, MD; e-mail: alfiolucacosta.alc@gmail.com

Regenerative potential of the sural 
neuroadipofascial flap in the treatment of
chronic ulcers of the lower third of the leg



A.L. Costa, V. Vindigni, C. Tiengo, T. Brambullo, F.A.G. Perozzo, et al

12

we resumed our case history of this flap, and we 
evaluated the stability of the scar to verify if this 
type of reconstruction is able to ensure long-term 
results.

Anatomy
The sural flap is an island flap based on the 

superficial sural artery and several septocuta-
neous perforating vessels, originating from the 
posterior peroneal and tibial artery5. Specifically, 
it is supported by a distal reverse flow of the su-
perficial sural artery dependent on perforators of 
the peroneal arterial system that have different 
communications with the superficial sural artery. 
Venous drainage takes place on the small saphe-
nous vein and on the venae comitantes5. The flap 
may possibly include the lateral sural nerve. The 
superficial sural artery arises from the popliteal 
artery in the center of the popliteal fossa, de-
scends with two venae comitantes, posteriorly 
between the two heads of the gastrocnemius 
muscle and then follows the lateral edge of the 
Achilles tendon. After a few centimeters from 
its origin, the artery joins the sural nerve and 
travels together giving multiple septocutaneous 
perforators. This vessel also plays an important 
role in blood supply to the skin in the middle and 
lower thirds of the leg6-7. Eventually, the artery 
anastomoses with the supramalleolar branch of 
the fibular artery and the posterior tibial artery. 

On the crural fascia, the fasciocutaneous per-
forating vessels and their venae comitantes, anas-
tomosing with each other, form a vascular plexus. 
The largest perforating vessel is located 5 cm 
above the lateral malleolus. This plexus, with ma-
ny connections to the superficial sural artery and 
the subcutaneous and subdermal vascular plexus, 
forms a rich system of longitudinally oriented 

suprafascial vessels extending from the proximal 
part of the leg to the lateral malleolus8-12. The 
small saphenous vein originates from the lateral 
extension of the dorsal venous arch of the foot, 
continues posteriorly to the lateral malleolus, and 
rises medially with the sural nerve. The lateral 
sural nerve originates from the sensory branches 
of the peroneal nerve, travels longitudinally, pass-
ing posteriorly to the lateral malleolus, and gives 
sensory branches to the lateral portion of the foot 
up to the fifth toe. This nerve is supplied by the 
superficial sural artery in the proximal third of 
the leg and by multiple fasciocutaneous branch-
es of the fibular artery in the distal two-thirds. 
These vessels travel for a variable distance on 
the crural fascia before reaching the sural nerve. 
For this reason, in order to ensure the survival of 
the distal part of the nerve, a longitudinal strip of 
fascia must be harvested. Along its path, the sural 
nerve is also supplied with an intrinsic plexus of 
longitudinally oriented epineural, perineural and 
endoneural vessels with many communications 
with the superficial sural artery proximally and 
the fasciocutaneous perforators of the fibular ar-
tery distally1,13.

Surgical Technique
Before surgery, the size of the defect is mea-

sured. The pedicle is drawn along the course of 
the sural nerve, approximately delimited by a line 
drawn from the midpoint between two heads of the 
gastrocnemius muscle, to the midpoint between 
the Achilles tendon and the lateral malleolus (Fig-
ure 2). Then the larger fibular perforator, which is 
used as the pivot point, is marked approximately 
5 cm above the tip of the lateral malleolus. With 
the patient in the prone position and the pneumatic 
tourniquet inflated, the flap is dissected from the 
proximal margin. The superficial sural artery, the 
lesser saphenous vein and the sural nerve are dis-
sected proximally and elevated with the flap in a 
subfascial plane. Dissection continues all around 
the flap. Below the distal margin, approximately 
mid-calf, the suprafascial pedicle is identified. 
The lesser saphenous vein can be used to consti-
tute a supercharged flap as described by Tan et 
al14,15. The musculocutaneous perforating vessels 
of the gastrocnemius muscle are coagulated. A 
longitudinal fascia strip is raised distally to protect 
the neurovascular pedicle. The fatty tissue sur-
rounding the pedicle must be carefully maintained 
during dissection to promote venous drainage and 
avoid venous congestion, especially in the lower 
third of the pedicle (Figure 3). The anatomical 

Figure 1. Chronic wound after trauma.
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landmarks of the dissection are the fibula laterally 
and the Achilles tendon medially. By reaching the 
point of articulation, where the largest perforators 
of the fibular artery are located, the dissection is 
stopped. The flap is rotated up to 180° with respect 
to the defect through a subcutaneous tunnel or 
by dividing the skin, especially if there is risk of 
compression of the pedicle. The tourniquet is de-
flated, and the viability of the flap is checked. The 
donor site and any uncovered site can be repaired 

with a partial thickness skin graft. The donor site 
is then covered with a partial thickness skin graft. 
In order not to compress the pedicle, a full-leg pos-
terior brace with well-padded dressing is applied, 
leaving a window for clinical observation of the 
flap. Full flap loading is granted in the sixth week 
after surgery.

Patients and Methods

This was a retrospective cohort study. The 
medical records of 32 patients undergoing recon-
structive surgery of the lower limb, between 2000 
and 2011, with sural bundle-skin flap were re-
viewed and analyzed. Informed consent to partic-
ipate in the study was obtained from all patients. 
Assessment tools were pre-established and used 
during the patient’s recovery time and follow-up 
visits. The study included patients with chronic 
soft tissue and bone defects in the lower limb who 
required reconstructive surgery, obtained using a 
fasciocutaneous sural flap. The basic principles 
of the surgical approach were to undertake re-
construction in order to ensure definitive healing, 
avoid limb amputations and obtain immediate 
adequate tissue coverage. For each patient, we re-
corded age, sex, etiology, defect location, wound 
size, comorbidity, flap survival, sensitivity recov-
ery (touch and temperature), complications, and 
scar stability at 10-year follow-up (Figure 4).

Statistical Analysis
A descriptive statistical analysis was per-

formed by processing the quantitative data with 
the mean and the qualitative data with the per-

Figure 2. Design of the flap.

Figure 3. The pedicle. Figure 4. Stable scar in long-term follow-up.
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centage. Data was recorded with Microsoft Ex-
cel for Mac OS, Ver. 16.45 (©2021 Microsoft), 
and statistical analysis was provided by SPSS® 
Statistics for Mac OS, Ver.25 (IBM Corp., Ar-
monk, NY, USA). The Kolmogorov-Smirnov test 
evaluated the non-normal distribution of the vari-
ables. The power calculation was also performed. 
Preoperative and intraoperative variables were 
considered to identify predictive factors. Univar-
iate analysis with hypothesis tests was performed 
to identify relationships between variables and 
outcomes (two-tailed Fisher’s exact test for two 
independent samples or two-tailed Chi-Square 
test for n>2 samples, for categorical variables; 
two-tailed Mann-Whitney U test for two indepen-
dent samples or Kruskal-Wallis two-tailed test for 
n>2 independent samples, for linear continuous 
variables). p-values <0.05 were considered statis-
tically significant.

Results

A total of 32 (8 were female and 24 were male) 
patients included in the study. The mean age 
was 62.2 years (range 31-79). Supplementary 
Table I summarizes the details. A chronic vas-
cular skin ulcer was the defect in 13 patients 
(40.6%), a chronic wound after trauma in 7 pa-
tients (21.9%), heel pressure sores in 4 patients 
(12.5%), osteomyelitis in 5 patients (15.6%), 
exposure of synthetic means in 2 patients (6.3%), 
dog bite in 1 patient (3.1%). The site defect includ-
ed 11 heels (34.4%), 4 external malleoli (12.5%), 
three medial malleoli (9.4%), 12 thirds of the low-
er leg (37.5%), and 2 dorsa of the foot (6.3%). In 
all cases, the defects were covered with a reverse 
sural island flap. The flap size ranged from 5 to 9 
cm in length and 3 to 7 cm in width. The average 
length was 7 cm and the width measured 4.8 cm. 
Several patients had comorbidities; in particular, 
24 patients had cardiovascular and/or endocrino-
logical diseases (75%), which reduce the chances 
of survival for all autologous reconstructive sur-
gery procedures. Six patients (18.7%) had early 
or late postoperative complications, and notably, 
three patients (9.4%) had delayed surgical site 
healing, one had partial flap loss (3.1%), and two 
had complete flap loss (3.2). Both flaps, which 
did not survive, were performed on patients with 
diabetes and other cardiovascular diseases. At 
the 10-year follow-up, the scars were stable over 
time. Statistical analysis revealed a statistically 
significant correlation between the presence of 

comorbidities and flap survival with a p-value 
<0.001. The presence of comorbidities was also 
correlated in a statistically significant way with 
the onset of complications and partial flap loss 
with a p-value of 0.006. The correlation between 
comorbidities and sensation recovery instead was 
correlated in a non-statistically significant way 
with comorbidities with a p-value of 0.112. No 
other variable was significantly related to the onset 
of complications, flap loss, or sensation recovery.

Discussion

The development of chronic wounds in the 
lower limbs is high in the population with vari-
ous comorbidities including diabetes16. The con-
trol of chronic pathologies such as diabetes, the 
possibility of implementing prostanoid therapies 
in vasculopathic patients has led to a reduction 
in the indications for amputation of the lower 
limbs. Different reconstructive modalities are 
possible in these patients and in recent years, re-
constructions with free flaps and propeller flaps 
are becoming increasingly popular. In the case 
of complex wounds, the current reconstructive 
algorithm has surpassed the reconstructive lad-
der and reconstructive elevator model. In recent 
times, the “toolbox” philosophy has become 
the standard approach. In the case of complex 
patients, therefore, it is possible to choose of 
the safest flap that has fewer complications. All 
available reconstructive options have different 
types of risks and disadvantages and must be 
known by the experienced surgeon to avoid 
complications, wasting time and unnecessary 
surgical procedures16. Skin grafts are very easy 
and quick to perform, but they cannot be used 
on exposed tendons and bones. Cross leg flaps 
are scarcely tolerated and are not indicated in a 
poorly vascularized area17. Free flaps are a new 
and widely used option, but they are costly in 
terms of resources, require high microsurgical 
skills and dedicated special instruments7,9,18-20. 

Free flaps are recommended for extensive skin 
defects or in cases where poor vascularization 
or trauma precludes other possibilities8,11,12,21-23. 

Local flaps may be the only option for limb sal-
vage if the patient is not a candidate for a chal-
lenging reconstruction such as a microsurgical 
flap. There is a great variety of pedicled flaps, 
but they require good anatomical knowledge to 
make the best choice. The sural flap is one of 
the most used flaps. The lateral supramalleolar 

https://www.europeanreview.org/wp/wp-content/uploads/SUPPLEMENTARY-Table-I.pdf
https://www.europeanreview.org/wp/wp-content/uploads/SUPPLEMENTARY-Table-I.pdf
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skin flap is another option that offers similar 
coverage. It has no particular advantages, but 
compared to the sural flap, it has four times 
the complication rate, is much more difficult to 
perform, and cannot be used to cover loading 
areas24. The sural flap, on the other hand, has 
proven its reliability, even in complicated cases. 
The choice of the neuroadipofascial sural flap 
allowed us not to sacrifice or damage the main 
axes for the foot, which in our patients were 
partially compromised due to underlying co-
morbidities, trauma, or repeated interventions. 
This latter advantage was particularly important 
in the choice of the flap in patients whose lower 
limbs had suboptimal vascularity directed to the 
foot. The posterior tibial perforating flap and the 
medial distal septocutaneous flap are other very 
reliable options, but a larger learning curve is 
required21,25. Georgescu et al3 published a series 
of 25 cases in diabetic patients where the lower 
limb defect was reconstructed via propeller flaps 
based on tibial artery perforators3. However, the 
use of propeller flaps, despite its advantages on 
the sampling site, is certainly technically more 
complex and its indications seem to be limited 
to more proximal and less extensive losses of 
substance compared to the neuroadipofascial 
sural flap which seems to be endowed with great 
versatility of use and reliability3. The sural flap, 
compared to others, is easier to design and per-
form and can reach a large area from the distal 
tibia to the posterior foot. It does not require 
microvascular procedures or tools and preserves 
the greater vascularity of the lower limbs. It is 
currently used in patients with various comor-
bidities, such as diabetes and cardiovascular 
disease, although the number of complications 
is obviously higher. In our study the average age 
was 62.2 years, slightly higher than that usually 
described in the literature, where it was between 
31.5 and 5418,19,25. In our series we faced chronic 
wounds, compared to what is usually reported 
in literature where acute trauma represents 64.7-
88% of the causes7,8,12,26.

The complete necrosis rate was 6.3%, slightly 
higher than that reported in the literature. How-
ever, interventions performed in young patients 
with small traumatic defects have a higher suc-
cess rate than in patients with chronic ulcers 
and comorbidities8,18,28. The complication rate has 
been associated with comorbidities as described 
in the literature12,18,27. 

Age has also been found to be a major risk 
factor for complications and delayed procedure 

is suggested in patients over the age of 6029. 
Smoking and diabetes have not been associated 
with an increased risk of complications30. In 
our experience, the inclusion of adipose tissue, 
especially suprafascial tissue in the lower third 
of the pedicle, keeps all mesenteric structures 
around the medial sural cutaneous nerve and 
its accompanying vessels intact and improves 
outcome. Bringing the skin and adipose tissue of 
the posterior region of the leg, similar in quality 
to the skin of the areas to be reconstructed, al-
lowed for stable results over time. This stresses 
consideration is supported by other authors31. 
Several studies32,33 have demonstrated the plas-
ticity of adipofascial flaps, which not only bring 
vascularized adipose tissue to the site to be re-
constructed but carry an important component 
of stem cells which gives the adipofascial flaps a 
significant regenerative power. Furthermore, in 
vivo studies32 have shown through biopsies that 
the neotissue has new nerve endings as evidence 
of the plasticity of the adipose tissue, which dif-
fers into a variety of different cell types. Based 
on the final results, the skin is soft with good 
recovery of sensitivity.

In our opinion, adipose tissue not only allows 
greater protection of the mechanical of the ped-
icle but also improves venous drainage through 
the vascular network present in the adipose 
tissue, thus helping to prevent typical venous 
vascular congestion of flaps with inverted flow. 
This type of drainage is so efficient that the 
entire flap can be maintained without large ve-
nous vessels. According to the literature20,24,34,35, 
complications increase with flap size, especially 
venous congestion, and skin necrosis of the 
posterior leg. This reason and the risk of pedicle 
compression mean that some surgeons do not 
tunnel the graft11. Finally, larger flaps require 
large free skin grafts to cover the donor area. 
There is minimal comorbidity at the donor site, 
with a relationship to the size of the flap, such 
as minimal depressive deformity in the early 
postoperative period.

Limitations
This is a retrospective study presenting a rel-

atively homogeneous patient population for the 
chronic wound type, but heterogeneous for the 
initial noxae. The study lacks a control case, 
which, however, is difficult to apply in clinical 
surgical practice in this type of patient in which 
the best reconstructive choice related to our ex-
perience has been proposed for specific local 
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and/or general conditions. In this specific case, 
the use of alternative reconstructive techniques 
such as microsurgical free flaps would have led 
to over-treatment or, in the case of grafts, to un-
dertreatment.

Conclusions

The neuroadipofascial sural flap is a versatile, 
fast, and easy to perform flap to cover a chronic 
defect in the distal part of the lower limb, in-
cluding both the malleoli and the heel, thanks 
to its long vascular pedicle. It has a low rate of 
complications of which the most frequent is ve-
nous congestion and compression of the pedicle 
for subcutaneous tunneling. In our opinion, it 
can be very useful to include adipose tissue, in 
particular the suprafascial tissue in the lower 
third of the pedicle, in order to keep intact all the 
mesenteric structures around the medial sural 
cutaneous nerve and its accompanying vessels 
and to prevent venous congestion, improving the 
reliability of the flap. The sural flap can be a valid 
alternative to microsurgical flaps for loss of sub-
stance in the lower third of the leg, malleolus and 
heel and allows to cover more distal and larger 
wounds than propeller flaps. The sural flap re-
mains a workhorse of reconstructive surgery and 
a valuable tool in the toolbox for a reconstructive 
surgeon.
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