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Abstract Objective The objective of the present study was to prospectively compare the sural
and propeller flaps for soft-tissues coverage of the lower extremity. The following
variables were evaluated: incidence of complete or partial flap loss and donor area
morbidity (primary closure versus skin graft).
Methods Prospective and randomized analysis of data collected from all patients
presenting with soft tissue defects of the lower third of the leg and heel treated with
reverse sural or propeller flaps.
Results Twenty-four patients aged between 4 and 60 years old were evaluated
between 2011 and 2017. Complete coverage was obtained in 22 of the 24 patients
(91.6%). Two flaps failed (8.4%). The sural flap, being the most popular option,
continues to represent a safe and versatile alternative for skin defects of the lower
third of the leg and heel region. Likewise, the propeller flap was a comparable option to
treat these challenging defects.
Conclusion Sural and propeller flaps are good options for soft tissues coverage of the
lower extremity, with low complication rates (partial or total flap loss).

Resumo Objetivo O objetivo do presente estudo foi comparar prospectivamente os retalhos
sural e propeller para cobertura de partes moles da extremidade inferior. Foram

� Study developed at the Hand and Microsurgery Group of the
Instituto de Ortopedia e Traumatologia do Hospital das Clínicas da
Faculdade de Medicina da Universidade de São Paulo, São Paulo,
SP, Brazil.
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Introduction

The treatment of skin lesions of the lower limbs is a subject of
interest not only due to the high frequency with which they
present themselves, but mainly because of the difficulty that
they impose on orthopedists and plastic surgeons.1–3

Wounds located between the distal third of the leg and the
hindfoot are especially complex2,4 due to the small number
of local flaps that can be used to cover this region.5 In
addition, they are often the result of high-energy traumas
(notedly motorcycle accidents) that cause extensive injuries
of a serious nature.6,7 Classically, the reverse sural flap is a
treatment option, and recently, with the development of
flaps based on the concept of skin perforating, the helix or
propeller flap has become an additional tool in the thera-
peutic arsenal to cover defects around the ankle.8–12

To date, there are no prospective studies comparing the
sural flap with the propeller flap regarding the survival rate
of the flaps, the quality of coverage and/or the morbidity of
the donor area, a fact that motivated the performance of the
present study.

The aim of the present studywas to compare the sural and
propeller flaps, objectively evaluating, prospectively:

– The incidence of total flap loss
– The incidence of partial flap loss
– Themorbidity of the donor area: primary closure versus
skin graft.

Casuistry and Methods

The present research project was registered under the
number 1,551,439 on the Brazil platform. The authors pro-
spectively and randomized analyzed data collected from
patients with soft tissue defects in the leg or foot who
were treated by the Hand and Reconstructive Microsurgery
Group of the Institute of Orthopedics and Traumatology of
the Hospital das Clínicas of the Faculty of Medicine of the
Universidade de São Paulo (IOT HC/FMUSP, in the Portuguese
acronym) between 2011 and 2017. The inclusion criterion

was the fasciocutaneous flap (sural or propeller) to cover the
distal half of the leg and/or the hindfoot, regardless of age.
Patients with skin loss in other regions were excluded, as
well as those in whom there would be no option of skin
coverage with one of the two types of flaps studied.

The secondary defect, originated by mobilization of the
sural or propeller flap, was closed primarily or through skin
grafting (►Figure 1).

A total of 24 patients, 22 men and 2 women, with a mean
age of 37.7 years old (4–60 years old) were included in the
present study. The characteristics of the patients and the
etiology of the lesions are summarized in ►Table 1.

All procedures were performed in a single public institu-
tion, comprising patients from the outpatient clinic or

Fig. 1 (A and B) Defect on the lateral malleolus. (B) Sural flap
marking. (C and D) Dissected flap, postoperative result. Primary
closure of the donor area, with a small partial skin graft on the pedicle
of the flap. (E and G) Postoperative period (2 weeks).

avaliadas as seguintes variáveis: incidência de perda total ou parcial do retalho e
morbidade da área doadora (fechamento primário versus enxerto de pele).
Métodos Análise prospectiva e randomizada de dados coletados de todos os
pacientes apresentando defeitos em tecidos moles da extremidade distal da perna e
do retropé submetidos aos retalhos em questão.
Resultados Foram avaliados 24 pacientes com idades entre 4 e 60 anos, entre 2011 e
2017. Cobertura completa foi obtida em 22 dos 24 pacientes (91,6%) e observamos
falha em 2 retalhos (8,4%). O retalho sural, sendo a opção mais popular, continua a
representar uma alternativa segura e versátil para defeitos cutâneos do terço distal da
perna e da região do calcanhar. O retalho propeller, da mesma maneira, mostrou-se
uma opção comparável para o tratamento destas lesões desafiadoras.
Conclusão Os retalhos sural e propeller são boas opções para a cobertura de partes
moles da extremidade inferior, demostrando baixas taxas de complicações como perda
parcial ou total do retalho.

Palavras-chave

► retalho perfurante
► retalhos cirúrgicos
► sitio doador de

transplante
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emergency room. In all cases, data collection was performed
through the protocol completed by the study authors
(►Appendix 1, available online).

The patients were divided into two groups according to
theflap selected for skin coverage: Sural Group and Propeller
Group (►Table 2). The allocation of the patients to each
group was randomized when skin coverage of the affected
limb was indicated. Thus, 13 patients were included in the
Sural Group and 11 patients were included in the Propeller
Group, 3 of them based on perforating fibular artery (n¼3)
and 8 based on posterior tibial artery perforations (n¼8).

The sural flap was delineated in the posterior-proximal
region of the leg with its pivot point marked 5 cm proximally
to the end of the lateral malleolus (►Figure 1). The blood
circulation of the flap was supplied by venocutaneous and
neurocutaneous branches from the vessels that accompany
the sural nerve and the parva saphenous vein, whose arterial
irrigation, in turn, connects to the fibular artery system. Its
dissection was performed according to the classical descrip-
tion by Masquelet et al.13 (►Figure 2).

The propeller flap was of two types, depending on the
location of the skin defect:

• Elevated in the medial aspect of the leg, based on perfo-
rating of the posterior tibial artery;

• Elevated in the lateral aspect of the leg, based on perfo-
rating of the fibular artery.

The use of Doppler ultrasound to locate the perforating
perforantswas optional and performed in 45% of the patients
(n¼5) of the Propeller Group (►Figure 3).

In both groups, the following variables were recorded:
age, etiology, size and location of the defect, flap survival
rate, postoperative complications, and secondary revision
surgeries. Statistical analysis was performed using IBM SPSS
Statistics for Windows version 25 (IBM Corp., Armonk, NY,
USA). The vascular status of the lower limb involved was
clinically evaluated by the perfusion status, capillary filling
time, and palpation of the pulses.

Table 2 Comparison between patients in the Sural and
Propeller groups

Sural Group Propeller
Group

Patients (n. of cases)

Men 12 10

Women 1 1

Age (years)

Statistical average� SD 38.30� 5.63 35.25� 3.89

Maximum 60 59

Minimum 04 17

Primary disease (n. of cases)

Post-traumatic injury 11 9

Surgical complication:
dehiscence

0 1

Chronic ulcer 1 1

Chronic infection 1 0

Location for reconstruction (n. of cases)

Malleolar 8 7

Ankle 2 4

Heel and back of foot 3 1

Abbreviation: SD, standard deviation.

Fig. 2 (A) Male, 31 years old, with soft tissue defect on the medial
malleolus (8� 5 cm). Medial propeller flap marking [PM]. (B) Dis-
sected flap (posterior tibial artery perforations). (C) Choice of a
perforating artery as the main axis of the flap. (D) Dissected flap.

Fig. 3 (A-E) Rotation sequence of the propeller medial flap [PM],
approximately 180° counterclockwise, to cover the defect. (F) Final
aspect, with primary closure of the donor area.
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Statistical Analysis

All data were presented as a mean and standard deviation
(SD), trying to summarize the characteristics of patients
and the two groups of flaps. The dimensions of the flaps
were compared between the two groups using the Student
t-test. The closure of the donor area and the complications
were analyzed with the chi-squared test. GraphPad Prism
(GraphPad Software, San Diego, CA, USA) was used for
statistical analysis, and a p-value<0.05 was considered
statistically significant (►Table 3).

Results

In the Sural Group, the mean flap size was 14�6 cm, the
partial loss rate was 15% (2/13), and the total loss rate was
15% (2/13). Additional surgerywas required for debridement
in four patients and additional skin coverage with skin graft
in one patient or with a new flap in three patients. The donor
area was closed primarily in 10 patients, and skin grafting
was required in 3 patients.

In the Propeller Group, the mean flap size was 18�6 cm,
the partial loss rate was 27% (3/11), and the total loss
rate was 0%. Additional surgery was required for debride-
ment in four patients and additional skin coverage with skin
graft in two patients or with a new flap in one patient
(partial loss of heis). The donor area was closed primarily in
six patients, and skin grafting was required in five patients
(►Figure 4).

Considering the total group of patients (sural and heis
groups), no significant differences were found between the
incidences of partial and total flap loss, and complete skin
coverage was obtained in 22 of the 24 patients (91.6%). Two

flaps (Sural Group) showed failure evolving to total loss (15%;
2/13 Sural Group).

In 22 patients whose flaps evolved favorably, 16 did not
present any type of complication (66%). Three developed
infection (12.5%), 2 with distal border necrosis with partial
flap loss (8.3%), and 1 patient (4.1%; Propeller Group) pre-
sented with impairment of the flap perfusion after its

Table 3 Comparison between the flaps of the Sural and Propeller groups

Sural Group Propeller Group

Flap Dimensions (Mean� SD; range) t-test

Compliance (cm) 11.35� 2.8; 19.0–9.0 16.91�3.2;20.0 - 12.0 p¼0.0002

Width (cm) 6.2�1.2; 8.0–4.0 5.8� 1.2;8.0 - 4.0 p¼0.38

Area (cm2) 71.98� 26.3; 120–44 98.64�29.8; 154 - 56 p¼0.02

Closure of the donor area (n. of cases [%]) Chi-squared test

Primary 10 (41.67%) 6 (25.0%) p¼0.17

Graft 3 (12.50%) 5 (20.8%) p¼0.34

Postsurgical complications (n. of cases [%])

Infection 1 (4.10%) 2 (8.30%) p¼0.57

Partial necrosis 2 (8.30%) 3 (12.50%) p¼0.62

Total necrosis 2 (8.30%) 0 (0%) p¼0.24

Additional surgery (n. of cases)

Graft 1 2

New flap 3 1

Repositioning 0 1

Abbreviation: SD, standard deviation.

Fig. 4 (A) Soft tissue defect on the lateral malleolus (7� 4 cm).
(B) Propeller lateral flap marking [PL]. (C) Flap based on perforating
fibular artery. (D) Ligation of secondary perforating artery. (E) Rota-
tion of the propeller lateral flap [PL] of approximately 180° clockwise.
(F) Final aspect of the primary closure of the donor area.
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mobilization to the receiving area, and it was necessary to
reposition it to the original bed for autonomization and final
mobilization after 1 week, finally succeeding in covering the
lesion (►Table 4).

Three patients (2 Propeller, 1 Sural) also required repo-
sitioning and skin graft coverings in residual bloody areas, in
association with flaps.

The comparative analysis of the sural and propeller flaps
showed no difference in themorbidity of the donor area. The
primary closure of the donor area was performed in 67% of
patients (16/24) (p¼0.17), and partial skin grafting was
required in 33% (8/24) (p¼0.34) (►Table 5). Primary closure
was possible in 76% of the patients in the sural group, while
in the propeller group the closure was possible in 55% of the
patients.

Discussion

The goalof reconstructive surgeryof thelower limb is toobtain
functionally and aesthetically adequate limbs. The complexity
of reconstruction depends, amongother factors, on the energy
and mechanism of trauma, on limb irrigation, and on the
comorbidities of each patient. 14,15 The options are: single
regional flaps (perforating or neurocutaneous, for example),
multiple combined flaps, and microsurgical flaps.16

Regional flaps have as benefits the lower complexity in
their elevation (dispensing the microsurgical technique), use
of tissues of the injured limb itself, shorter surgical time, and
preservation of the vascular axes of the lower limbs. Regional
fasciocutaneous flaps provide a safe and versatile shape for
covers in the distal segment of the leg and in the hindfoot.15,16

The reverse sural flap, first identified by Taylor et al.17 in
1975, is the regional flap of axial pattern most used for the
distal region of the leg and the hindfoot.18 It was popularized
by Masquelet et al.13 in 1992, who confirmed the retrograde
arterial supply, its relationship with the sural nerve, and its
venous drainage.

The introduction of helix or propeller flaps expanded the
options for skin coverage of the lower limbs. First described
by Hyakusoku et al.,19 the propeller flap can be designed
anywhere where there is a perforating present. In addition,
themorbidity of the donor sitemay beminimal, and primary
closure is generally possible.19 The surgical technique has
been gradually improved in recent years; therefore, current-
ly, propeller flaps are considered safe and effective.3

The posterior region of the leg is supplied by the sural
angiosome, based on the musculocutaneous sural arteries:
middle, median, and lateral superficial sural arteries, sup-
plying the skin and fascia of this region. The median
superficial artery is the largest, proximally studying from
the popliteal fossa and following between the two heads of
the gastrocnemius muscles (raphe). Proximally, its path is
subfascial (deeper) and, distally, it becomes subdermal at
the level of the musculotendinous union of the lateral
gastrocnemius muscle. At the ankle, this arteriola is accom-
panied by the sural nerve and is medial to the small
saphenous vein at the level of the lateral malleolus. It
maintains numerous anastomoses with the fibular artery
along its course, vessels that will be connected and divided
during dissection for mobilization of the reverse sural flap.
Distally, at between 5 and 6 cm proximal from the tip of the
lateral malleolus, is located the potentially more distal pivot
point of the pedicle, which allows a greater range of rotation
of the flap.20

Currently, there are few studies comparing the sural flap
versus the propeller. Demiri et al.15 published a retrospective
comparative study on the reverse neurocutaneous versus
helix perforating flaps (Propeller) for reconstruction of the
diabetic foot, obtaining high success rates (between 95 and
97%) with both flaps. The results of the present study also
show high success rates regarding skin coverage, with low
rates of complications (partial or total loss). The sural flap,
being more used, continues to represent a safe and versatile
alternative for cutaneous defects of the distal third of the leg
and of the calcaneus tendon. Also, the propeller flaps based
on perforating fibular or posterior tibial artery were viable
options for skin coverage of this region. When a primary
closure in the donor areawas not possible, a partial skin graft
was used in the present series with adequate functional and
aesthetic results.

Even with the small number of patients studied, we
believe that the prospective and randomized analysis of
the techniques contributes to the decision-making of recon-
structive surgeons.

Table 4 Complications according to the type of flap

Complications Total

No. Infection Partial loss Repositioning Total loss

Flap Sural 9 1 1 0 2 13

Propeller 7 2 1 1 0 11

Total 16 3 2 1 2 24

Table 5 Closing of the donor area according to the type of flap

Closing of the
donor area

Total

Primary Graft

Flap Sural 10 3 13

Propeller 6 5 11

Total 16 8 24
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Conclusion

The sural and propeller flaps were viable options for the
treatment of soft tissue lesions of the lower third of the leg
and the hindfoot. The prospective and randomized compari-
son between the techniques showed low rates of partial or
total loss of flaps, as well as of complications.
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