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Complex reconstruction of the upper and 
lower limbs by using reverse-flow flaps: a 
series of 32 cases
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Reconstruções complexas de membros superiores e inferiores com 
retalhos de fluxo reverso: uma série de 32 casos

Introduction: Reconstruction of the soft tissues after loss of substance 
in the distal third of the upper and lower limbs, in particular when 
associated with the exposure of noble  structures (bone, tendon, 
nerves, or blood vessels), remains a challenge in plastic surgery. 
Fasciocutaneous reverse flow flaps are an efficient surgical option 
for covering small and medium lesions in this location. Method: A 
retrospective clinical study was performed on a series of 32 cases 
of complex trauma of the upper and lower limbs treated between 
January 2013 and December 2014. Results: A total of 24 reverse-flow 
flaps were performed in the lower limbs and eight in the upper limbs, 
resulting in efficient coverage of the defects. Conclusion: Reverse-
flow flaps are reliable and present rotation arcs that allow coverage 
of a variety of lesions in the distal third of the upper and lower limbs. 

■ ABSTRACT

Keywords: Surgical flaps; Reconstructive surgical procedures; Hand 
trauma; Lesion of the soft tissues; Leg trauma/surgery.

■ RESUMO 

Introdução: A reconstrução de partes moles após perdas de substância 
do terço distal dos membros superiores e inferiores, principalmente 
quando associada à exposição de estruturas nobres (osso, tendão, 
nervos ou vasos sanguíneos), continua a desafiar a cirurgia plástica. 
Os retalhos fasciocutâneos de fluxo reverso são uma eficiente opção 
cirúrgica na cobertura de lesões pequenas e médias nesta localização. 
Método: Foi realizado um estudo clínico retrospectivo, no período 
de janeiro de 2013 a dezembro de 2014, de uma série de 32 casos de 
traumas complexos em membros superiores e inferiores. Resultados: 
Foram realizados 24 retalhos de fluxo reverso nos membros inferiores 
e 8 nos membros superiores, observando-se uma cobertura eficaz 
dos defeitos. Conclusão: Os retalhos de fluxo reverso são confiáveis 
e apresentam arcos de rotação que permitem a cobertura de 
lesões diversas no terço distal de membros superiores e inferiores. 
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RESULTS

In this case study, 81.2% of patients were men 
aged 18 to 52 years (mean age of 26 years). Most trauma 
cases (87.5%) were caused by motorcycle accidents.

Twenty-four reverse-flow flaps were performed 
in the lower limbs, including 14 sural flaps, 8 lateral 
supramalleolar flaps, and two reverse soleus flaps. 
Eight reconstructions were performed in the upper 
limbs, including 5 antebrachial reverse flaps and 3 
posterior reverse-flow interosseous artery flaps.

We observed efficient coverage of the defects in 
upper and lower limbs. Additionally, we observed one 
case each of total necrosis of a sural flap due to venous 
thrombosis, total necrosis of a lateral supramalleolar 
flap, partial necrosis of a reverse sural flap, and partial 
necrosis of a lateral supramalleolar flap. The surgical 
time ranged between 60 and 120 minutes with low 
morbidity in the donor area.

DISCUSSION

Loss of substance in the lower third of the leg 
due to trauma caused by crushing, with the exposure 
of noble structures, is difficult to treat.

The reverse-flow sural fasciocutaneous flap 
is important for use in the reconstruction of loss of 
substance in the distal third of leg, calcaneus, and 
proximal plantar region. It comprises of a versatile 
flap with a wide rotation arc, and ranges from 90º-180º. 
Moreover, it has an axial pattern based on the reverse 
flow of the fibular branch of the superficial sural artery 
and primary venous drainage via the sural tributaries 
of the small saphenous vein. The reverse-flow sural 
flap is a good option for covering important structures, 
such as bones or tendons in the distal region of leg, 
and is one of the few alternatives available for local 
flaps in this region. This flap is utilized as a viable 
option even with a microsurgical technique since it 
involves a simple and quick surgical procedure when 
compared to microsurgery3,7,8,10-12. In the present case 
series, one sural flap showed total necrosis due to 
venous thrombosis (7.14% of reverse sural flaps) and 
one flap showed partial necrosis (7.14% of sural flaps). 
The literature report a rate of 3.3-19% for total necrosis 
of flaps, with 11-17% for partial necrosis12 (Figure 1).

The lateral supramalleolar flap is used to cover skin 
loss on the dorsal region of the foot and the distal third of 
the leg. It is based on an arterial arc anastomosis around 
the ankle with the perforating branches of the fibular 
artery, which emerge from the interosseous membrane 
at approximately 5 cm of the lateral malleolus. These 
anastomoses branch out into the skin at this level and 
anastomose with the plexus that follows the superficial 
fibular nerve, in turn involving the septocutaneous 

INTRODUCTION

The reconstruction of soft tissues after loss of 
substance in the distal third of the upper and lower 
limbs, with exposure of noble structures (bone, tendon, 
nerves, or blood vessels), remains a challenge in plastic 
surgery. Few options are available for treating these 
regions with flaps; in most cases, microsurgical flaps 
are used1-3.

Since the work of Pontén in 1981, fasciocutaneous 
flaps have become an alternative to microsurgical flaps, 
since the latter require the use of a specialized team 
and a long surgery time. The distal position of some 
lesions in the upper and lower limbs hinders or makes 
the application of direct-flow flaps impossible. Reverse 
arterial flow is maintained via arterial anastomosis 
at the fist and ankle level. However, another type of 
flow to consider is the venous flow, which is obtained 
through the pressure gradient of valvular insufficiency 
itself, by the communicating capillaries and collateral 
veins and by valve denervation during the release of a 
vascular pedicle4-9.

Fasciocutaneous reverse-flow flaps are useful for 
covering small and medium-sized lesions in the distal 
third of the limbs, with mild functional and aesthetic 
sequelae and less surgical time. These are an efficient 
surgical option because of the ease of execution, safety, 
and versatility4.

OBJECTIVE

The objective of the study was to demonstrate 
the technical viability and results of a series of complex 
reconstructions of the soft tissues in the distal third of 
the upper and lower limbs by using reverse-flow flaps.

METHOD

A retrospective clinical study was performed 
on a consecutive case series of complex trauma in the 
upper and lower limbs treated between January 2013 
and December 2014. Thirty-two reverse-flow flaps were 
performed for limb reconstruction.

The inclusion criteria were patients presenting 
with skin loss after trauma leading to the exposure 
of noble structures (bone, tendon, nerves, or vessels) 
in the distal upper and lower limbs. The following 
parameters were studied: sex, age, etiology, location 
of the lesion, repair procedure, and complications. The 
choice of flaps was based on the study of defect, location, 
and quantity and quality of the required tissues. This 
study was approved by the Ethics Committee of the 
Walter Cantídio University Hospital, under protocol 
nº 043.04.15°.
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Figure 1. A patient with skin loss in the calcaneus who underwent recons-
truction with a sural reverse-flow flap. The patient with partial necrosis of the 
sural flap. The patient with total necrosis of the flap.

territory of the anterior tibial artery. The advantage of this 
type of flap is the preservation of arteries and muscles, 
in addition to the simulation of thickness, texture, 
pigmentation, and flexibility of skin in the recipient 
area4. In this study, we performed eight (25% of flaps) 
lateral supramalleolar flaps with one total loss (12.5% of 
supramalleolar flaps) and one partial loss; the cause of 
loss of the flap was not determined (Figure 2).

Figure 2. Two patients with skin loss in the lateral plantar surface and dorsal 
foot who underwent reconstruction using the reverse-flow supramalleolar flap.

The soleus muscle is located in the posterior 
region of the leg, deep to the gastrocnemius muscle, 
and classified as Type II according to the Mathes and 
Nahai classification. The reverse soleus muscle flap 
has irrigation based in the secondary pedicles with 
perforating branches of the posterior tibial artery, and 
it has been used for the reconstruction of defects in the 
lower third of leg5. In the present case study, we performed 
two reverse-flow soleus flaps with good coverage of the 
defect, and skin grafting was subsequently performed 
over the muscle without complications (Figure 3).

Skin covering for complex distal lesions of the upper 
limbs is a challenge in reconstructive plastic surgery. 
The antebrachial reverse flap is based on the perforating 
branches of radial artery. This flap was shown to be very 
useful for tegumentary covering of the upper limb, in 
particular of the hands; the retrograde flow flap is most 
widely used for the repair of distal lesions6,13. It has the 
disadvantage of sacrificing one of the hand arteries, in 
addition to a poor aesthetic result at the donor area13. In the 

Figure 3. Reconstruction of skin loss with exposure of the tibia using the 
reverse soleus muscle flap.

present case series, we performed five (15.6% of the studied 
cases) antebrachial reverse-flow flaps used for covering the 
skin losses in the dorsal hand with the exposed bone and 
tendon; No complications were associated with the use of 
this flap, and the donor area was grafted (Figure 4).

Figure 4. Two patients with skin loss in the dorsal hand who underwent 
reconstruction using the antebrachial reverse-flow flaps.

The fasciocutaneous island flap is based on the 
posterior interosseous artery. This artery is usually 
a branch of the common interosseous artery, the 
reverse flow being based on anastomosis with the 
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anterior interosseous artery and venous drainage via 
the concomitant and superficial veins contained in the 
pedicle. This flap is a safe and efficient choice, and is 
recommended for lesions of the distal third of forearm, 
dorsum of the wrist and hand, and the first commissure of 
the thenar region, and it provides a stable cover without 
sacrificing the main arteries of hand irrigation. The donor 
area demonstrates minimal morbidity, and is closed with 
a primary suture or a skin graft7,9,14. In the present study, 
we had three cases (9.3% of total) of posterior interosseous 
reverse-flow flap for lesions in the distal region of the 
forearm and hand, and found no complications (Figure 5).
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CONCLUSION

Reverse-flow flaps are reliable and safe, and 
present rotation arcs that allow coverage of various 
lesions in the distal third of the upper and lower 
limbs. Therefore, their application is an alternative 
to microsurgical flaps, even for complex lesions, since 
they can be performed at centers without technical and 
laboratory resources required for the microsurgery.
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Figure 5. Two patients with skin loss in the proximal third of forearm and 
dorsal hand who underwent reconstruction using the posterior interosseous 
reverse-flow flap.


