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Introduction

Reconstruction of large foot and ankle defects is a difficult
task due to less availability of local soft tissues.1,2 Regional
flaps like reverse sural artery (RSA) flap,3,4 lateral supra-
malleolar artery flap,5 perforator-based fasciocutaneous
flap, perforator propeller flap,6,7 and perforator plus flaps8

are frequently used, while cross leg9 and free flaps10,11 are
also recommended to reconstruct foot defects. Certain lim-
itations of these flaps are as follows: RSA flap does not reach
the distal third of the foot and the source vessel may be in the

zone of injury. Lateral supramalleolar flap and perforator-
based fasciocutaneous flaps cannot usually cover large and
distal defects of the foot and are associated with complica-
tions like venous congestion. Limitation for cross leg flaps is
thatmaintenance of odd position of legs together for 3weeks
and free flap needs expertise and infrastructure and are
expensive. Reverse peroneal artery (RPA) flap12,13 was se-
lected to overcome the limitations associated with locore-
gional flaps; distant and free flaps in the reconstruction of
large defects of the ankle and foot and their usefulness and
complications were studied.
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Abstract Background Reconstruction of large foot and ankle defects is a difficult task due to
less available local soft tissue and more critical from functional point of view. To
overcome the limitations associated with locoregional flaps and free flaps, reverse
peroneal artery (RPA) flap was selected and its usefulness in reconstruction of distal
large defects of the ankle and foot and its complications were studied.
Materials and Methods This is a prospective observational study done in 20 patients
treated as cohort within 2 years and 8months from January 2018 to August 2020. Large
defects of foot and ankle were reconstructed with RPA flap and evaluated for its
usefulness. Three cases were evaluated with computed tomography angiography
postoperatively, to assess the vascular pattern.
Conclusion RPA flap is a versatile and very reliable flap for the reconstruction of large
and distal defects of foot and ankle. It is safely done in children and in acute trauma
without any major complications.

DOI https://doi.org/
10.1055/s-0042-1760091.
ISSN 0970-0358.

© 2023. Association of Plastic Surgeons of India. All rights reserved.
This is an open access article published by Thieme under the terms of the

Creative Commons Attribution-NonDerivative-NonCommercial-License,

permitting copying and reproduction so long as the original work is given

appropriate credit. Contents may not be used for commercial purposes, or

adapted, remixed, transformed or built upon. (https://creativecommons.org/

licenses/by-nc-nd/4.0/)

Thieme Medical and Scientific Publishers Pvt. Ltd., A-12, 2nd Floor,
Sector 2, Noida-201301 UP, India

THIEME

Original Article 383

Article published online: 2023-01-20

mailto:lakshmipaluku@gmail.com
https://doi.org/10.1055/s-0042-1760091
https://doi.org/10.1055/s-0042-1760091


Materials and Methods

This is a prospective cohort study done between Janu-
ary 2018 and August 2020. The study included a total of 20
patients between 5 and 50 years of age, with large defects
involving ankle and foot, requiring flap cover. These defects
were reconstructed with RPA flaps. Due permission was
obtained from the institutional ethical committee and in-
formed consent was obtained from the patients.

Operative Procedure
The RPA flap was planned in patients in whom pulse was
palpable in at least one of all the three major vessels at the
level of the ankle, and color Doppler was performed to make
sure the blood flow in three major vessels is adequate.
Peroneal artery perforators were localized with a hand-
held Doppler probe of 8MHz. The perforators of the middle
third leg with good signal were marked along a line joining
the lateral malleolus and head of the Fibula. The flap axis is
along the sural nerve, which is a line joining the midpoint of
lateral malleolus and tendoachilles and mid-popliteal point.
The flap was marked along the axis, keeping the superior
border two fingers breadth from the popliteal crease, lat-
erally up to lateral axial lines including marked peroneal
perforators (►Fig. 1). The pivot point for flap transposition
should be above the level of 5 cm from the tip of lateral
malleolus to safeguard the distal communication between
peroneal, posterior, and anterior tibial vessels (►Fig. 2).

Patients were operated under regional anesthesia in a
semiprone position. The dissection of RPA flap was started
along the medial border of the flap marking in subfascial
plane, either including or sparing sural nerve (nerve-sparing
RPA flap) until we reach the lateral border of Soleus muscle
where we can identify the target peroneal perforators
(►Fig. 3A).

Then the dissection was continued incising the lateral
border of the flap that opens the lateral compartment of the
leg. Peroneal muscles were identified and the peroneus

brevis muscle was dissected from the fibula, and periosteum
on fibula was incised just above the level of the middle
peroneal perforator (►Fig. 3B and C).

Subperiosteal dissection was done to identify and iso-
late the peroneal vessels. From the medial aspect, the
middle peroneal perforator is traced to peroneal vessels.
The peroneal vessels are then clamped proximal to the
entry of the large middle peroneal perforator. The perone-
al vessels were ligated, cut, and included into the flap after
confirming the adequate distal perfusion of the foot and
flap

The peroneal vessel was dissected along with perforators
distally, disconnecting all of its muscular branches and
preserving cutaneous branches up to the pivot point of the
flap, which is 5 cm (►Fig. 3D above the tip of the lateral
malleolus). The donor area was covered with a split-thick-
ness skin graft (►Fig. 3E).

In an islanded RPA flap (►Fig. 6), skin flapswere dissected
in the subdermal plane on either side of the pedicle. After the
flap elevation, skin flaps were used to close the donor area to
avoid exposure of the gastrosoleus tendon. Postoperatively
the limb is splinted in plaster of paris slab and nursed in the
lateral position with limb elevation.

The flap was monitored for venous congestion, discolor-
ation, edema, and for any other complications. Patients were
followed till the complete healing of the wound.

Computed tomography (CT) angiography of both lower
limbs was done in three of the cases after the 10th postop-
erative day to identify the changes in vascular pattern in the
flap and the reconstructed limb in comparison with the
normal limb.

All of the interpolated RPA flaps were divided after 3 to
4 weeks. The demographic parameters such as age, sex of
the patient, etiology, time of presentation, details of defect
like site, size, extent and details of flap, location of the
middle peroneal perforator from the tip of the lateral
malleolus, and complications were noted down and
tabulated.

Fig. 1 Preoperative planning of reverse peroneal artery flap, P denotes the pivot point of the flap.
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Results

Out of the 20 patients in this study, 18 patients were male
and 2 were female patients. Seven patients were children of
less than 15 years of age. All had sustained injuries in road
traffic accidents. The size of the defects ranged from 7�5 cm
to 15�10 cm. The size of the flap for reconstruction ranged
from 13�6 cm to 29�12 cm. The distance of the middle
peroneal perforator from tip of the lateral malleolus ranged
from 10 to 12 cm in children and 17 to 20 cm in adults. The
pedicle length varied from 5 to 21 cm. The distance of the
superior border of theflap frompopliteal fossa ranged from2
to 5 cm (►Table 1).

Islanded RPA flap was done in eight patients. All flaps
survived and no venous congestion was observed in any of

these flaps. Postoperatively, marginal necrosis of a few mm
was seen in two patients that was managed conservatively.
Loss of skin graft at the flap donor area was noted in three
patients that healed in 4 weeks.

Three cases were evaluated with CT angiography study on
the10thpostoperativeday for case1, 30thpostoperativeday for
case 2, and 2 years postoperatively for case 3 to know the
vascular pattern in the flap and in the limb. It was found that
there was a significant increase of 0.4mm internal diameter of
peroneal artery inflap limb comparedwith normal limb. It was
also noted that therewas an increase in the internal diameter of
communicating vessels connecting theperoneal arterywith the
branchesofanterior tibial arteriesandposterior tibial arteries in
the foot and ankle region. Increase in the vascularity of flapwas
noted in all of the three patients (►Table 2) (►Fig. 4).

Fig. 2 Normal communications of peroneal artery with anterior tibial and posterior tibial arteries. RPA, reverse peroneal artery.
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Fig. 3 (A–F) The various steps of the reverse peroneal artery flap.

Table 1 Demographic details of cases included in the study

Case no. Age/sex Etiology Site of defect Pedicle
length

Outcome/
complication

Size of defect
in cms

Size of the
flap in cm

1 23/M RTA Rt. foot 20 Good 15 �10 26 �12

2 26/M RTA Rt. foot 15 Good 13 �11 28� 13

3 22/M RTA Rt. foot 18 Marginal necrosis 12 �10 29 �12

4 8/F RTA Rt. foot 7 Good 11� 6 18� 7

5 14/M RTA Rt. foot and ankle 9 Good 10� 7 19� 8

6 21/M RTA Rt. foot 13 Subflap collection 12� 6 20� 7

7 25/M RTA Rt. foot 18 Good 12� 8 29� 10

8 21/M RTA Rt. foot 21 Mild SSG loss 11� 10 29� 12

9 20/M RTA Rt. foot 17 Good 12� 8 26� 10

10 30/M RTA Rt. foot 16 Good 13� 7 28� 8

11 23/M RTA Lt. foot and ankle 13 Good 13� 7 22� 9

12 25/M RTA Lt. foot 18 Mild loss of SSG 11� 6 28� 8

13 6/M RTA Rt. foot 5 Good 8�6 14� 7

14 11/M RTA Rt. foot 7 Good 7�5 13� 7

15 25/F RTA Rt. foot 19 Subflap collection 14� 7 26� 8

16 50/M RTA Lt. sole 16 Marginal necrosis 15� 8 20� 10

17 7/M RTA Rt. foot 8 Good 10� 5 18� 7
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Discussion

Reconstruction of complex soft tissue defects around the
ankle and foot is a big challenge.

Various reconstructive options have been recommended
according to reconstructive ladder such as local cutaneous
flaps, regional pedicled fasciocutaneous flaps, cross leg flaps,
and free flaps1. Local flaps in the foot have a limitation of

adequacy of tissue. Regional flaps were described like RSA
flaps and its modifications.4 Lateral supramalleolar flap,5

fasciocutaneous flaps,6 perforator propeller flaps,7 and per-
forators plus flaps8 are adequate to cover onlymedium-sized
defects but not large distal defects of the foot. Bhandari et al1

in their study analyzed all reconstructive procedures done
for ankle and foot defects and found that RSA flap was
reliable flap for the reconstruction of superficial

Fig. 4 Postoperative findings in computed tomography angiography. Findings of the flap limb versus normal limb. RPA, reverse peroneal artery.

Table 1 (Continued)

Case no. Age/sex Etiology Site of defect Pedicle
length

Outcome/
complication

Size of defect
in cms

Size of the
flap in cm

18 5/M RTA Rt. foot 5 Mild loss of SSG 7�5 13� 6

19 30/M RTA Rt. foot and ankle 17 Good 15� 7 22� 9

20 8/M RTA Rt. foot 7 Good 8�5 16� 7

Abbreviations: F, female; Lt, left; Rt, right; M, male; RTA, road traffic accident.

Table 2 CT angiography findings of increase in the internal diameter of flap feeder vessels and opening of communicating vessels
between PA, ATA, and PTA (and their branches) in flap limb when compared with normal limb

Peroneal artery ATA PTA Lateral
malleolar artery

Lateral
plantar artery

Communicating vessel
between PA and PTA

Case 1 (10th POD) 0.51 0.51 0.29 0.9 0.12 1.26mm

Case 2 (1 mo) 0.3 0.37 1.4 0.9 0.12 1.94mm

Case 3 (4 mo) 0.55 0.2 0.4 0.1

Abbreviations: ATA, anterior tibial artery; CT, computed tomography; PTA, posterior tibial artery; PA, peroneal artery; POD, postoperative day.
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noncomplicated soft tissue defects of ankle and up tomidfoot
region of moderate size.

Regional flaps like RSA flap were frequently used but were
associated with complications like venous congestion and par-
tial necrosis in high-risk group patients with comorbidities14,15

Measures to increase coverage and decrease complications are
of only limited usefulness. Baumeister et al14 in their study
showed that RSA flaps are not free from complications like
venous congestion and partial flap necrosis in high-risk group
patients. Large RSA flaps showed venous congestion leading to
partial flap necrosis as studied by Grandjean et al.16

RSA flap, fasciocutaneous flaps, and perforator propeller
flaps from the same limb reach up to the proximal or middle
of the foot but not up to base of toes.13 However, we can
follow the reconstructive elevator and choose free flap

reconstruction17,18 when expertise and infrastructure are
available. Li et al19have concluded that freeflaps play amajor
role in reconstruction of complex, large distal defects of the
foot and ankle than pedicled flaps in their comparative study.

Cormack and Lamberty20,21 described that peroneal ar-
tery supplies entire posterolateral aspect of calf region
through its upper and middle perforators. By including the
distal peroneal artery and all the perforators up to large
middle perforator into the flap, the length dimension of the
flap can be increased up to the popliteal crease, which
facilitates the flap’s distal most reach.4 The venous drainage
can be increased by including the short saphenous vein into
the flap. Supercharging of this flap can be possible by
including sural nerve and arterial plexus of vessels that
will help in taking the whole skin in the calf region as the
flap. This makes the RPA flap more robust, reliable and with
inclusion of short saphenous vein and two big venae com-
itantes, the venous congestion will not be a problem.

Our study evaluates the RPA flap12,22 for its feasibility of
coverage of large defects of foot and ankle and its complica-
tions. The present technique of including the peroneal artery
with large internal diameter along with its perforators in the
flap acts as arterial supercharging of the flap and increased
venous drainage via peroneal venae comitantes. This signifi-
cantly increases the perfusion pressure in theflap taken from
the upper third of the leg. With these advantages, flap from
the upper leg achieves all the advantages of an axial pattern
flow. As the flap can be extended up to popliteal crease with
pivot point at 5 cm above the tip of lateral malleolus, flap has
a long pedicle; hence, the flap can reach distal most part of
dorsum or sole of the foot (►Fig. 7).

Fig. 5 Dorsumof foot (A andC) alongwith ankle defects (B) reconstructed
with reverse peroneal artery (RPA) flap. Far-right photos in A and B depict
the follow-uppicturesof theflapafter6monthsof surgery. (A) Case1—A30-
year-old male with posttraumatic defect over dorsum of foot with size
137 cm reconstructed, with RPA flap of size 28 8cm. Flap settled well. (B)
Case 2—A 30-year-old male patient with posttraumatic defect over the
dorsum of foot and ankle of size 157cmwas reconstructed with RPA flap of
size 229 cm. Flap settled well. (C) Case 3—A 25-year-old male patient with
posttraumatic defect over dorsum of left foot of size 116 cm was
reconstructed with RPA flap of size 288 cm. This patient had aminor loss of
SSG over the donor site. ATA, anterior tibial artery; PTA, posterior tibial
artery; PA, peroneal artery.

Fig. 6 Series of cases where islanded reverse peroneal artery was
done for dorsum of foot defects in patients including pediatric age
group subjects.
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Islanded RPA flap was done as single stage in our study
safely in eight patients. Exposure of tendoachilles at flap
donor site was also avoided by doing an islanded RPA flap
(►Fig. 6).

The incidence of venous congestion is very low with RPA
flap. The flap can be designed of the size around 29�12cm
that could easily cover the largest of foot defects and can reach
up to thebase of the toes also.We used this flap to reconstruct
large defects in seven children below 15 years of age in our
study with good outcome establishing safety in children.

As the importance of the peroneal artery in arterial supply
of the foot is minimal, the difficult reconstruction achieved
with sacrifice of it with the RPA flap is not of any conse-
quence. The increased amount of soft tissue transferred, the
more distal reach, increased reliability, and ease of rotation
comparedwith any other regional flap including the RSA flap
helped us in the salvage of these limbs without the need of
microvascular surgery. RPA flap effectively covers entire
ankle and foot region just as effectively as free flap.

RPA flap done for 20 cases in our study was for posttrau-
matic defects due to road traffic accidents with good results,
so established safety in acute trauma also.

CT angiography study done in three cases in postoperative
period confirms that RPA flap has good reverse blood supply
into distal peroneal artery from posterior tibial artery and
anterior tibial artery through communicating vessels and
plantar arch. The vessel caliber of peroneal artery and com-
municating vessel is increased after flap transfer (►Fig. 4).

Wecomparedour studywith theexisting two studies in the
literature by Tharayil and Patil12 and Bhatt et al13 (►Table 3).

Fig. 7 (A-D) Case of road traffic accident with the patient sustain
injury to plantar surfaces of both feet following which RSA flap was
done for right foot and RPA flap was done for the left foot. Postop-
erative result in the bottom picture. RPA, reverse peroneal artery;
RSA, reverse sural artery flap.
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Conclusion

RPA flap from the calf region provides reliable cover for the
defects involving the entire dorsum or sole of the foot. It can
reach up to the bases of the toes with good wound healing
without major complications. It can be done safely even in
the pediatric age group, in acute trauma. It can be done as a
single procedure by islanding it. Postoperative CT angiogra-
phydemonstrated improved blood supply toflap byenlarged
communications between peroneal and both anterior tibial
vessels and posterior tibial vessels in the foot and ankle
region.
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