
80

Copyright © 2022  The Korean Society of Plastic and Reconstructive Surgeons
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/ 
licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. www.e-aps.org

INTRODUCTION 

Both the instep flap and the medialis pedis flap, along with the 
skin and glabrous subcutaneous tissue of the sole, provide a 
neurosensorial skin island and protective cover for the weight 
bearing area of the heel. The sole, in particular, has a fibrous sep-
ta structure and thick glabrous skin; for this reason, whenever 
possible, local flaps are preferable than distant flaps or skin grafts 
because of the functional characteristics of this region. 

The medial plantar artery usually is not a component of the 

metatarsal arch [1,2] and bifurcates just medial to the abductor 
hallucis muscle to form a superficial and a deep branch. The 
deep branch passes over the tibialis posterior tendon proximal 
to the navicular tubercle, providing blood supply to that area [3] 
upon which the medialis pedis flap is based (Fig. 1). The instep 
flap, also known as the medial plantar artery perforator flap, was 
originally reported to cover moderate size defects on the heel 
[4]. The medialis pedis flap has also been reported to cover de-
fects on the heel, providing the same tissue characteristics as the 
instep flap but with a narrower skin island [5,6]. 
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In order to increase the axial rotation of the skin island to cover 
the entire defect on the heel, it is sometimes necessary and ac-
ceptable to ligate the lateral plantar artery (Fig. 2A) [5-7], par-
tially affecting the blood supply of the plantar metatarsal arch by 
making it solely dependent on the deep plantar artery, a termi-
nal branch of the dorsalis pedis artery (Fig. 3). In order to re-
store blood flow through the lateral plantar artery, we propose 
to harvest a vein graft and do perform an end to side anastomo-
sis between the posterior tibial and the proximal stump of the 
previously ligated lateral plantar artery (Fig. 4). 

IDEA

Methods
This study included, 12 cases of heel reconstruction from 2012 
to 2020; including seven instep flaps and five medialis pedis 
flaps, that where in performed ligation of the lateral plantar ar-
tery was performed in order to elongate the pedicle and cover 
the defect of the heel. During these procedures, the stump of 
the previously ligated lateral plantar artery was restored with a 
vein graft and an end to side anastomosis between the stump of 
the lateral plantar artery and the side of the posterior tibial ar-
tery. The age range of the patients was 39 to 85 years, with most 
in their 40’s and 50’s. Four patients presented with melanoma 
and were reconstructed with instep flaps. Eight patients present-

Fig. 1. Medialis pedis flap based on the deep branch of the medial 
plantar artery. Instep flap based on the superficial branch of the 
medialis pedis artery.

Fig. 2. Instep flap rotation. (A) Elevation of the flap. When a medialis 
pedis flap needs to reach a more distant location for coverage, the 
lateral plantar artery has to be divided. (B) Flap inset in a very distant 
position. The lateral plantar artery needed to be divided to reach the 
area. The yellow arrow shows the anastomosis to restore blood flow 
between the posterior tibial and the lateral plantar arteries with a 
vein graft. MPA, medial plantar artery; LPA, lateral plantar artery.
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Fig. 3. Schematization of the blood supply of the foot.
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ed with chronic ulcers, three of them were reconstructed with 
instep flaps and five of them with medialis pedis flaps. 

The vein graft was used to restore the gap between the tibialis 
posterior artery and the lateral plantar artery after its ligation 
was taken from the lesser saphenous vein. The gaps usually were 
between 6 and 8 cm, but the vein grafts taken were usually 8–10 
cm to avoid tension on the anastomosis. 

In all cases, surgery was performed after the informed consent 
was signed by the patients. This study was conducted with ap-
proval from the hospital ethics committee (IRB No. CMUH109-
REC3-170).

Surgical technique
The instep flap, also known as a medial plantar artery perforator 
flap, and the medialis pedis flap are both based originate from 
on the medial plantar artery; with the medialis pedis flap origi-
nating from is based on the deep branch and the instep flap 
from is based on the superficial branch of the medial plantar ar-
tery and its perforators (Fig. 1). The posterior tibial artery bifur-
cates between the medial malleolus and the heel forming the 
medial plantar artery and the lateral plantar artery. The medial 
branch of the medial plantar artery passes beneath the abductor 
hallucis muscle where it bifurcates into the superficial branch 
and the deep branch. It is situated between the flexor digitorum 
brevis and the abductor hallucis, at the base of the first metatar-
sal bone and, passes along the medial border of the big toe, anas-
tomosing with the first dorsal metatarsal artery. 

The lateral plantar artery runs distally to the base of the fifth 
metatarsal bone, turns medially, and unites with the deep plan-
tar branch of the dorsalis pedis artery completing the plantar 
branch.

Both arteries are accompanied by the medial plantar nerve and 

lateral plantar nerve and concomitant veins.
Division of the branches of the medial plantar nerve to the toe, 

this can cause postoperative sensory disturbances in the great 
toe [7,8]. The deep venous return from the sole is provided by 
venae comitantes, a superficial system that drains via the lesser 
and great saphenous veins.

The size of the medialis pedis flap was as large as 9 × 6 cm, 
from the medial malleolus proximally to the distal edge until at 
the lateral side of the middle of the first metatarsus. The instep 
flap was as large as 11 × 8 cm. In both flaps the plane of dissec-
tion was subfascial and the muscle branches had to be ligated. In 
order to increase the axial rotation of the flap as much as possi-
ble and avoid tension on the pedicle, the lateral plantar artery 
was ligated. The donor site was covered with a split-thickness 
skin graft.

To ligate of the lateral branch (Figs. 2A, 5) and restore its vas-
cularity, the vein graft was taken from the lesser saphenous vein 
and, once the flap was transposed to cover the defect (Figs. 5, 6), 
the vein graft was used as a bridge between the posterior tibial 
artery and the proximal stump of the lateral plantar artery (Figs. 
4, 7), with end-to-side anastomosis between the posterior tibial 
artery and vein graft and end-to-end anastomosis between the 
vein graft and the proximal stump of the lateral branch of the 
medial plantar artery. 

Results
Patients were followed for a period of 18 months. The long-
term results showed that, the flaps provided good coverage 
when local tissue from the sole was used and patients reported 
sensorial discrimination to fine touch on the flaps and with 
weight bearing on the heel. Normal ambulation was restored in 
all patients. Two flaps were sutured too tight and caused mild 

Fig. 4. Restoration of the lateral branch with vein graft. Medialis 
pedis flap with restoration of blood flow between the posterior tibi-
al artery and the lateral plantar artery with vein graft (schematiza-
tion). MPA, medial plantar artery; LPA, lateral plantar artery.

Fig. 5. Insetting of the flap. The flap is turned to cover the defect.
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congestion distally; these cases were resolved by removing some 
sutures. Two patients reconstructed with the medial plantar ar-
tery perforator flap reported sensory disturbances on the lateral 
side of the great toe. The vascular restoration of the lateral plan-
tar artery remained patent, as demonstrated by Doppler ultraso-
nography. The skin grafts over the donor sites were fully inte-
grated without any complications.

DISCUSSION

In order to increase axial rotation and allow the skin island to 
fully reach distant areas of heel defects (Fig. 2B), many surgeons 
have accepted that ligation of the lateral plantar artery is neces-
sary [2,3,5,7] without considering that the lateral plantar artery 
also completes the deep plantar arch when it anastomoses with 
the deep plantar branch of the dorsalis pedis artery. Therefore, 
the following questions arise: why has it been considered ac-
ceptable to ligate the lateral plantar artery and what is the im-
portance of restoring the blood flow through it? These two 
questions can be answered by considering the anatomy of the 
pedal blood flow. First, look considering at the pedal arches; the 
superficial and deep arches communicate through the three ar-
terial systems supplying the foot: (1) the anterior tibial artery 
and its branch the dorsalis pedis artery to deep plantar artery; 
(2) the peroneal artery with a communicating branch to the 
posterior tibial artery and an anterior branch anastomosed with 
the distal anterior tibial artery; and (3) the posterior tibial artery 
with the lateral plantar artery (Fig. 3) [2,3,9]. Although the 
plantar arch consists of the deep plantar artery (from the dorsa-
lis pedis artery) and the lateral plantar artery (from the posterior 
tibial artery), the flow is also helped by the peroneal artery. That 

is why ligation of the lateral plantar artery has been considered 
acceptable in order to increase the rotation axis of the flap.

In a young patient or patient without chronic and degenerative 
disease, the foot circulation will not be affected immediately. 
Nevertheless, the effect may well be important in the future if 
another vascular intervention to that foot is needed, and which 
is answers the question of why it is important to restore the 
blood flow to the lateral plantar artery after its ligation. Although 
the flap and the anastomosis with a vein graft become stable in 
14 days as a result of platelet aggregation, fibrin formation, and 
pseudo-intima development, and the anastomotic site and the 
vein graft are covered by endothelium [10], it is recommended 
that patients do not step on the flap for at least 1 month. 

It is well known that hypertension induces physiological and 
morphological changes in the arterial wall. Changes in all vessel 
layers, from the endothelium to the perivascular adipose tissue, 
have been described [11] due to the repeated secretion of pro-
contractile factors and decreased secretion of prorelaxant fac-
tors, resulting in increased the resistance of the small vessels 
[12,13]. 

The vascular flow of patients with diabetes can be affected in 
the early and long-term stages of the disease. Macro- and micro-
circulatory disorders manifest because of insufficient blood flow 
velocity and volume in the early stages of diabetes. However, 
blood flow velocity is faster in patients with advanced disease 
and microvascular complications [14-16], including vascular 
tone disruption occur. Peripheral limb blood flow decreases 
dramatically due to vessel damage caused by hyperglycemia 
[17] and those patients are vulnerable to vascular endothelial 
dysfunction. 

Atherosclerotic disease below the knee is a risk shared by pa-

Fig. 7. Ligation of the lateral branch. The yellow arrows mark the li-
gated lateral plantar artery, once the flap has been elevated.

Fig. 6. Restoration of the blood flow with a vein graft. The yellow 
vessel loop shows the restoration of the flow of the lateral plantar 
artery after the vein graft.
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tients with diabetes mellitus and peripheral vascular disease 
without diabetes. This can also lead to decreased volume perfu-
sion in the lower limb [18] and has been traditionally treated 
with bypass surgery. The bypass inflow originates in different 
locations such as the superficial femoral artery and the popliteal 
artery, above and below the knee. The recipient vessels dorsalis 
pedis artery, the tarsal artery, and the medial or lateral plantar ar-
teries in patients with critical limb ischemia. When compared to 
endovascular treatments like percutaneous transluminal angio-
plasty, bypass surgery has been considered the more effective 
type of revascularization [19]. 

Bypass to the medial or lateral plantar artery or to the lateral 
tarsal artery is less frequently performed and were as, noted to 
have a 15%–29% rate of early graft occlusion [20]. 

In conclusion, for patients who may require revascularization 
of the lower limb at some point in the future, restoring blood 
flow to the lateral plantar artery will preserve the option to use 
this artery as a recipient in bypass surgery. 
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