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Summary

Reconstruction of large soft tissue foot defects were considered a difficult issue due to weight-bearing function of the foot. The reconstruction
becomes more difficult when both plantar and dorsal soft tissues are involved. The options for the reconstruction were variable, in 2016 Hao Wu
etal. presented a combined flap for coverage of combined fore-foot plantar and dorsal soft tissue defects. We used combined flaps in two cases

and present our experience in this article.
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Introduction
Skin defects of the foot represent a chal-
lenge, especially plantar foot defects
due to different structural anatomy and
functional demands compared to other
sites of the body.

The sole is designed to tolerate weight
bearing, the glabrous skin has thick epi-
dermis and the dermal epidermal junc-
tion is tightly anchored to the bone by
fibrous septa, reducing shearing forces
and protective sensation. The subcuta-
neous fat is arranged in the chambers
between fibrous septa, providing shock
absorption function [1,2].

Several types of flaps were designed
to cover these defects with controver-
sies regarding the best flap that produce
similar characters to plantar skin, espe-
cially for large sized defects [3].

Local flaps, especially the medial plan-
tar flap, are considered the first choice in

replacing these defects considering the
rule of replacing “like with a like princi-
ple”. Unfortunately, this is not applicable
for large sized defects [3-6].

Combined dorsal and plantar soft tis-
sue defects are considered large-sized
defects that require free tissue transfer
for reconstruction [7].

In 2016 Hao Wu etal. described a com-
bined free medial plantar and posterior
tibial artery flap for combined fore-foot
dorsal and plantar defects [8].

They used the sensate medial plan-
tar flap to cover the plantar fore-foot de-
fect, and the posterior tibial artery flap
to cover dorsal defect; anastomosis was
done to the dorsalis pedis vessels.

However, this combined flap has a lim-
itation; being used only for fore-foot de-
fects with amputated toes.

We used this combined flap in recon-
struction of two cases.

One case had combined dorsal and
plantar fore-foot defects, we followed
the same steps of Hao Wu etal. descrip-
tion. In the other case, we had a com-
bined dorsal and plantar hind foot de-
fects; thus, we modified their flap to suit
this condition by including the abductor
hallucis muscle in our flap.

Anatomic basis

The posterior tibial artery is one of the
terminal branches of the tibio-peroneal
trunk (a terminal branch of popliteal ar-
tery) that passes posterior to the popli-
teus muscle and pierces the soleus mus-
cle. It runs in the posterior compartment
of the leg in the septum between the su-
perficial and deep muscles group.

The distal part of the artery is su-
perficially running underneath the
skin, being anterior and parallel to the
tendo-achillis.
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It has ten branches in total; circumflex
fibular, nutrient, muscular, perforating,
communicating, medial malleolar, cal-
caneal, fibular, lateral plantar and medial
plantar arteries [9].

The skin perforators arise from the
artery at variable distances. There are
three groups of perforators for the pos-
terior tibial artery at the following dis-
tances proximal to the medial malleolus:
1.4-9cm, 2. 13-18cm, and 3. 21-26cm.
Perforators with the largest caliber
usually present in the proximal two-
-thirds of the leg [10].

Before entering the tarsal tunnel, it di-
vides into two terminal branches - a lat-
eral plantar artery and a smaller medial
plantar artery.

The medial plantar artery at first lies
deep to abductor hallucis, in the sep-
tum between the abductor hallucis and
the flexor digitorum brevis and ends
at the base of first metatarsal. It passes
along a medial border of first toe where
it ends by anastomosing to the first dor-
sal metatarsal artery.

It has two branches superficially giving
rise to the skin perforators and a deep
branch supplying the abductor hallucis.

The abductor hallucis muscle arises
from medial calcaneal tuberosity, flexor
retinaculum, and plantar aponeurosis
and inserts into the medial side of the
great toe proximal phalanx [11].

It has a major proximal vascular pedi-
cle and two distal minor pedicles (classi-
fied as type two muscle) [12].

The abductor hallucis is a well-known
local muscle flap, either a proximally or
a distally based flap for coverage of small
sized foot defects [13].

Surgical technique

The integrity of the anterior tibial, the
dorsalis pedis, and the posterior tibial
was assessed perioperative by hand-
held doppler in both legs.

Adequate debridement was carried
outin a recipient site.

The dorsalis pedis vessels were traced
proximally medial to the extensor digi-
torum brevis and just lateral to the ex-
tensor hallucis longus tendon; the infe-
rior and superior extensor retinaculum
was incised to explore the proximal part
of the vessels. The vessels were traced
in the distal leg above the superior ex-
tensor retinaculum deep to the extensor
tendons. In two cases, anastomosis was
made in the distal leg just above the su-
perior extensor retinaculum.

The saphenous vein was traced
proximally to the level of expected
anastomosis.

Recipient’s vessels were clamped by
vascular clamps before being used for
anastomosis to assess vascularity of the
foot. We did not explore the posterior
tibial vessels.

The terminal end of the superficial
peroneal, saphenous first plantar dig-
ital and calcaneal nerves were identi-
fied in the field and traced proximally to
a healthy level.

The contralateral leg was used for the
flap harvest. The harvest was carried out
under a tourniquet.

Although Hao Wu et al. recommended
harvesting the posterior tibial artery flap
first, we started by harvesting the me-
dial plantar flap. We designed the flap in
the instep area. Usually, we start by incis-
ing the medial flap border exposing the
abductor hallucis that was retracted to
expose the septum between it and the
flexor digitorum brevis.

Once the septum was identified and
the minor skin perforators at the distal
part were recognized, we dissected to the
proximal part of the septum where the su-
perficial branch of the medial plantar ar-
tery and the main perforator were identi-
fied, branches to the muscles were ligated.
In the second case, we preserved the deep
branch supplying the abductor hallucis.
A sensory branch usually enters the flap at
the level of the main perforator that was
traced to the medial plantar nerve.

After identification of the artery and
the perforator, the plantar border of the
flap was incised, exposing the flexor dig-
itorum brevis that was retracted to iden-
tify the septum.

Digital branches were identified and
protected.

Then we incised the distal end of the
flap and ligated the distal end of the me-
dial plantar artery and dissected the flap in
a retrograde manner, reaching to the ab-
ductor hallucis. In the first case, we incised
it to expose the proximal part of medial

Fig. 1. A and B were plantar and dorsal components of the defect.
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Fig. 2. A) flap design, B) flap harvest, C) flap after separation with its two components, D, E) donor-site morbidity
and F) flap after insetting. White arrow in F pints to posterior tibial flap while black one points to medial plantar flap.

plantar vessels, while in the second case
we harvested it from its insertion and or-
igin, keeping its vascular pedicle.

Then we ligated the lateral plantar ar-
tery and followed the posterior tibial ar-
tery to the distal end of the posterior
tibial artery flap.

For posterior tibial artery flap, we de-
signed the flap from the medial border
of the tibia to mid-line posterior.

Usually, we start by incising the poste-
rior border of the flap. A deep fascia over
the superficial muscle group anterior to
tendo-achillis is incised.

The superficial group was retracted,
exposing the septum between the su-
perficial and the deep muscle groups,
through which the posterior tibial sep-
tocutaneous perforators were identified.

After that we incised the ante-
rior flap border, reaching the septum.

Acta Chir Plast 2024; 66(2): 73-81

75




FREE MEDIAL PLANTAR FLAP CONNECTION WITH A POSTERIOR TIBIAL ARTERY FLAP

Fig. 3. Four years follow up A) medial plantar, B) posterior tibial flaps,

C, D) the patient is weight-bearing well.

The saphenous nerve was identified and
harvested with the flap, while the saphe-
nous vein was dissected out of the flap.
The deep muscular branches were li-
gated and the posterior tibial artery was
freed to the proximal end of the flap.

The tourniquet was deflated and
both flaps were left to ensure adequate
perfusion.

First, we started by suturing the me-
dial plantar flap to the plantar defect
during the flap inset in both cases.

In the first case, the exposed segment
of the vessels was passed through the
web space and the posterior tibial artery
flap was then sutured to the dorsal de-
fect while suturing its distal part to the

medial plantar flap to cover vessels and
the fore-foot.

This was not applicable in the second
case; as it is a hind-foot defect with in-
tact remaining foot parts.

We passed the exposed segment
across lateral border of the hind-foot
and covered it by abductor hallucis
muscle.

The proximal ends of the posterior
tibial vessels were anastomosed to the
dorsalis pedis vessels in the first case,
and to the anterior tibial vessels in the
second case.

The saphenous nerve was sutured to
the superficial peroneal nerve in both
cases, while the medial plantar flap sen-

sory nerve was sutured to the first digital
nerve in the first case and to the distal
end of the calcaneal branch in the sec-
ond case.

Case description

Case No. 1 (Fig. 1-4)

A 28-year-old male patient has ampu-
tated toes with skin loss extending to
the mid-foot dorsally and plantarly due
to a caraccident in 2019.The patient was
on a vacuum assisted wound dressing
for 5 days after initial debridement; then
the defect was reconstructed by a com-
bined flap. The posterior tibial flap size
was 15 x 8cm and this flap was used for
the dorsal defect, while the medial plan-
tar flap size was 9 x 7cm and this flap
was used for the plantar defect.

A common pedicle length was 4cm
(proximal to the proximal edge of the
posterior tibial flap).

The remaining raw area covered
by STSG (5 x 4cm on medial side and
8 x 5 on lateral side).

Vascular anastomosis was performed
to the anterior tibial artery and its com-
itant veins.

The saphenous nerve of the posterior
tibial flap was anastomosed to the su-
perficial peroneal nerve of the recipient
site.

The sensory branch of the medial plan-
tar flap was anastomosed to the medial
plantar digital nerve of the big toe.

Anastomosis was done above the ex-
tensor retinaculum.

A follow-up of 4 years showed good
flap survival, texture and sensibility.

A static foot scan showed reduced
total contact pressure area; that means
the patient is trying to protect the in-
jured limb unconsciously.

Case No. 2 (Fig. 5-8)

A 14-year-old male patient had a de-
gloving injury with a skin loss over the
ankle and the foot and plantarly over
the hind-foot due to a motorbike acci-
dent in 2020. Debridement and vacuum
assisted wound dressing was performed
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Fig. 4. Static plantar pressure measurement.

for 1 week, then the defect was recon-
structed by a combined flap. The pos-
terior tibial flap size was 17 x 9cm and
the flap was used for a dorsal defect,
while the medial plantar flap size was
11 x 6cm and this flap was used for
a plantar defect. The abductor hallucis
muscle was used to cover the exposed
vascular segment. The remaining raw
area was covered by STSG (10 X 6¢cm on
the medial side and 9 x 3cm on the lat-
eral side).

Vascular anastomosis was performed
to the anterior tibial artery, one deep
vein and the other vein to saphenous
vein.

The aphenous nerve of the poste-
rior tibial flap was anastomosed to the
saphenous nerve of the recipient site.
The sensory branch of the medial plan-
tar flap was anastomosed to the cal-
caneal branch. Anastomosis was per-
formed in the distal leg deep to the
extensors.

A follow-up lasting 1 and 3 years
showed good flap survival, texture and
sensibility.

A static foot scan showed a slight re-
duction in contact pressure area, com-
pared to a normal side.

Discussion

The foot is a specialized part in the body
designed to withstand weight bearing,
and to provide shock absorption, ele-
gant shape and protective sensation.
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Fig. 6. A) flap design and harvest, B) flap components with white arrows pointing to neurovascular pedicle,

C, D) immediate post-operative.

Soft tissue loss can occur because
of trauma, which is a common cause,
burns, tumors or trophic ulcers.

Flaps used for reconstructing the soft
tissue defects should have properties

similar to that of the foot. Unfortunately,
this is only available for small-sized de-
fects that can be reconstructed by local
flaps. Large-sized defects can only be
reconstructed by free flaps, either free

muscle or free fasciocutaneous flaps,
both of which have advantages and
disadvantages.

Combined dorsal and plantar foot
soft tissue defects represents a special
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Fig. 7. A, B) 1 year follow-up, C-F) 3 year follow-up.
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Fig. 8. Static plantar pressure measurement.

difficulty as the available options were
limited.

The options include either a large fas-
ciocutaneous or muscle flap with the
difficulties in flap in-setting or two flaps
using one flap as a flow-through flap in-
creasing the operative time and difficul-
ties and a number of anastomoses.

A combined medial plantar and pos-
terior tibial artery flap described by
Hao Wu etal. provides an excellent so-

lution to these defects having several

advantages:

- named sensory nerves for both flaps al-
lowing better sensation recovery;

- the shape and thickness of the flap is
similar to that of plantar skin;

-the medial plantar flap; when har-
vested deep with the plantar aponeu-
rosis, it reduces the shearing forces;

- double flaps with a single pedicle en-
suring higher survival rate;

-the posterior tibial artery flap with
characteristics similar to the dorsum of
the foot.

However, it has two disadvantages:
- being used only for fore-foot defects
with amputated toes;
-a major leg vessel has been sacrificed
(however, sometimes it is necessary).
When used for the fore-foot, the seg-
ment of the vessels between two flaps
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can be passed in the web space and
the flaps can be approximated safely,
while using the flap for combined dor-
sal and plantar defects of the hind foot is
a good choice; however, the segment of
the posterior tibial vessels between two
flaps will be exposed without a cover.

Solutions for this situation:

- approximating two flaps resulting in
a vascular kink that may jeopardize
perfusion;

- using the posterior tibial artery flap as
a flow-through flap anastomosing the
medial plantar vessels to the posterior
tibial vessels at the distal end of the
flap, increasing the number of anasto-
moses and a failure rate;

-including the abductor hallucis mus-
cle with the flap to cover the exposed
segment.

The abductor hallucis muscle is a well-
known flap used to cover small sized de-
fects based either proximally or distally,
with a known vascular pedicle.

Conclusion

A modified combined medial plantar flap
and a posterior tibial flap are an excellent
choice to reconstruct combined dorsal
and plantar defects in any part of the foot.
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