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ABSTRACT

Introduction: Heel reconstruction is a surgical challenge because of unique nature of its tissue. The instep flap based on
the medial plantar artery neurovascular bundle provides a sensate flap with tissue similar to that of the heel.

Materials and methods: The study includes 20 patients with soft tissue defects of the heel who presented between 2016
and 2025. Medial plantar artery flap was done to cover the defect. The patients were followed up for sensations and any
ulceration in the flap for a maximum period of 10 years.

Results: Twenty patients with soft tissue defects of the heel underwent medial plantar artery flap and were included in the
study. Eleven patients continued their follow-up for 10 years. All flap survived and did not develop any ulceration in long-
term follow-up also. Protective sensations were present in the flap in patients who had normal sensations in the foot before
surgery

Conclusion: Medial plantar artery flap is a workhorse and reliable option for heel reconstruction even in long-term follow-
up.

Clinical significance: Medial plantar artery flap can be safely opted for heel reconstruction and satisfactory results can be
expected even after 10 years.
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INTRODUCTION

The heel pad is a common site of wheel trap injuries. Treatment requires reconstruction so that patient can take weight
bearing. common methods of reconstruction of heel pad is a reverse sural artery flap, medial plantar artery flap, and free
flaps. Reconstruction of the heel has been a challenging surgery over the course of history due to unique nature of its tissue.
The skin is thick with a glabrous epidermis and dermis and beneath it lies a subcutaneous fat layer that is divided into
compartments by vertical fibrous septa that extend from periosteum of the calcaneum to the plantar fascia.* This skin is
well adapted to bear the entire weight of the body and withstand pressure forces. There is very little laxity to allow primary
closure, thus making it imperative to replace it with “LIKE” tissue. The ideal replacement would be the tissue that is
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durable, sensate, and can withstand the weight of body and shearing forces of walking and other activities like jumping,
running, etc., without giving in and yet has low donor site morbidity.

Normal weight bearing is contributed by the heel, lateral border of the foot, metatarsophalangeal joint, and toes. The instep
area does not contribute to weight bearing; it extends from the distal to the heel and proximal to the first metatarsal head.
Therefore, an instep area with intact blood supply from the medial plantar artery was designed for flap reconstruction. The
skin of the foot is specialized with a thick epidermis and dermis anchored to the plantar aponeurosis by fibrous septa which
in turn partition subcutaneous fat between the skin and plantar aponeurosis. This fibrous septum prevents gliding of the
skin, and the partitioned subcutaneous fat acts as a shock observer.

Various options have been used for reconstructing the plantar surface of foot such as skin grafting,” muscle flap with skin
graft, Myo cutaneous flap,>and local fasciocutaneous flaps such as transposition, rotation, V-Y flap,®reverse sural
flap,” and free flap.? Since the heel is a weight-bearing area, a skin graft, or in fact any tissue besides plantar area is unable
to withstand this stress. Local and free flaps continue to be explored for an ideal option.

The instep forms a part of no weight-bearing surface on the plantar skin. It provides similar tissue without causing any
functional deficit. The instep flap or medial plantar artery flap was first described by Harrison and Morgan in 1981.% It can
be used to cover defects of the lateral sole and heel, and also the lower tendo-Achilles area.*

The instep flap is a robust flap based on the medial plantar neurovascular bundle. The medial plantar artery is the smaller
branch of posterior tibial artery which divides at posterior edge of sustentaculum tali. It passes under the abductor hallucis
muscle and distally lies between it and flexor digitorum brevis. The lateral edge of abductor hallucis which corresponds to
the medial edge of the plantar aponeurosis marks the line along which the perforators emerge to supply the overlying skin.
Surface anatomy can be marked as a line drawn between the centre of the heel posteriorly extending to the medial sesamoid
of the great toe. The medial edge of the plantar aponeurosis can be made prominent by passively dorsiflexing the great toe,
which puts the medial part of the plantar aponeurosis under tension. The flap is cantered over this line.>** Flaps with
dimensions of up to 10 cm length x 7 cm width can be raised easily in adults. It has been used as a pedicled as well as a free
flap for defects of the heel and forefoot.*? It also has the advantage of being sensate.

The current study presents a long-term follow-up of medial plantar artery flap done for reconstruction of the soft tissue
defects of the heel. It aims to ascertain the durability of the flap as it bears the weight and stress over the years.

MATERIALS AND METHODS

The study was conducted at a tertiary healthcare centre from 2016 to 2025. Inclusion criteria were patients above 18 years
of age with soft tissue defects of the heel following trauma may be wheel trap, neurological deficit after spinal injury and
malignancy.

Exclusion criteria were poor diabetic control and those with previous surgery for the same defect.

Surgical Technique

Preoperative evaluation was done using hand-held Doppler and course of the medial plantar artery was marked. Under
tourniquet control, the wound was debrided as necessary. Osteomyelitis bone in patients with diabetes, spinal surgery, and
leprosy was also thoroughly debrided. The flap is then marked over the instep area keeping the neurovascular pedicle in
midline. The flap elevation was started from the distal marking. The medial plantar artery and nerve were found between
the abductor hallucis and the flexor digitorum brevis muscles. The flap was then raised in subfascial plane, under loupe
magnification fascicles from the medial plantar nerve supplying the flap were dissected off the nerve and were taken with
the flap to make it sensate. The flap was then transposed into the defect; the donor site was grafted with split skin graft. A
roll-over dressing was done over the grafted area. This dressing was opened and all sutures were removed around 2 weeks.
Patient was allowed to ambulate at 6 weeks, initially with support and then without support.
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Fig. 1: Medial plantar artery flap: operative photograph

All patients were advised silicone soles for protection during weight-bearing at least for first 6 months.

Patient was called for follow-up at 1 month, then at 3 months for next 2 years, and then annually. Patients were asked to
report immediately if they develop any ulceration, pain at the operative site, or any other complaint regarding operation.
Flap was assessed for any improvement in sensation and ulceration. Crude touch was assessed using a cotton wisp.

RESULTS

Twenty patients with soft tissue defects of the heel were included in the study. There were 12 males and 8 females. Mean
age was 32 years. Thirteen patients had post-traumatic heel defect, five patients developed soft tissue defect after
neuropathy following spinal surgery, and two cases were malignant.

Medial plantar artery flap was successfully performed in all patients. Average flap size was 9 x 5 cm. Ipsilateral donor site
was available in all cases; hence no free flap was done.*® Five patients developed venous congestion in the postoperative
period which resolved after removal of few sutures.

Most of the patients continued their follow-up for 8-10 years.

Out of 20 patients, five did not use silastic sole as a protective cover for heel. All these five patients incidentally were
farmers and worked barefoot in the field and still did not develop any ulceration over the heel area resurfaced by instep
island flap. It was noted, however, that all five of them were operated for a post-traumatic defect of the heel and had no
underlying osteomyelitis or sensory deficit.

One patient with heel defect post spinal surgery, underwent thorough debridement of the osteomyelitis calcaneum followed
by instep flap for cover. One and half months later he developed a small raw area with purulent discharge on the margin of
the wound which was debrided and dressed. The wound healed; however, he did not follow up during the coronavirus
pandemic time and eventually came with complete loss of the flap 2 years later.

Rest of the 19 flaps were able to bear weight after 4 weeks and did not develop any ulceration or raw area. Patients with
controlled diabetes, treated leprosy, and post spinal surgery heel defects stayed in regular follow-up for their medical
condition and simultaneously with us also Sensations over the flap improved with time and patients were able to appreciate
crude touch in 2-3 months which improved over the next 2 years. Results were inferior in patients with already decreased
sensation of the foot such as diabetics and those with neurological deficit. They were following instructions to take care of
the heel area strictly.

Donor area healed uneventfully with a split skin graft in all patients. However, two patients developed junctional
hyperkeratosis along the graft margin.

DISCUSSION

In our study there was no flap loss in any patient, survival rate was 100%, and only there were few minor complications in
four patients (20%) which were eventually resolved. We encountered no donor site complications. These results were
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comparable to a review study by Opoku-Agyeman which reports very high flap survival rate (98.2%), low minor flap
complications (9.4%), and low donor site complications (5.2%).**

In a study by Schwarz and Negrini,?’ the authors reported a 25% complication rate such as infection, delayed healing,
pressure sore, and flap necrosis. We report a lower complication rate (20%). All patients in quoted study had ulcers
following trauma secondary to sensory loss and the mean age was 50 years. In our study, majority of the patients had post-
traumatic defects with intact nerve supply and the mean age was 32 years.

Rashid et al.”® compared medial plantar artery flap with sural artery flap for heel reconstruction. They found that though
medial plantar artery flap took longer surgical time, it was associated with earlier weight-bearing and lesser complications
than sural artery flap. Patients also returned to work sooner, at 8 weeks as compared to 12 weeks with sural artery flap. This
is possible as instep skin is glabrous and more akin to the heel skin as compared to any other flap.

Oh et al. performed versatile instep flaps in 20 patients.® Proximally based, distally based, and free flaps were done in 20
patients. They reported partial loss of three pedicled flaps and hyperkeratosis in one patient. Our study reported no loss
of flap and two patients had hyperkeratosis along the graft margin.

Siddiqi et al. published a case series of instep island flap over 14 years.*” They also found it to be a reliable option giving
good contour of the heel. The skin texture was well-matched with minimum donor site morbidity. We also observed similar
results in our study.

Macedo et al. operated on 12 patients with post-traumatic heel defect.*? They performed medial plantar artery flap to cover
defects on anterior calcaneal region, posterior calcaneal region, and dorsum of foot. One patient showed loss of graft on
donor site and one patient had partial loss of flap. In all other cases the result was aesthetically and functionally acceptable.

Our study shows that instep flap is a good alternative not only in short follow-up period but over a long span of 10 years
which validates various studies on this flap.

CONCLUSION

Medial plantar artery flap or instep flap is an excellent flap or workhorse flap for heel reconstruction. Even after 10 years
the flap is reliable with no ulceration on weight-bearing and has protective sensations. The donor site morbidity is also
minimum, making it a superior option to other flaps.

Clinical Significance
Medial plantar artery can be safely used for heel reconstruction with good results in long-term follow-up of 10 years.

Case 1

A 30-year-old male patient, presented with a post-traumatic heel defect for 2 weeks. Sensations of the foot were intact
preoperatively. She underwent debridement of the wound. Instep island flap was done to cover the soft tissue defect of the
heel. Patient was a farmer by occupation; she started working barefoot in the fields within 6 months of surgery. Flap healed
nicely and settled as shown in attached figure. There was no ulceration or raw area on the flap (Fig. 2).
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Case 2

A 42-year-old farmer, presented with a post-traumatic soft tissue defect of the heel for 3 months. He was taken for wound
debridement along with removal of dead bone. There were no underlying osteomyelitis and sensations of the foot were
intact. Instep island flap was used to cover the wound. Patient was able to start weight-bearing at 6 weeks and was working
in field at the end of 6 months. The flap was healthy on all subsequent visits. The contour was observed to look like
patient’s natural heel over a period of time (Fig. 3).
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Case 3

A 35-year-old patient, presented with soft tissue defect of the heel following squamous cell ca surgery. Sensations of the
foot were intact. Instep island flap was used for covering the defect. Flap healed and patient was discharged after suture
removal. There was no any complication and patient was doing well.

INSTITUTIONAL REVIEW BOARD

The authors did not seek IRB approval for this study because we did not employ the use of protected health information in
this investigation.
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