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Introduction

Diabetes is a common, chronic, neurovascular disease that is 
challenging to treat because patients can have many serious 
complications, including diabetic foot ulcers (DFU) (1,2). 

According to the global epidemiological surveys, up to 

25% of patients with diabetes develop foot ulcers. Among 

them, 14–24% undergo amputation (3). DFU often occur 

in weight-bearing areas of the foot. The heel is a common 
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2018 to August 2020. Upon admission, ulcer debridement and bone cement filling were performed for  
2–3 weeks to control infection. Digital subtraction angiography (DSA) or computed tomography 
angiography (CTA) of the lower limb was performed to assess vascular status. Then, 5 patients were repaired 
with MPIF and 7 patients with SNNAIF.
Results: The MPIF survived completely in 5 cases; SNNAIF was used in 7 cases, and 6 cases survived 
completely. Meanwhile, 1 patient who underwent SNNAIF presented with partial necrosis of the distal 
end of the flap. Then, it healed after debridement and dressing changes. All 12 flaps were followed up for  
6–12 months. The flaps had a soft texture, and their shape was satisfactory. In 2 cases, SNNAIFs re-ruptured 
8 months after surgery. However, they healed after dressing changes and weight-bearing reduction. During 
the 10-month follow-up, the sensory recovery of MPIF in 5 cases was satisfactory because the flap contained 
medial plantar cutaneous nerve. Meanwhile, 7 patients who underwent SNNAIF repair had poor sensory 
recovery. All patients had good dorsiflexion and plantarflexion of the ankle with satisfactory function.
Conclusions: Both the MPIF and SNNAIF flaps had a high survival rate and are feasible for DFU repair 
with good clinical outcomes. If DSA or CTA shows that the medial plantar artery is unobstructed and the 
heel wound is small, MPIF can retain sensory function and wear resistance. It is the first choice for repairing 
diabetic foot ulcers on the heel. If the heel wound are large or DSA or CTA shows that the posterior tibial 
artery is occluded and the peroneal artery is unobstructed, SNNAIF repair is safer.
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site of DFU which are characterized by wounds that reach 
the deep anatomical layers, a long disease course, and repair 
difficulties (4). Advancements in microscopic techniques 
have promoted the widespread clinical application of 
different perforator flaps for the treatment of DFU. Flap 
therapy significantly reduces the amputation rate and 
improves quality of life (5). In previous reports, single skin 
flap was used to repair diabetic foot ulcers (6,7), However, 
there are few comparative studies between the two kinds of 
flaps. From August 2018 to August 2020, 12 patients with 
chronic DF heel ulcers were admitted to the Department of 
Hand and Foot Surgery of The Second Affiliated Hospital 
of Soochow University and underwent medial plantar island 
flap (MPIF) and sural nerve nutritional artery island flap 
(SNNAIF) repair. The patients had good clinical outcomes. 
MPIF is a flap that carries the medial plantar artery and the 
cutaneous branch of medial plantar nerve, and SNNAIF is 
a flap whose blood is supplied by the most distal perforating 
branch of peroneal artery and whose axis is the running 
line of sural nerve. To contribute to the treatment of DF 
heel ulcers, the clinical efficacy of the two therapies was 
analyzed. We present the following article in accordance 
with the STROBE reporting checklist (available at https://
atm.amegroups.com/article/view/10.21037/atm-22-293/rc).

Methods

General information

In total, 12 patients were included in this study. All 
procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). This study was approved by 
the Ethics Committee of The Second Affiliated Hospital 
of Soochow University (JD-HG-2022-02). Because of the 
retrospective nature of the research, the requirement for 
informed consent was waived. Among them, 8 were men 
and 4 women, and they were aged between 48 and 72 (mean 
=62) years. All patients had type 2 diabetes and a disease 
history ranging from 5 to 20 years. Moreover, the course of 
their heel ulcers ranged from 1 to 3 months. In addition, the 
wounds presented with exudates and necrotic materials. In  
7 cases, the ulcers reached as deep as the calcaneus, resulting 
in complicated osteomyelitis, and the heel wound size was 
about 2 cm × 2 cm to 7 cm × 8 cm. Upon admission, ulcer 
debridement and bone cement filling were performed for 
2 to 3 weeks to control infection. In addition, lower limb 
DSA or CTA was performed to evaluate vascular status. 

Then, 5 and 7 patients underwent MPIF and SNNAIF 
repair, respectively.

Surgical process

Preoperative preparation
To control blood glucose levels to approximately  
<8 mmol/L, patients first received medical treatment 
including blood glucose control and anti-inflammatory 
medications and nutritional supplementation. We then 
obtained secretion samples for culture and changed the 
wound dressing, and adjust antibiotic drugs according 
to drug sensitivity test. Subsequently, foot radiography 
and lower limb vascular CTA or DSA were performed to 
evaluate the osteomyelitis status of the heel and the patency 
of the anterior and posterior tibial and peroneal artery and 
their perforating branches in the lower limb. In stage I, 
debridement and dilation procedures were performed, and 
the bone cement was filled for 2 to 3 weeks according to the 
degree of infection. After bone cement removal, the wound 
did not present with odor and purulent secretions, and 
infection was satisfactorily controlled. Then, in stage II, flap 
repairs were performed.

MPIF
(I) Flap design: before surgery, the medial plantar artery 
shape and the location of the perforating branches were 
detected via Doppler ultrasonography combined with CTA 
or DSA. The flap axis line was defined as the straight line 
from 1 cm below the prominence of the malleolus medialis 
and between the first and second metatarsal heads. The flap 
was designed in the non-weight-bearing area of the medial 
plantar area behind the metatarsal heads on both sides of the 
axis line, and the flap size was slightly larger than the wound 
surface by about 0.5 cm². (II) Flap excision: an arc-shaped 
incision was made along the axis below the posterior aspect 
of the malleolus medialis. Next, the skin and subcutaneous 
tissue were dissected. If the posterior tibial artery, vein, and 
nerve were identified, dissection was performed gradually 
along the neurovascular bundle until the beginning of the 
abductor pollicis was exposed. Otherwise, it will lead to 
necrosis of the flap and failure of the operation. Dissection 
was performed from the beginning of the abductor 
pollicis, and the abductor pollicis was opened to expose the 
neurovascular bundle of the medial plantar. The flap was 
incised from the distal end and sides of the designed flap 
using the two-sided meeting method. Subsequently, the flap 
was excised from the plantar fascia, and the distal end of 
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the medial plantar artery was incised and ligated. After flap 
excision, the cutaneous branch of the medial plantar nerve 
entering the flap was separated from the superior bundle 
of the medial plantar nerve trunk along the medial plantar 
artery and nerve bundle to the required length which is the 
distance from the rotation point to the ulcer wound. The 
separation was based on a distal to proximal sequence until 
the desired flap and tip were completely separated. (III) 
Wound treatment: an open or concealed channel of the flap 
was used to cover the heel wound with tension-free sutures. 
After complete hemostasis of the donor site, the abductor 
pollicis was repaired, and the wound was closed. In addition, 
after partial removal of the metatarsal fascia, the donor flap 
site was grafted with the full-thickness skin grafting method.

SNNAIF
(I) Flap design: the point approximately 4 to 6 cm above 
the posterior aspect of the lateral malleolus was set as the 
perforating point. Preoperative CTA or DSA and Doppler 
ultrasonography was used to show that the flap rotation 
point was the perforating point. The line from the midpoint 
of the Achilles tendon and the lateral malleolus to the 
midpoint of the popliteal fossa was set as the axis line, and 
the flap was designed in an inverted water-droplet shape 
according to wound size. The distance from the rotation 
point to the most distal end of the flap was slightly greater 
than the distance from the rotation point to the most distal 
point of the wound. Moreover, the flap area was greater 
than the wound by approximately 1 cm2. (II) Flap excision: 
we first dissected along the anterolateral aspect of the flap 
tip to the deep fascia. Next, the peroneal artery septal 
perforating branches between the tendon of the peroneus 
brevis and longus and the musculi soleus were explored. 
The diameter of the perforating branch was approximately 
1.2 mm. After determining the perforating branches, the 
proximal arc of the flap was incised to reveal the sural nerve 
and the small saphenous vein. During this procedure, the 
position and axis of the flap could be adjusted according to 
the location of the sural nerve and the small saphenous vein, 
so as to ensure that the sural nerve is located on the central 
axis of the flap. Subsequently, the anterior and posterior 
sides of the flap were excised, and the flap was completely 
separated from the deep fascial layer. The fascial tip of 
the flap, with a width of approximately 3 cm, and a part 
of the dermal tip were preserved while ensuring that the 
peroneal nerve was contained within the flap. A triangular 

rotating flap with a subdermal vascular network was excised 
along the distal end of the rotation point to reduce tension 
on the tip of the flap after rotation and to prevent cat 
ear deformity. (III) Wound treatment: the heel ulcer was 
covered via an open or concealed channel, and the donor 
area was repaired with direct sutures or skin grafting.

Postoperative management

Patients were advised to take bed rest for 1 week after 
surgery to prevent pressure on the flap. The flap was kept 
warm with a heating lamp. In addition, the affected limb 
was elevated to promote flap reflux and reduce postoperative 
flap swelling. Anti-inflammatory, anticoagulant and 
antispasmodic treatment is needed after operation, and 
attention should be paid to controlling blood glucose, 
detecting liver and kidney function and supplementing 
albumin, and the flap blood supply was closely monitored. 
Generally, the flap was at risk of swelling during the 24 to 
72 hours after surgery. If swelling occurred, a few stitches 
could be removed to relieve it. Wound status, particularly 
the nature of the exudate, was closely observed, and change 
the dressing every day if necessary. The donor site dressing 
was removed 1 week after surgery to observe flap survival. 
The stitches were removed 3 weeks after surgery, and the 
patient was instructed to do functional exercise, including 
active and passive flexion and extension of the ankle joint.

Results

All MPIFs and 6 SNNAIFs survived completely after 
surgery. Meanwhile, 1 SNNAIF had partial necrosis at the 
distal end of the flap. However, it healed after debridement 
and dressing changes. In total, 5 of 12 flaps presented with 
wound ooze, and they eventually healed after approximately 
1 month of dressing changes. All 12 flaps were followed 
up for 6 to 12 months, with a mean follow-up duration of 
10 months. All flaps had a soft texture, and their shape was 
satisfactory. In 2 cases, SNNAIFs re-ruptured 8 months after 
surgery. However, they healed after dressing changes and 
weight-bearing reduction. During the 10-month follow-up, 5 
patients who underwent MPIF repair had satisfactory sensory 
recovery because of carrying the medial plantar cutaneous 
nerves. However, 7 patients who underwent SNNAIF repair 
had poor sensory recovery. All patients had good activities of 
ankle dorsiflexion and plantar flexion.
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Typical cases

Case 1
A 55-year-old male patient with a 17-year history of 
diabetes and poor glycemic control was admitted to The 
Second Affiliated Hospital of Soochow University because 
he had been experiencing soft tissue rupture and exudate on 
the right heel for more than 3 months. Physical examination 
revealed a chronic ulcer measuring approximately  
4 cm × 4 cm and a small volume of exudate on the right heel 
wound. Upon admission, the patient received aggressive 

glycemic control and anti-infection treatments. In stage 
I, the patient underwent debridement, dilation, and bone 
cement filling. In stage II, after wound debridement, the 
patient underwent MPIF repair. The flap healed completely 
after surgery. At the follow-up 10 months later, it had a soft 
texture, satisfactory function, and did not rupture (Figure 1).

Case 2
A 56-year-old female patient with a 12-year history of 
diabetes and poor glycemic control was admitted to 

Figure 1 Case 1. (A) Diabetic foot ulcer in the right heel; (B) after ulcer debridement and bone cement filling; (C) design of the antegrade 
island flap on the medial side of the right plantar; (D) flap lifting during surgery; (E) appearance at the end of surgery; (F) postoperative 
appearance during the 10-month follow-up. 
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The Second Affiliated Hospital of Soochow University 
because she had been experiencing soft tissue rupture 
and exudate on the left heel for more than 2 months. 
Physical examination revealed a chronic ulcer measuring  
6 cm × 6 cm, soft tissue skin necrosis, crusting, odor, and 
exudate on the left heel wound. Upon admission, the 
patient received aggressive glycemic control treatment. In 
stage I, the patient underwent debridement, dilation, and 
bone cement filling. In stage II, after wound debridement, 
the patient underwent SNNAIF repair. The flap healed 

completely after surgery. At the follow-up 10 months later, 
it had a soft texture, satisfactory function, and did not 
rupture (Figure 2).

Discussion 

Characteristics of DFU in the heel and its treatment 
peculiarities

Diabetes is one of the four most threatening chronic 
diseases to human health, and DFU are among its serious 
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Figure 2 Case 2. (A) Diabetic foot ulcer in the left heel; (B) after ulcer debridement and bone cement filling; (C) design of the sural 
neurocutaneous island flap on the right leg; (D) flap covering the wound; (E) the flap survived completely 2 weeks after surgery; (F) 
postoperative appearance during the 10-month follow-up.
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complications and are a major cause of amputation (8,9). 
Neuropathy, lower limb vasculopathy, and infection are 
the three main factors leading to the development of 
DFU (10). The heel is an area under high pressure and is 
therefore susceptible to pressure injury. Such an injury can 
lead to ulceration, and neuropathy in patients with diabetes 
can easily lead to sensory impairment in the heel. The 
capillaries in the heel are at risk of occlusion due to diabetic 
triggers, and the ulcer is more difficult to heal because of 
tissue ischemia. The thick cuticle and the loose tissues such 
as fat pads underneath the cuticle result in poor resistance 
to infection in the heel tissues. DF heel ulcers are common 
and persistent. If an ulcer has formed on the heel, it often 
leads to osteomyelitis on the calcaneus owing to its long 
course. In prolonged walking conditions, it can lead to 
calcaneal fractures and even amputation.

DF heel ulcers have certain peculiarities in terms of 
repair compared with ordinary chronic ulcers. First, due 
to vasculopathy among patients with diabetes, treatments 
for DF ulcers mainly include skin grafting and minor 
amputation to form a filleted flap for wound repair. 
However, as skin grafting is not wear-resistant and is at risk 
of rupture, and the wound of the heel cannot be repaired 
by a filleted flap because the calcaneus cannot be removed. 
Therefore, patients can only receive higher-risk therapies, 
such as island flap repair and free skin flap repair (11). In 
addition, due to poor peripheral blood supply to the foot in 
patients with DF, the trunk vessels of the lower leg or foot 
cannot be injured in ulcer repair. Carrying a trunk vessel 
will result in a higher flap survival rate. However, it will 
inevitably affect the blood supply to the foot and accelerate 
DF progression. Therefore, the treatment modality can 
only be based on the use of a perforator flap, with limited 
repair options and greater treatment difficulty. In view of 
the special characteristics of the heel skin and the weight-
bearing function of the heel, carrying the sensory nerves 
during flap repair of heel ulcers can prevent pressure 
damage to the greatest extent possible. Furthermore, as 
patients with diabetes cannot tolerate multiple procedures, 
flaps with a high survival rate should be selected to 
maximize success. Doing so can prevent the wound from 
growing and iatrogenic injury following a second surgery. 

Advantages and disadvantages of the two different types of 
island flaps for the repair of DF heel ulcers

In terms of repair therapy for DF heel ulcers, the operative 
time should be kept as short as possible owing to the high 

number of comorbidities and the risk of anesthesia for 
patients undergoing surgery. With unobstructed vascular 
status, based on our clinical experience, the island flap is 
safer than the free skin flap, has a shorter operative time, 
and does not require strong microsurgical skills. Therefore, 
it is more applicable in primary hospitals. The island flap 
includes the prograde and retrograde forms. In our clinical 
practice, the flaps suitable for DF heel ulcer repair are 
MPIF (prograde form) and SNNAIF (retrograde form), 
each of which has its own advantages and disadvantages in 
clinical application. MPIF is mainly used to repair skin and 
soft tissue defects of heel and forefoot. It has been widely 
used in clinic. However, there are few reports about the 
repair of DF heel ulcers. The advantages of MPIF repair 
are as follows: first, the survival rate of flaps supplied with 
blood by the medial plantar artery is higher. Second, since 
the donor site is the medial non-weight-bearing area of the 
plantar foot, surgery does not affect the walking function 
of the foot. Third, as the blood to the forefoot is mainly 
supplied by the arteria dorsalis pedis and the lateral plantar 
artery, the flap pedicled with medial plantar artery had no 
effect on the blood supply of forefoot. Fourth, this type 
of repair allows the flap to carry the cutaneous branch of 
the medial plantar nerve to repair sensation in the heel. 
Therefore, it can be ideal for DF heel ulcer repair (12,13). 
The disadvantages of the MPIF repair are as follows: first, 
due to the limited excision area (usually no more than  
8 cm × 4 cm) (14), this type of repair therapy is restricted in 
larger ulcers. Second, the donor site requires skin grafting 
after excision, and there is a risk of skin graft necrosis. 
Third, DF is commonly accompanied by vascular diseases 
that are more likely to result in posterior tibial artery 
occlusion, which is a contraindication to MPIF repair. 

In addition, the SNNAIF flap is most commonly used 
for the clinical repair of heel wounds (15,16). Its blood is 
supplied by the anastomotic branches between the most 
distal septal perforating branch of the peroneal artery and 
the sural nerve nutrition blood vessel. The advantages of 
SNNAIF repair are as follows: first, the perforating branch 
is relatively constant. The flap is simple to excise and has 
a high survival rate. Moreover, it can be excised to a large 
extent (up to the upper middle of the calf) and can repair 
large heel wounds. Second, peroneal artery occlusion in the 
lower limb often occurs later than posterior and anterior 
tibial artery occlusion in patients with DF. Thus, SNNAIF 
has a reliable blood supply and is ideal for DF heel ulcer 
repair. Third, SNNAIF is a perforating flap, which does 
not damage the main blood vessels and can decrease the 
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impact of blood supply to the DF. The disadvantages of 
SNNAIF repair are as follows: first, a SNNAIF may slip 
under external force and has poor wear resistance. Second, 
difficulty in anastomosing the cutaneous nerve with 
SNNAIF may result in poorer sensory recovery and the risk 
of recurrent rupture. Third, loss of lateral foot sensation 
after surgery may increase the risk of lateral foot skin 
rupture in patients with DFU. 

Selection of two different types of island flaps and relevant 
considerations

These experiences can be used for reference in repairing 
DF heel ulcers with MPIF s and SNNAIFs. The choice of 
flap mainly depends on the patency of blood supply vessels 
of corresponding flap and the size of heel ulcer. First, 
preoperative preparation, including blood glucose control 
treatment and osteomyelitis classification (particularly based 
on the patency of the lower limb vessels), is important. If 
necessary, CTA or DSA can be performed to validate the 
patency of the anterior and posterior tibial vessels and 
peroneal artery. In patients with DF who present with 
uremia and who cannot undergo angiography, SNNAIF 
may be selected for wound repair as the peroneal artery 
may be the last vessel to be occluded, and MPIF is not 
recommended. Second, if the posterior tibial and peroneal 
arteries are patent, MPIF is recommended to repair small 
wounds in the heel because MPIF can carry the cutaneous 
branch of medial foot nerve, it can better restore the feeling 
of heel after operation. The flap excision site must be 
located in the arch area behind the weight-bearing area of 
the first metatarsal head to prevent affecting the weight-
bearing function of the foot after flap excision. Only the 
dermal nerve entering the flap should be retained to avoid 
damage to the sensory nerve bundle innervating the ventral 
part of the first and second toes of the foot. Due to the 
numerous vertical fibers in the heel, the subcutaneous tissue 
is less mobile, and in the process of transferring the flap, 
the subcutaneous tunnel may compress the neurovascular 
bundle. In this case, the skin can be cut to ensure the blood 
supply of the flap. In donor site repair, a part of the plantar 
fascia must be removed to ensure skin graft survival. Third, 
in cases where CTA or DSA indicates occlusion or severe 
stenosis of the posterior tibial vessels or a large heel wound, 
the MPIF area may exceed the non-weight-bearing area 
of the medial foot. Therefore, SNNAIF is an ideal option 
for repairing this type of wound. In addition, the septal 
perforating branch (which is located 4 to 6 cm above the 

posterior aspect of the lateral malleolus and has some 
variations) of the peroneal artery should be repositioned 
via Doppler ultrasonography before excision. The rotation 
point of the flap should be adjusted according to the 
perforating point to prevent damage to the perforating 
branch. Intraoperative ligation of the small saphenous vein 
with the distal tip prevents venous blood backflow and 
reduces postoperative flap swelling. At the distal end of the 
rotation point, a triangular subdermal vascular network 
can eliminate the cat ear deformity caused by island flap 
rotation.

In conclusion, the selection of an appropriate flap repair 
therapy is the prerequisite for effectively treating chronic 
DF heel ulcers. Due to poor vascular conditions among 
patients with diabetes, the available flap repair options are 
limited. According to current data, the MPIF and SNNAIF 
have a high survival rate. These two types of flaps have their 
own scopes of application and advantages and disadvantages. 
Therefore, a comprehensive assessment is required to select 
the best repair therapy for each patient. Our proposal is 
that if the medial plantar artery is unobstructed and the 
heel ulcer is small, MPIF is the first choice for the repair of 
diabetic foot heel ulcer. For the heel larger ulcer, posterior 
tibial artery occlusion, peroneal artery blood flow patency, 
SNNAIF covering the wound is safer. The deficiency of this 
study is that the sample size of clinical control study is too 
small. In the future, we need to further accumulate cases 
and improve the statistical analysis of postoperative data.
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