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Abstract
Purpose: The aim of the soft tissue reconstruction of plantar forefoot should yield weight-bearing function and aesthetic contour,
which poses a significant challenge for reconstructive surgeons to provide an appropriate flap according to the “like for like”
reconstructive principle. Local flaps and pedicled flaps have been described for the reconstruction of small- to medium-sized defects
of plantar forefoot and achieved optimal results. However, reconstruction of extensive defects of plantar forefoot is rarely investigated.
In this study, we present our experience using the free anterolateral thigh (ALT) flap in the reconstruction of extensive defects of
plantar forefoot.

Methods:Between November 2011 and April 2017, 9 patients were treated for extensive soft tissue defects in the plantar forefoot
areas with ALT flaps. The mean age at the time of surgery was 39.3 years (range, 25–64 years).

Results:The follow-up period ranged from 12 to 77months, with amean of 31months. All flaps survived well, and the patients were
satisfied with the aesthetic and functional results. The size of the flaps ranged from 63 to 455cm2, with a mean of 197.7cm2. Seven
patients with no bony involvement began to gradually weight-bear at 3 weeks postoperatively. During the follow-up time,
postoperative ulceration at the reconstructed weight-bearing areas was not encountered.

Conclusion: The ALT flap is a reliable option for treatment of extensive defects of plantar forefoot, resulting in an optimal functional
and aesthetic outcome. Even when a total plantar loss exits, excellent results can be achieved.

Abbreviations: ALT = free anterolateral thigh, FTSG = full-thickness skin graft.
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1. Introduction

The plantar forefoot is a vital weight-bearing area that allows
humans to stand up and walk.[1] The specialized histological
features of plantar forefoot provide the non-shearing and
padding properties, which make it quite resistant and strong.[2]

These anatomic and functional characteristics are unique for the
sole of forefoot and its amputation has a severely adverse effect
on weight-bearing and normal gait.[3] Therefore, the reconstruc-
tive surgeons face great difficulties to repair the complex skin and
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soft tissue defects of the plantar forefoot caused by various
traumas, scar removal, or tumor resection. The ideal reconstruc-
tion of the plantar forefoot should restore weight-bearing
function successfully in daily activities and appropriate contour
to wear normal shoes.
Conventional local flaps or pedicled flaps from the non-weight-

bearing area, such as instep flaps, can be used to achieve optimal
reconstruction of the plantar forefoot, leading to excellent
functional, and aesthetic results.[4–6] However, they are limited to
small- to medium-sized defects. For larger and extensive soft
tissue defects of plantar forefoot, microvascular flap reconstruc-
tion is required. In various microvascular flaps, skin-grafted
muscle flaps, and fasciocutaneous flaps are the main reconstruc-
tive options for sole defects, but controversy remains.[7–12] These
free flaps also have their limitations, such as high ulceration rates,
significant donor site morbidity, and flap instability. Moreover,
the studies involving the reconstruction of extensive defects of
plantar forefoot are rare.
The free anterolateral thigh (ALT) flap, first introduced by

Song et al,[13] is a reliable and versatile method for soft-tissue
coverage of ankle and foot.[14,15] It has many attracting
advantages for soft tissue reconstruction, including the long
vascular pedicle, sufficient diameter for microanastomosis, large
bulk for coverage, and minimal donor site morbidity. Therefore,
this flap has great potential for the soft tissue reconstruction of
massive defects of plantar forefoot with good characteristics
different from those of skin-grafted muscle and fasciocutaneous
flaps. So far, to our knowledge, the soft tissue reconstruction of
plantar forefoot using an ALT flap has not been investigated in
detail. The goal of this study is to evaluate the use of ALT flap for
the reconstruction of extensive defects of the plantar forefoot
with a long follow-up and present our clinical experience.
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2. Patients and methods

Our study was approved by the Ethics Committee of the First
Hospital of Jilin University and all patients involved in this work
providedwritten informed consent. FromNovember 2011 toApril
2017, 9 patients with extensive plantar forefoot defects were
treated with ALT flaps. Seven of all patients were male, and the
other 2 patients were female. The mean age at the time of surgery
was 39.3 years (range, 25–64 years). The massive defects were
secondary to trauma in eight cases involving weight-bearing area
defects, and unstable scar in 1 case. Eight of the cases were plantar
forefoot defects and the remaining one was the total defect of
plantar foot. Patient characteristics are presented in Table 1.
Preoperative evaluations were performed for every patient,

including the size and location of defects, simple radiographs of
the injured foot, and Doppler mapping. Thorough debridement
was carried out for all wounds. To avoid secondary infection, we
used vacuum-assisted closure for the acute trauma, and
subsequent reconstruction of soft tissue defects was performed
using an ALT flap. The flap was raised in the manner described in
previous studies.[15,16] The exploration and dissection of the
recipient vessels were completed before the elevation of flaps
intraoperatively. Bone fixation was done using k-wires at the time
of initial debridement. After transfer, the donor sites were closed
through primary closure or full-thickness skin graft (FTSG).
Low-molecular-weight heparin calcium was administrated

subcutaneously for anticoagulation for 3 days postoperatively.
The flaps were monitored subjectively, and the flap color,
capillary refill, and temperature were observed closely in order to
predict any changes in flap condition. Patients with no associated
fracture were permitted to gradually weight-bear on the flap with
crutches at 3 weeks postoperatively. When required, the flap
debulking was carried out 4 months after the initial surgery.
During the follow-up period, functional and aesthetic out-

comes were evaluated by way of donor-site complications, flap
contour, ulcer formation, sensory recovery, flap stability, and the
possibility of return to normal footwear. Light touch, pinprick,
and deep pressure were examined to evaluate the sensibility of the
flap. In our scoring system of sensibility, 1 point was awarded for
every positive result in each test. Therefore, sensibility in a flap
was regarded as good with a score of 3 points, fair with 2 points,
and poor with 1 point. Sensory recovery was also assessed by
2-point discrimination. The soft-tissue stability of the flap was
classified into 4 types: no soft-tissue breakdown was regarded as
excellent; only occasional, rapidly healing breakdown as good;
more frequent or slower healing but superficial breakdown as
fair; constant deep ulceration as poor.
Table 1

Patient characteristics.

Case Age (yr) Sex Etiology

1 25 Male Trauma
2 26 Male Trauma
3 41 Male Trauma T
4 31 Male Trauma
5 64 Male Trauma
6 48 Male Unstable scar, previous trauma
7 35 Female Trauma
8 32 Female Trauma
9 52 Male Trauma

The total right plantar foot means the plantar forefoot, midfoot, and hindfoot of the right foot.
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3. Results

Follow-up period of the 9 patients ranged from 12 to 77 months,
with a mean of 31 months; all flaps survived well. The size of the
flaps ranged from 63 to 455cm2, with a mean of 197.7cm2. In
artery anastomosis, “end-to-end” fashion was used in 4 patients.
The “end-to-side” technique was applied in the other 5 patients.
The recipient artery used was either dorsalis pedis artery (4 cases)
or posterior tibial artery (5 cases). The recipient veins of 5
patients were posterior tibial vein and great saphenous vein, and
those of the other 4 cases were great saphenous vein and an
accompanying vein of the artery.
Closure of the donor site depended on skin laxity, and primary

closure was achieved in 2 cases (Table 2). However, donor sites
were covered with FTSG in 7 cases. Patients did not have
significant problems with the donor sites, such as dehiscence and
partial skin grafting necrosis. However, the donor site of 1 patient
produced hypertrophic scar. During the follow-up, 5 patients
received debulking operation so that they were able to wear
normal shoes. Intraoperative and postoperative characteristics
are presented in Table 3.
Seven patients with no bony involvement began to gradually

weight-bear at 3 weeks postoperatively. However, 2 patients were
permitted to partiallyweight-bear at the sixthweek after soft tissue
reconstruction due to the fractures of themetatarsal bones. During
the entire follow-up period, postoperative ulceration at the
reconstructed weight-bearing areas was not encountered. Sensory
recovery was evaluated for the flaps without debulking procedure
at 12 months after reconstruction, and those with debulking
procedure at 12months after debulking surgery. According to our
scoring classification, the sensibility of 4 flaps was graded as good,
5 flaps as fair. The stability of 3 flaps was graded as excellent, 4 as
good, and the remaining 2 as fair. Two-point discrimination of
these flaps was not detected obviously. As shown in Table 4, the
satisfying sensory recoverymight contribute to the good soft-tissue
stability of the flap. All the patients were satisfied with the
functional and aesthetic results.
4. Case reports

4.1. Case 1

A 26-year-old male patient (case number 2 in Table 1) presented
with a necrotic wound on the right forefoot, which had developed
as a result of crushing injury of his right foot. After soft tissue
debridement, k-wires were used to fix the fractures of the first and
second metatarsal bones. The size of defect was 18�10cm2, and
an ALT flap measuring 22�12cm2 was applied to repair the
Defect Location Defect Size (cm2) Follow-up Time (mo)

Right plantar forefoot 10�8 32
Right plantar forefoot 18�10 18

he total right plantar foot 30�11 25
Left plantar forefoot 20�9 77
Right plantar forefoot 13�7 12
Right plantar forefoot 8�6 36
Left plantar forefoot 19�8 40
Right plantar forefoot 10�7 25
Left plantar forefoot 17�8 21



Table 2

Aesthetic outcome.

Aesthetic Outcome Percentages

Donor Site
Primary Closure 22%
Skin Graft 78%
Hypertrophic Scar 11%

Recipient Site
Flap Bulkiness 56%

Table 4

Correspondence between sensation and stability of the flaps.

Sensory Recovery

Stability Good Fair

Excellent 3
Good 1 3
Fair 2
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area. FTSG was performed for the donor site. The arterial
anastomosis was carried out through “end-to-side” fashion onto
the posterior tibial artery, and the recipient veins included
posterior tibial vein and great saphenous vein. The flap survived
completely, and the outcomes were satisfactory (Fig. 1).

4.2. Case 2

A 41-year-old male patient (case number 3 in Table 1) sustained a
degloving injury to his right foot with a massive defect of the
dorsal and plantar foot after a vehicle accident. In the initial
surgery, the degloved skin was thinned to full-thickness skin to
graft in situ after thorough debridement. After another 2
debridement procedures, we observed that the skin grafting of
Table 3

Intraoperative and postoperative characteristics.

Case
Flap size
(cm2)

Flap from ipsilateral
or contralateral foot

Recipient
artery

Arterial anastomo
fashion

1 12�10 Ipsilateral DPA End-to-end fashio
2 22�12 Ipsilateral PTA End-to-side fashio
3 35�13 Contralateral PTA End-to-side fashio
4 23�11 Ipsilateral PTA End-to-side fashio
5 15�8 Contralateral DPA End-to-end fashio
6 9�7 Contralateral DPA End-to-end fashio
7 21�10 Contralateral PTA End-to-side fashio
8 13�8 Contralateral DPA End-to-end fashio
9 19�10 Ipsilateral PTA End-to-side fashio

DPA=dorsalis pedis artery, DPV=dorsalis pedis vein, FTSG= full-thickness skin graft, GSV=great sap

Figure 1. The patient in case 1. Preoperative photographs of extensive soft tissue n
anterolateral thigh flap (C); the elevated free anterolateral thigh flap was used to cov
follow-up with healed soft tissue envelope (G and H).
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the dorsal foot almost completely survived. However, the plantar
skin grafting was entirely lost, which resulted in a 30�11cm2

size of plantar defect. To cover the total defect of plantar foot, an
extended ALT flap measuring 35�13cm2 was chosen to
reconstruct the total sole, including all weight-bearing zones.
To the best of our knowledge, we firstly reported the soft tissue
reconstruction of the total plantar foot with an ALT flap. FTSG
was used to cover the donor site. The arterial anastomosis was
completed through “end-to-side” fashion onto the posterior
tibial artery, and the recipient veins consisted of posterior tibial
vein and great saphenous vein. The donor site and the flap
survived well. The patient was quite content with the contour and
was able to ambulate in normal shoes after debulking procedures.
Moreover, no ulceration occurred over the weight-bearing areas
during a 25 month follow-up (Fig. 2).
sis Recipient
vein

Donor site
closure

Debulking
operation

Delayed
ulceration

Normal
shoes

n GSV and DPV FTSG Yes None Yes
n PTV and GSV FTSG Yes None Yes
n PTV and GSV FTSG Yes None Yes
n PTV and GSV FTSG Yes None Yes
n GSV and DPV FTSG No None Yes
n GSV and DPV PC No None Yes
n PTV and GSV FTSG Yes None Yes
n GSV and DPV PC No None Yes
n PTV and GSV FTSG No None Yes

henous vein, PC=primary closure, PTA=posterior tibial artery, PTV=posterior tibial vein.

ecrosis of forefoot (A and B); intraoperative photograph after elevation of the free
er the defect (D); early postoperative photographs of the flap (E and F); 4 month
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Figure 2. The patient in case 2. Preoperative photographs of the degloved foot (A and B); intraoperative photographs of skin grafting in situ (C and D); postoperative
photographs of skin grafting (E and F); intraoperative photograph after elevation of the ALT flap (G); the elevated ALT flap was applied to cover the defect (H); 25
month follow-up with healed soft tissue envelope (I to L).
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5. Discussion

Obviously, the optimal reconstruction of any defect should result
in the best functional and morphological outcomes, with donor-
zone morbidity kept to a minimum. In forefoot weight-bearing
areas, including the first and fifth metatarsal heads, extraordinary
stability, and mechanical resistance are important characteristics
of the plantar skin.[17,18] The ideal technique for plantar forefoot
reconstruction should provide a comfortable and durable weight-
bearing surface, and allow the patient to ambulate in normal
footwear.[19] However, it remains difficult and challenging for
plastic surgeons to reconstruct the plantar forefoot, as the unique
histological and weight-bearing properties of the forefoot is
almost impossible to replace.[20] Now, no intensive study is
performed on the reconstruction of plantar forefoot.
To achieve the reconstructive principle of replacing “like with

like”, instep flaps from the non-weight-bearing instep area are
still the popularity in small- to medium-sized soft tissue
reconstruction of the plantar forefoot because of their simple
surgical procedures and short operation time.[17,18,21] They can
be elevated as pedicled flaps,[4,5,6] or free flaps,[22] and contain the
same anatomical properties that are unique to the plantar skin.
However, when local tissues are injured or when the defect of the
plantar forefoot is extensive or is associated with complicated
fractures or severe chronic infection, microsurgical free-tissue
transfer should be considered as a requirement for limb salvage.
In various free-tissue transfers, skin-grafted muscle flaps and
fasciocutaneous flaps are the main reconstructive options.[23]

Though there were some optimal results for free skin-grafted
muscle flaps, functional impairment, high ulceration rates, and
absence of sensation were not satisfactory.[23–25] On the other
hand, free fasciocutaneous flaps, such as radial forearm flaps,
could provide superior aesthetic results and neurotized tissue.[26]

However, some disadvantages of these flaps have emerged, such
4

as significant donor site morbidity and flap instability resulting
from high modulus of shear.[2] Therefore, the optimal recon-
structive solution of the plantar forefoot is highly desired. To the
best of our knowledge, this is the largest series of free ALT flap for
reconstruction of plantar forefoot defects in the literature, which
led to excellent functional and aesthetic outcomes.
Since the emergence of the ALT flap, it has served as an

important technique to reconstruct various soft tissue defects,
leading to superior functional, and aesthetic results.[16] More-
over, this flap is considered as a reliable and durable flap for the
reconstruction of defects of ankle and foot.[14,15,27,28]

The ALT flap is described as a perforator flap in the literature,
and it can be raised as a thin skin flap or elevated as a
myocutaneous flap to obliterate dead space.[19] The main
perforators of the ALT flap originate from the descending
branch of the lateral circumflex femoral artery. Moreover, most
of these perforators are observed to exit primarily within a 5-cm-
diameter circle centered at the midpoint of the line between
anterior superior iliac crest and the superolateral border of the
patella.[29,30] In our series, the perforators of flaps were located
preoperatively using a handheld Doppler probe, which has
adequate sensitivity for perforator location in our experience.
The main advantage of the ALT flap for the reconstruction of

massive defects of the plantar forefoot is its versatility in design.
We feel that a well-cushioned reconstruction is necessary to
prevent breakdown over the underlying weight-bearing zones
and allow the patient to walk barefoot without special shoes. In
addition, Hollenbeck et al found that thinned flaps could be at
increased risk of breakdown with respect to the weight-bearing
subunits of the foot.[31] Saint-Cyr et al also argued that primary
thinning should not be carried out in the extended ALT flap
elevating so as to avoid flap failure.[32] Based on these reasons,
primary thinning was not performed in all of the flaps in our
study, and all flaps survived well. However, secondary flap
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thinning may be required after the reconstructive surgery, which
is the disadvantage of our study. In our series, 5 patients
underwent the debulking procedures, and the final functional and
aesthetic results of flaps were satisfactory.
Vacuum-assisted closure was performed for acute wounds in

our series, which was not only a treatment for a wound, but also
offered a bridge for a safe reconstruction surgery in a more stable
patient.[33] Appropriate antibiotics were administered concomi-
tantly. When the wounds were clear and no significant
inflammatory and necrotic tissues existed, the reconstructive
procedures were performed. All of the flaps survived well, and
there was no infection in the wounds perioperatively.
To reduce risk of thrombosis of recipient vessels during the free

flap transfer, microvascular anastomosis should be performed
outside of the injured zones.[28] Furthermore, recipient vessel
selection is also vital to avoid free flap failure.[34] Many authors
suggested that the venous return of flap was maintained well with
only 1 accompanying vein anastomosis.[35,36] In our cases, since
the ALT flaps were large, the 2 recipient veins, including great
saphenous vein and an accompanying vein of the artery, were
chosen for anastomosis to avoid congestion of the flap and
postoperative complications. No flap congestion occurred
postoperatively using this anastomosis method in our series.
No serious postoperative complications occurred in our cases.

The donor site was directly closed or repaired using FTSG. Skin
grafting the donor site has some complications, which are
generally associated with pitting shape, worse scarring, numb-
ness and a higher rate of limitation in the knee range of motion. It
was reported that an anteromedial thigh perforator flap could be
used to repair the ALT free flap donor site, resulting in the good
appearance of the donor site and avoiding the limitation of
activities of the knee.[37,38] Therefore, this anteromedial thigh
perforator flap can be used as an alternative to skin grafting.
Though the donor site scar appeared on the anterolateral thigh in
our study, this was considered acceptable and negligible when
compared with salvage reconstruction of the plantar forefoot.
Some serious organic diseases, such as diabetes, may affect the
hemodynamics of the distal limbs and cause poor blood
microcirculation, which may lead to the decline of flap survival
rate. Despite various advantages of this flap, this study has some
limitations, such as the relatively small number of patients
and the lack of investigation on sensory nerve coaptation of the
ALT flap. Previous studies have highlighted the fact that there
was no significant difference among flaps with or without sensory
nerve coaptation regarding sensory recovery and postoperative
ulceration rate.[2,19,24,39] In this study, the sensory nerve
reconstruction of all flaps was not performed. However, of note
is the fact that the sensory recovery in our study was achieved at
12 months postoperatively, which was sufficient to maintain the
soft-tissue stability of flaps. Moreover, during the follow-up
period, no patient was afflicted by ulceration on the weight-
bearing zones of all flaps.
6. Conclusion

In conclusion, in the soft-tissue reconstruction of the plantar
forefoot, including the weight-bearing surfaces, each patient
should be evaluated individually. An ALT flap can be used to
reconstruct quite extensive defects of the plantar forefoot, and
even total plantar loss, leading to excellent functional and
aesthetic results. Therefore, reconstruction of the plantar forefoot
5

region using an ALT flap is thought to be a satisfactory and
valuable option.
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