Fasciocutaneous Flap Choices to
Treat Dorsal Surface of Foot Defects

Ayak Dorsalindeki Yumusak Doku Defektlerinin Onarimi / Treatment of Dorsal Surface of Foot Defects

Celalettin Sever, Yal¢in Kulahci, Sinan Oksuz, Fatih Uygur
Department of Plastic and Reconstructive Surgery and Burn Unit,

Gilhane Military Medical Academy and Medical Faculty, Haydarpasa Training Hospital, Istanbul, Turkey

Ozet

Amag: Ayak ve ayak bileginde bulunan yumusak doku defektlerinde tendon ve
kemikler ekspose olmus ise bu defektler lokal veya serbest flepler ile onaril-
malidir. Son yillarda ayak ve ayak bilegindeki defektlerin onarilmasi icin fas-
yokutan flepler sikca kullaniimaya baglanmistir. Ancak, bu fleplere ait olan
komplikasyonlara literatiirlerde nadir olarak rastlanmaktadir. Gereg ve Yon-
tem: 2005 ve 2010 yillari arasinda klinigimizde toplam 20 hastanin ayak dor-
sumunda bulunan yumusak doku defektleri distal tabanl lateral supramalleo-
lar flep, distal tabanli ylizeyel sural arter ada flebi ve torakodorsal perforator
arter flebi kullanilarak onarildi. Bu klinik calismada uygulanan tim fasyokutan
flepler cerrahi teknik ve komplikasyonlari agisindan degerlendirildi. Bulgular:

Ayak dorsumunda bulunan yumusak doku defektlerinin onariimasinda en iyi
fonksiyonel ve kozmetik sonucun torakodorsal perforator arter flebi ile teda-
vi edilen hastalarda oldugu degerlendirildi. Sonug: Torakodorsal perforator
arter flebinin diger fleplerle karsilastirildiginda daha uzun bir pedikiilii oldu-
8u ve ayak dorsumu defektleri icin en uygun anatomik &zelligi tasidigi goriil-
dui. Torakodorsal perforatér arter flebi hem kalinligi hem de biiyiikligi agisin-
dan ayak dorsumunda bulunan yumusak doku defektlerinin tedavisinde ter-
cih edilmelidir.
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Abstract

Aim: Defects of the foot and ankle with exposed tendons or bone require
either local or free flap coverage. Several publications in recent years have
proven popularity of fasciocutaneous flaps for the coverage of defects of the
foot and ankle. However, complications of these flaps are being discussed
rarely in literatures. Material and Method: We used distally based superficial
sural artery island flaps, distally based lateral supramalleolar flaps and free
thoracodorsal artery perforator (TDAP) flaps for the reconstruction of dorsal
foot defects in 20 patients between 2005 and 2010. The surgical techniques
and complications for each of fasciocutaneous flaps are discussed. Result:
Better results were obtained with free TDAP flaps according to the other
fasciocutaneous flaps. Discussion: As compared to other flaps, the free TDAP
flap is a reliable flap with consistent anatomy and a long, constant pedicle di-
ameter. Its versatility, in which thickness and volume may be adjusted, leads

to a perfect match for reconstruction of dorsal foot defects.
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Introduction

Skin defects over the dorsal surface of the foot and ankle are
difficult to cover. These areas are easily susceptible to trauma
and are the site of numerous trophic problems (e.g., pressure
sores, chronic ulcers, and penetrating injuries). Several recon-
structive procedures have been selected for repair of these de-
fects, including local cutaneous flaps, pedicled fasciocutaneous
flaps, pedicled muscle flaps, and microsurgical flaps [1,2]. Each
procedure has its own advantages and disadvantages regard-
ing technical requirements, flap size, range of vascular pedicle,
and limitations of the patient’s local and general conditions. An
ideal resurfacing should be stable, thin and well contoured, able
to withstand friction caused by footwear and should allow good
tendon gliding. In addition, the flap chosen should be easy to ex-
ecute quickly with minimal discomfort to the patient and should
provide durable coverage for the defect.

Several publications in recent years have proven popularity of
superficial sural artery flaps and lateral supramalleolar flaps
for the coverage of defects of the foot and ankle. These flaps
can be raised easily and substituted for microsurgical flaps for
distal lower leg and foot and ankle reconstruction in certain cir-
cumstances. These flaps have advantages of certain degrees
of rotation, constant vascularity, and easy and quick elevation
and acceptable donor-site morbidity. However, some complica-
tions have been reported, such as flap congestion and partial
flap failure caused by inadequate venous return, complete flap
failure caused by torsion or compression of the wide and thick
adipofascial pedicle under subcutaneous tunnel, and donor site
morbidity [1-3]. Baumeister et al found an overall complication
rate of up to 59% in a realistic analysis of 70 flaps, which in-
cluded a broad patient group with and without comorbidities
[4].

The other reconstructive procedures for dorsal surface of the
foot and ankle defects are microsurgical free flaps. The trans-
fer of microsurgical free flaps may increase the blood supply

Tablel. The patient’s data

to compromised areas and provide coverage of exposed vital
tissues in one stage [5-8]. The free thoracodorsal artery perfo-
rator flaps [TDAP] are able to resurface defects of any size and
provide different types of tissue for reconstruction of composite
defects. To the best of our knowledge, there are a few reports
demonstrating the free TDAP flap for reconstruction of dorsal
surface of foot defects in literatures [9-11].

In this study, the surgical techniques and complication used in
our department to reconstruct soft tissue defects of the dorsal
surface of the foot and ankle for each of fasciocutaneous flaps
are discussed.

Material and Method

Between June of 2005 and November of 2010, 20 patients with
soft-tissue defects over the dorsum of the foot and ankle under-
went reconstruction using fasciocutaneous flaps. The defects
were respectively treated by 3 different repairing methods, 12
patients, underwent the reconstruction procedure using the dis-
tally based sural neurofasciocutaneous flap transfer. In 5 pa-
tients a lateral supramalleolar neurofasciocutaneous flap was
used. In addition, we performed 3 free TDAP flaps during this
period.

The length of the defect varied between 5 and 15 cm and the
width between 3 and 10 cm. The average age of the patients
was 31.3 years (ranged from 20 to 58 years). The causes of
soft-tissue defects included trauma in 5 patients, chronic ulcer
in 1 patient, unstable scar in 1 patient, tumor resection in 2
patients, and burn contracture in 11 patients.

Results

The patients’ data are shown in Table 1. Of the 20 patients, 12
underwent the repair with the coverage by distally based super-
ficial sural artery island flaps; 8 achieved a complete survival of
the flaps, 1 developed a complete necrosis, 2 developed partial
necrosis over the distal part, and one of them was treated suc-

Patients Age / Sex Etiology Flap Comorbidity Size of Defect Size of Flap Complication Follow- up
(cm) (cm) ( months)
1 21/M Trauma Sural neurofasciocutaneous flap ~ None 4X5 5X6 Partial necrosis 12
2 28 /M Burn contracture Sural neurofasciocutaneous flap ~ None 10X 11 11X 12 Partial loss of skin graft 7
3 58/M Tumor excision Sural neurofasciocutaneous flap ~ None 10X 10 11X 12 None 9
4 22/M Burn contracture Sural neurofasciocutaneous flap ~ None 8X8 10X 10 None 13
5 22/M Burn contracture Sural neurofasciocutaneous flap Smoking 10X 12 10X 13 Partial necrosis 13
6 22/M Burn contracture Sural neurofasciocutaneous flap ~ Smoking 8X 12 9X 14 ‘Wound dehisence 11
7 21/M Unstable scar Sural neurofasciocutaneous flap ~ None 4X5 45X6 None 12
8 23/M Burn contracture Sural neurofasciocutaneous flap ~ None 5X6 5X7 None 16
9 22/M Burn contracture Sural neurofasciocutaneous flap ~ None 9X13 9X 14 Partial loss of skin graft 10
10 32/M Tumor excision Sural neurofasciocutaneous flap ~ None 5X8 6X9 None 9
11 22/M Burn contracture Sural neurofasciocutaneous flap ~ None 5X10 6X11 None 12
12 22/M Burn contracture Sural neurofasciocutaneous flap Diabetes mellitus 8X13 9X 14 Total flap loss, Desquamation at 2
the donor site
13 26/ M Trauma Lateral supramalleolar flap None 5X8 6X9 None 6
14 21/M Trauma Lateral supramalleolar flap None 4X5 5X6 None 10
15 20/ M Chronic ulcer Lateral supramalleolar flap Smoking 3X5 4X5 Infection, partial flap loss 8
Partial loss of skin graft
16 20/M Burn contracture Lateral supramalleolar flap Smoking 4X5 5X6 Total flap loss 22
17 21/M Bumn contracture Lateral supramalleolar flap None 4X5 5X6 Infection 4
Hematoma
18 27/M Burn contracture Free TDAP flap None 9X 15 9X 16 None 10
19 22/M Trauma Free TDAP flap None 10X 12 10X 13 None 6
20 23/M Trauma Free TDAP flap None 9X 15 10X 16 None 14
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at the donor site (E).

cessfully by debridement and grafting with split-thickness skin
graft. The other was managed by daily dressings and healed
by secondary intention without further complications. One of
the patients required a secondary debulking procedure. Desqua-
mation of the donor-site wound occurred in one patient which
subsequently healed. The donor sites were grafted with split-
thickness skin graft. 2 patients had a partial loss of the split-
thickness skin graft on the flap associated with a thin hemato-
ma beneath the skin graft. However, this spontaneously healed
without a secondary graft. The 5 patients underwent the repair
with the coverage by lateral supramalleolar flaps. Of the 5 flaps,
3 had a complete survival. 1 flap failed and 1 developed partial
necrosis over the distal part, and partial necrosis was treated
successfully by debridement and grafting with split-thickness
skin graft. The donor sites of lateral supramalleolar flaps were
grafted with split-thickness skin graft. The other 3 patients
underwent the repair with the coverage by free TDAP flap. All
TDAP flaps survived completely, and no secondary local flap was
required. Follow-up ranged from 2 months to 22 months, with
an average 11.3 months. Primary closure of the donor site of
TDAP flap was a major advantage and the appearance of the
donor-site linear scar was highly satisfactory.

The thinness of the each flap was appreciated by the patients,
as they did not have any problem in wearing footwear. The flap
developed protective sensations in the form of touch and pain.

Figure 2. Preoperative view: ankle contracture because of burn scar (A). Intraoperative view (B). Planning of flap(C). Transferring flap to the defect (D). Wound dehiscences

Dorsoflexion and plantar flex-
ion at the ankle joint were near
normal for each flap.

Case 2

A 28-year-old patient had a
severe ankle contracture from
burn injury in childhood. When
contraction was released by
an operation, a wide defect
was created. The distally based
neurofasciocutaneous reverse
sural flap, 11 X 12 cm in size
was transferred to the defect
through the subcutaneous tun-
nel. The donor site was cov-
ered with a skin graft. Partial
loss of skin graft was occured
at the donor site at the early
postoperative period. Delayed
split-thickness  skin grafting
was performed on the sev-
enth postoperative day. Seven
months after the operation, he
is recurrence-free and shows
good results (Figure 1).

Case 6
A 22-year-old patient had a
severe ankle contracture from
burn injury in childhood. The
contraction bands were re-
leased and a wide defect was
created over the ankle. The
distally based neurofasciocu-
taneous reverse sural flap, 9 X
14 cm in size was designed to
cover the defect. The flap was
harvested and transferred to the
defect through the subcutaneous tunnel. The donor site was
covered with a skin graft. However, wound dehiscences were
observed at the donor site at the early postoperative period. It
was closed primarily with the preserved skin without grafting.
Ten months after the operation, flap contour was good, and no
debulking procedures or special shoes were required. (Figure 2).

Case 15

A 20-year-old man had a chronic ulcer in the lateral malleolar
region. In the operation a wide and radical excision of the ul-
cer was performed. The lateral supramalleolar flap 4 X 5 cm in
size was planned. Subsequently, flap was harvested and inset
into the defect. The donor site was covered with a skin graft.
Moderate venous congestion was observed in the postoperative
period. The congestion resolved spontaneously. As a result of
the congestion, partial necrosis developed over the distal part
of flap. In addition, partial loss of skin graft was observed at
the postoperative period. Partial necrosis was treated success-
fully by debridement and grafting with split-thickness skin graft
(Figure 3).

Case 20
A 23-year-old boy had sustained an injury to the right foot dor-
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Fogdestam described a distally
based fasciocutaneous flap
from the sural region in 1983.
The blood supplies of the flap
include an adipofascial pedicle,
along with a vascular network
of sural nerves, accompanying
arteries with the lesser saphe-
nous vein, and cutaneous perfo-
rating branches of the posterior
tibial and peroneal artery [18].

Figure 3. Preoperative view (A). Planning of flap (B). The partial necrosis over the distal part of flap and partial loss of skin graft at the donor site (C). Postoperative view at
8th months (D).

sum while driving a motorbike. He had referred to another cen-
ter, where the dorsum defect was skin-grafted. Ten years after
the initial trauma, he applied to our clinic. The free TDAP flap 10
X 16 cm in size was designed and harvested to cover the defect.
The thoracodorsal artery and vein of flap were anastomosed
to the posterior tibial artery and vein. The flap donor site was
closed primarily with the preserved skin without grafting. The
patient was fully mobilized 3 weeks after the reconstruction.
The follow-up period was 14 months. Flap contour was good,
and no debulking procedures or special shoes were required.
No complication occurred regarding ambulation or donor site.
A simple linear scar characterizes the donor site, and durable
wound coverage resulted (Figure 4).

Figure 4. Preoperative view (A). Intraoperative view of soft tissue defect (B). Postoperative view (C).

Discussion

For many years, great efforts have been made in reconstruc-
tive procedures for soft tissue defects of the ankle, and foot.
However, the choice of flap to reconstruct some areas in the
foot remains controversial. Local rotation, advancement, and
transposition flaps are limited by the area of the mobile skin
available for the large defects [12,13]. In these situation, sev-
eral flaps have been developed to provide coverage. Reverse
pedicle peroneal, posterior tibial, and anterior tibial flaps and
other fasciocutaneous, septocutaneous, and fasciosubcutane-
ous flaps may provide alternative methods for reconstruction in
these areas [12-14]. The ideal reconstruction has the following
characteristics: 1) sensibility, 2) stability, and 3) satisfactory ap-
pearance [15].

Distally based fasciocutaneous flaps on the leg were first intro-
duced in 1983 [16]. The main advantages of distally based flaps
for coverage of lower leg, ankle, and foot skin defects are a
well-defined potential surface independent from a length-width
ratio and the preservation of the main vascular axis. The lateral
supramalleolar flap and the distally based sural flap should be
defined exactly as neurofasciocutaneous flaps [17].

The distally based superficial sural artery flap has become in-
creasingly popular for distal leg reconstruction. Donski and

The length and thinness of the
fascial pedicle facilitate mobiliza-
tion of the flap. The procedure of dissecting this flap is techni-
cally simple and rapid. The reconstructions of the defects of
the foot and ankle with sural flaps are mainly safe and reliable
in healthy patients with no comorbidities according to authors’
experiences [13, 19-22]. However, complications of these flaps
are being discussed rarely in literatures. There are some certain
factors that increase flap necrosis in the case of concomitant
diseases such as arterial hypertension, diabetes, peripheral vas-
cular disease, and vasculitis. In addition, the rotation of wide
and thick adipofascial and vascular network pedicles and the
venous drainage from flaps remain significant problems in prac-
tice. Compression, tension, twisting of pedicle, postoperative
hematoma, and external pressure to the pedicle may
endanger flap circulation. These five factors are salient
and should always be taken into consideration in both
intra- and postoperative period. Baumeister et al found
an overall complication rate of up to 59% in a realis-
tic analysis of 70 flaps, which included a broad patient
group with and without comorbidities [4]. In addition;
most authors have paid attention to the congestion of
the distally based neurofasciocutaneous reverse sural
flap and even partial or total flap necrosis. There is par-
tial or total flap necrosis in variable ratio. This rate is
reported by Hasegawa et al (5%), Touam et al (5%),
Yilmaz et al (12%), Rajacic et al (14%), Fraccalvieri et al
(17%), Meyer et al (21%), Almeida et al (26.3%)[1,19-
23]. According to our clinical experience, the reverse sural flap
is a good option for coverage of small-to-moderate soft-tissue
defects around the lower leg and ankle. However, there are cer-
tain risk factors such as smoking, arterial hypertension, diabe-
tes, peripheral vascular disease, and vasculitis. The other disad-
vantage of this flap is poor cosmetic effect on the donor site.
The lateral supramalleolar flap was described in 1988 [24]. The
lateral supramalleolar is a distally based fasciocutaneous flap
vascularized by branches of a perforating branch of the dorsal
peroneal artery. The lateral supramalleolar flap is reliable and
useful in coverage small-to-moderate defects of lower leg, an-
kle, and foot skin defects. In recent years, some authors testified
that the distally based sural flap is more reliable than the lateral
supramalleolar flap, especially regarding the venous congestion
[4]. In our clinical experience, the lateral supramalleolar flap
offers a range of coverage similar to that of the sural neuro-
cutaneous flap. However, the procedure is more difficult to per-
form and offers no advantage over the sural flap. The harvest
of a sural neurocutaneous island flap takes 45 to 60 minutes
whereas the supramalleolar flap takes twice that time. The long
dissection time required by the supramalleolar vessels is also
responsible for spasm, which may explain the difficult postop-
erative period and higher incidence of complications [1].
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Reconstruction of the defects by free flaps has been widely per-
formed for the last two decades. Free perforator flaps can pro-
vide the same amount of tissue and the same vascular supply
as a musculocutaneous flap. In addition, the perforator flaps
have better cosmetic and reconstructive results with minimal
donor site morbidity compared with muscle flaps. For this rea-
son, free TDAP flaps have gained popularity among reconstruc-
tive surgeons. The widespread use of the thoracodorsal artery
perforator flap is attributable to the following characteristics:
basically reliable anatomy, the ability to thin the flap without
compromising its blood supply, the possibility of obtaining a
long pedicle, the pliability of the flap, and the lack of significant
donor-site morbidity [25, 26]. The thickness of a free TDAP flap
is between that of a radial forearm and scapular flap. It is not
bulky, yet consists of a dermis and subcutaneous tissue with
sufficient thickness to provide stability. To the best of our knowl-
edge, there are a few reports demonstrating the free TDAP flap
for reconstruction of dorsal surface of foot defects in litera-
tures [9-11]. For reconstruction of the foot and ankle defects,
the ideal free flap should have minimal donor-site morbidity and
a sizable pedicle for microsurgical anastomosis. A fasciocutane-
ous flap represents a good alternative to other flaps. Among the
fasciocutaneous free flap alternatives, the lateral arm flap, the
scapular flap, the radial flap, the anterolateral thigh flap, super-
ficial circumflex inferior artery flap, superficial inferior epigas-
tric artery flap can be used [2,27,28]. However, these flaps have
some drawbacks, such as severe donor-site morbidity; a short
pedicle; the need for a secondary defatting procedure; require-
ment for a change of position during the operation, hindering
a two-team approach. Our study revealed that the free TDAP
flap is a reliable alternative for the reconstruction of soft-tissue
defects in the foot and ankle region. According to our clinical
experience;

1. The free TDAP flap is a suitable alternative for soft tissue
reconstruction of the lower extremity but they require microsur-
gical expertise and prolonged operating time.

2. The pedicle length of free TDAP flap is sufficient to be able
to perform the anastomosis out of the zone of injury. In some
cases the skin island may harvest along with intercostal nerve
branches, this gave us the potential to develop a sensate flap.
3. The free TDAP flap is effective in cases where poor distal
vascularity of the leg or local trauma precludes the reliability of
a distally based fasciocutaneous flap.

4. Free flaps provide tissue with adequate volume to cover
whatever defect is created. The free TDAP flap is an alternative
option if the defect over the foot is too extensive and too distal
to be reached for distally based neurofasciocutaneous flaps.

5. The free TDAP flap provide stable coverage with an accept-
able aesthetic appearance for both the donor and reconstruc-
tion sites and the functions of foot eversion and plantar flexion
are better according to the distally based neurofasciocutaneous
flaps in long-term follow-up.
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