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Abstract

The aim of this study was to describe the scheme, surgical procedures, and clinical outcomes for the early repair of deep wounds of
the posterior talocrural region in extensively burned patients with a method combining a superficial temporal fascia free flap with thin
split-skin grafting.

From January 2013 to February 2016, 9 extensively burned patients with deep tissue defects of the posterior talocrural region were
treated in our department (2 patients had bilateral deep tissue defects of the posterior talocrural region). All 11 wounds were repaired
using a superficial temporal fascia free flap and thin split-skin grafting. After the operation, survival of the fascia flaps and grafted skin
was observed, and the appearance and functional recovery of the grafts were evaluated. Follow-up information was reviewed, and
complications were documented.

All 11 fascia flaps survived completely. Two cases of partial skin necrosis healed after the second application of skin grafts. The
appearance and function of recipient sites were well restored in all patients over a follow-up period of 5 to 14 months.

Deep tissue defects of the posterior talocrural region can be effectively repaired with our method combining a superficial temporal
fascia free flap with thin split-skin grafting. This method offers the advantages of a good appearance, strong resistance to infection,

minimal damage at the donor site, short course of disease, and good prognosis.

Abbreviation: TBSA = toal body surface area.
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1. Introduction

In recent years, with improvements in burn wound care, the
mortality rate of patients with extensive burns has decreased.
Meanwhile, more attention has been paid to the clinical outcomes
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of patients with extensive burns.! The most effective way to
improve the function of the wounded tissue is to close the wound
and have the patients perform rehabilitation exercises as early as
possible.!

The posterior talocrural region has little subcutaneous tissue.
Deep burn of this region often results in Achilles tendon exposure
and medial malleolus and/or lateral malleolus bone exposure,
which must be treated with flap repair.!®! Commonly used flaps
include a local flap, sural neurocutaneous flap, peroneal artery
perforator flap, posterior tibial artery perforator flap, free skin
flap, and others.[*! However, the availability of tissue at the donor
site can be limited.

An alternative repair approach involves the combination of a
free muscle flap with a skin graft. However, patients with
extensive burns likely have a higher bacterial count at the skin
surface, and thus, harvesting of the deep muscle flap may result in
bacterial infection in the donor site. Currently, a variety of
artificial dermal matrices combined with skin grafting are
available for the repair of deep wounds, but the infection risk
is still questionable and the cost is very high.>*!

Thus, the conventional treatment for deep damage in the
posterior talocrural region in extensively burned patients usually
involves long-term dressing changes until new granulation tissue
forms, and then patients undergo dermatoplasty. This approach
is simple and feasible, but has the disadvantages of a long
treatment period and great patient suffering. Long-term wound
exposure often leads to dry necrosis of tissue and bacterial
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infection, which may cause a partial defect in the Achilles
tendon and osteomyelitis of the medial and lateral malleolus
bone. Moreover, scarring after wound healing often causes foot
drop. All of these problems could seriously affect patients’
quality of life.

To overcome these disadvantages, we applied a combination of
a superficial temporal fascia free flap with a split thickness skin
graft. Herein, we show that this method could achieve
satisfactory repair effects, effectively shorten the wound healing
time, and minimize the frequency of complications of these burns
such as contracture, foot drop, and dysfunction.

2. Methods
2.1. Patients

From January 2013 to February 2016, a total of 9 patients with
extensive burns (6 males and 3 females, age ranging from 14 to 65
years) causing a deep tissue defect of the posterior talocrural
region were treated in our department. Each patient provided
informed consent in accordance with the requirements of the
Research Ethics Committee in Xijing Hospital (Permit Number:
fmmu-13-0711).

2.2. Preoperative preparation

Before the operation, a Doppler blood flow survey or color
Doppler ultrasound was used to probe and mark the blood
vessels, measure vessel diameters, display vessel shapes and
vascular origins, and conduct a hemodynamics examination.
According to the location and size of the wound, the length of the
vascular pedicle, the diameter of vessels and other factors at the
recipient site, the posterior tibial artery and posterior tibial vein
were selected. If necessary, the ipsilateral great saphenous vein
could be selected.

2.3. Surgical procedure

The surgical process consisted of 4 steps. The first step was the
preparation of the recipient area, including debridement of the
wound and search for recipient vessels (posterior tibial artery and
vein). The second step was the flap harvesting at the donor site.
We planned a longitudinal incision about 2cm in the
anterosuperior part of the antilobium (the region of surface
projection of the superficial temporal artery) and dissected the
superficial temporal artery. Then, we judged whether the vessel
condition met the requirements for vascular anastomosis. If the
requirements were met, we lengthened the incision through the
temporal area to the top region and then designed the “T”-
shaped incision based on the size of the recipient site. After that,
the scalp was separated from the subcutaneous fascia carefully
and retracted to both sides. Then, the superficial temporal fascia
was exposed. Next, we marked the superficial temporal fascia
based on the 10% expanded size of the recipient site. After
ligating and cutting the distal vessel, the superficial temporal
fascia flap was carefully harvested from the distal end to the
pedicle, and a fascial flap was formed that contained both the
superficial temporal artery and vein. Then, the pedicle was cut
after examination, and the incision at the donor site was sutured.
The third step was the vascular anastomosis. Before performing
the anastomosis, the fascia flap was transferred and fixed to the
recipient site. Then, the end-to-end anastomosis of the superficial
temporal vein and posterior tibial vein as well as the end-to-side
anastomosis of the superficial temporal artery and posterior
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tibial artery were performed under a microscope. When the
steps described above were completed, we carefully checked
and ensured that the anastomosis was unobstructed and the
fascia flap blood circulation was good. After that, we ensured
hemostasis, sutured and fixed the fascia flap, and inserted the
indwelling rubber drainage strip. The fourth step involved
skin grafting, harvesting the thin split-skin, and preparing the
drainage holes. We then transplanted and fixed the skin
onto the surface of the fascia flap, applied a bandage with
moderate pressure, and arranged observation holes. Lastly,
the affected limbs were immobilized in functional positions
using braces.

2.4. Postoperative management

After the operation, the affected limb was elevated and kept
warm. Medications including anticoagulant, antispasmodic, and
vasodilator drugs were used systemically. At postoperative day 3,
ultrasound Doppler was performed every 2hours to confirm
whether the anastomosis remained unobstructed. Then, the
bandage was removed, and the dressing was changed on the 3rd
day after the operation. The blood supply was observed every 4 to
8 hours until the 8th day after the operation. Once the wound had
healed completely, patients were instructed to use anti-cicatricial
drugs, wear a pressure garment, and gradually begin performing
exercises involving joint activities.

3. Results

3.1. Patient and wound characteristics

Among the 9 extensively burned patients, 2 patients were scalded
by a hot liquid, 4 patients were burned by alcohol, and 3 patients
were burned by an electric arc. Seven cases had unilateral deep
tissue defects, and 2 cases involved bilateral deep tissue defects of
the posterior talocrural region. All these defects were complicated
by Achilles tendon exposure and medial malleolus and/or lateral
malleolus bone exposure. In addition, 1 case was further
complicated by medial malleolus osteomyelitis. The size of the
recipient area defects ranged from 3.6 x 5.3 t0 5.2 x 11.7cm. The
detailed characteristics of the patients and wounds are listed in
Table 1.

3.2. Treatment outcomes

All the 11 superficial temporal fascia free flaps survived
completely in the 9 patients. One case of venous crisis was
observed on the second day after operation, and the main
clinical manifestations were discoloration of the flap and grafted
skin to black. Through ultrasonic Doppler examination, a
venous vascular blockage was found. After the emergency
search for blood vessels, we reapplied vascular anastomosis and
skin grafting. Another case of skin necrosis caused by local
infection healed with regrafting and conventional dressing
therapy.

The mean follow-up was 8 months (range, 2-23 months). After
complete healing, the skin of the wound region was basically flat
and smooth. All the patients achieved good functional recovery,
and there were no abnormalities. The scars at the donor site were
not obvious, and there was no case of alopecia, scarring, etc. Six
months after the operation, all patients were satisfied with the
treatment effects, especially the ankle function (average score,
89.6 +£9.1 on the American Orthopaedic Foot and Ankle Society
hind-foot scale) and appearance.
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Clinical data and treatment outcomes of patients.

Burn Defect Characteristics Survival Perioperative
Patient Age,y Gender area Characteristics of wound size, cm? of donor site condition of flap complications
1 42 Female  90% Bilateral posterior talocrural region, Left: 45x8.9 Second degree burn, Survival None
left Achilles tendon exposure and Right: 3.8 x 9.7 healing after 13 d,
medial malleolus bone exposure, skin was harvested
right Achilles tendon exposure and 3 times
lateral malleolus bone exposure
2 14 Male 85%  Left posterior talocrural region, left 41x%x9.2 Skin was harvested 3 Survival Thrombosis of venous
Achilles tendon exposure and times anastomosis on
medial malleolus bone exposure postoperative day 3,
reanastomosis after
vascular exploration,
skin graft repeated
once again
3 19 Male 70%  Left posterior talocrural region, left 36x5.3 None Survival None
Achilles tendon exposure
4 36 Male 70%  Left posterior talocrural region, left 39x%x9.3 Second degree burn, Survival Skin grafting was
Achilles tendon exposure and healed after 17 d repeated
medial malleolus bone exposure
5 65 Female  75% Bilateral posterior talocrural region, left:4.1 x 8.6 Skin was harvested 4 Survival None
left Achilles tendon exposure and right:3.8 x 5.7 times
lateral malleolus bone exposure,
right Achilles tendon exposure
6 48 Male 90%  Right posterior talocrural region, right 5.2 x11.7 First degree burn, Survival None
Achilles tendon exposure and healed after 7 d,
medial malleolus bone exposure skin was harvested
4 times
7 25 Male 70%  Right posterior talocrural region, right 3.4 x 7.8 Harvesting skin 2 Survival None
Achilles tendon exposure and times
medial malleolus bone exposure
8 31 Female  85%  Left posterior talocrural region, left 46x6.4 None Survival None
Achilles tendon exposure
9 27 Male 90%  Left posterior talocrural region, left 5.7 x6.1 Skin was harvested 2 Survival None

Achilles tendon exposure

times

3.3. Typical case

A 25-year-old male patient with multiple electric arc burn
wounds was admitted to our hospital at 7 hours after burn injury.
The diagnosis on admission was electric arc burns with a 70%
total burn surface area (TBSA). After administration of anti-
shock and anti-infection medications, wound dressing, placement
of multiple skin grafts, and other treatments, the patient’s
condition was stable. Meanwhile, about 8% of the residual
wound had not healed after 50 days of treatment. Importantly,
much secretions and necrotic tissue were found in the right
posterior talocrural region, and destruction of the medial
malleolus bone was obvious. The results of secretion bacterial
culture suggested Methicillin-resistant Staphylococcus aureus
infection. The patient felt pain in the affected area and could not
get out of bed or perform functional exercises. After surgical
debridement, we found partial Achilles tendon exposure
accompanied by necrosis, as well as exposure of the medial
malleolus bone accompanied by osteomyelitis. The wound size
was about 3.4 x 7.8 cm (Fig. 1). Then, we designed and obtained
the superficial temporal fascia flap according to the wound size
and sutured the incision at the donor site (Fig. 2). After that, we
performed the vascular anastomosis, free flap transplantation,
and thin split-skin grafting at the recipient site (Fig. 3). After
surgery, the fascia flaps and grafted skin survived well (Fig. 4 A).
At the 6- and 12-month follow-ups, the skin at the operated area
was even, and the functional recovery was satisfactory (Fig. 4B).

4. Discussion

For extensively burned patients with deep damage in the
posterior talocrural region, quick and high-quality repair of
defects is difficult but necessary to maximize the functional

Figure 1. Characteristics of wounds of the posterior talocrural region. After
surgical debridement, partial Achilles tendon exposure and malleolus bone
exposure accompanied by osteomyelitis were observed. The total wound size
was approximately 3.4 x 7.8cm.
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Figure 2. Harvesting of the superficial temporal fascia flap. (A) Designing a longitudinal incision about 2 cm in the anterosuperior part of the antilobium (the region of
surface projection of superficial temporal artery); if the blood vessels were in good condition, a longer incision through the temporal area to the top region was made;
designing the “T"-shaped incision based on the size of the recipient area. (B) Designing and separating the fascia flap according to the size of the wound. (C)
Harvesting the fascia flap. (D) Suturing the incision at the donor site.

Figure 3. Superficial temporal fascia flap transplantation and skin grafting. (A) After transferring and fixing the fascia flap to the recipient site, we performed the end-
to-end anastomosis of the superficial temporal vein and posterior tibial vein, as well as the end-to-side anastomosis of the superficial temporal artery and posterior

tibial artery. (B) Grafting of thin split-skin.

Figure 4. Treatment outcome and follow-up. (A) The fascia flap and grafted skin survived well at 1 week after operation. (B) At the 6-month follow-up, the grafted
skin at the recipient site was even and without dysfunction. (C and D) Images taken at the 12-month postoperative follow-up.
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recovery and improve patients’ quality of life.l”-8 In this study,
we reported the design, surgical application, and clinical
outcomes of a new method combining a superficial temporal
fascia free flap with thin split-skin grafting for the repair of deep
wounds of the posterior talocrural region in extensively burned
patients.

The superficial temporal fascia flap is one of the most widely
used flaps for the repair of burns and other wounds in the plastic
surgery field, especially in maxillofacial surgery, based on the
appropriate elasticity, extensibility, and tenacity of this flap.l”!!
The blood supply of the superficial temporal fascia flap is derived
from the superficial temporal vessels (superficial temporal artery
and the superficial temporal vein), which are easy to dissect. The
thickness of the superficial temporal fascia was approximately 2
to Smm, and thus, the function of a superficial temporal fascia
flap combined with a skin graft was comparable to that of a thin
skin flap. On the basis of these characteristics, the method of
combining the superficial temporal fascia flap with skin grafting
could be used in the repair of many types of wounds: wounds that
are accompanied by joint, bone, and tendon exposure, but are not
suitable for thick skin flap repair, including wounds on the palms,
back, heel, instep, etc.; lower limb ulcers and dead space left by
chronic osteomyelitis after debridement; defects created in facial
reconstruction and other organ reconstruction that require filling
material; and wounds that expose important organs or tissues,
such as exposed brain tissue, vessels, nerves, etc.

The scalp has an abundant blood supply, a large number of
hair follicles, and a large thickness, and can heal spontaneously
even if burned or after repeated harvesting of skin."%3! On the
basis of these characteristics of the scalp and the limited donor
site area in extensively burned patients, the method of combining
the superficial temporal fascia free flap with thin split-skin
grafting may be a practical way to repair a deep wound of the
posterior talocrural region early in extensively burned patients. In
recent years, we have successfully repaired severe defects of the
posterior talocrural region in 11 cases using this method.

On the basis of our experiences, this method offers the
following advantages. First, patient outcomes are better.
Compared with the traditional dressing change, applying the
superficial temporal fascia free flap can achieve earlier coverage
of the wounds, which helps to reduce the risk of infection,
alleviate the pain caused by long-term dressing change, and help
patients to begin functional exercises as early as possible.’® In
addition, the superficial temporal fascia is a dense connective
tissue, and for a posterior talocrural region wound accompanied
by partial Achilles tendon necrosis, it also could enhance the
strength of the Achilles tendon and benefit the functional
recovery of patients. Second, the location of the flap is convenient
for harvesting. The superficial temporal fascia flap has an
invariable anatomical relationship, and thus, harvesting the flap
is not difficult. Third, the condition of the donor site is good. The
options for donor sites in extensively burned patients are limited,
and some donor sites (such as the anterior lateral thigh flap,
dorsal broad flap, etc.) are associated with a high risk of
infection."*! Fortunately, the superficial temporal fascia flap may
be an option. Because the scalp is very thick and has an abundant
blood supply, it can heal easily, even after a burn or repeated skin
harvesting. In addition, harvesting the superficial temporal fascia
flap rarely results in infection at the donor site because of the
abundant blood supply in the head. Fourth, the appearance of the
recipient site is good. Repairing the posterior talocrural region by
the conventional flap often cause a bloated appearance, and thus,
creates a need for multiple fat removing surgeries. By contrast, the
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superficial temporal fascia flap is very thin, and so the appearance
of the recipient area is satisfactory. Fifth, the superficial temporal
fascia flap offers the advantage of good resistance to infection
based on its rich blood supply, which also can support wound
healing when a posterior talocrural region wound is complicated
by bacterial infection or osteomyelitis. ™"’

However, our method has some limitations. First, the
coverage area of the superficial temporal fascia flap is limited.
The maximum flap size in our case series was about 5.2 x 11.7
cm, which was beyond the range of the superficial temporal
fascia, and thus, in addition to the superficial temporal fascia,
we also removed part of the galea aponeurotica. Second,
vascular anastomosis presents some difficulty. The difficulty of
vein anastomosis is mainly caused by the donor vein (superficial
temporal vein). First, superficial temporal veins are single veins,
and thus, we must ensure the patency of the anastomosis.
Second, the superficial temporal vein is fine, and its vascular
walls are very thin, which increases the difficulty of anastomo-
sis. The superficial temporal vein should be stripped as close as
possible to the tragus to increase the vein diameter, which will
facilitate anastomosis. Third, postoperative observation of the
blood circulation of the fascia flap was difficult. After free
transplantation of the superficial temporal fascia free flap and
thin split-skin grafting, the operated area should be wrapped
with dressing, which makes it difficult to observe the blood
circulation of the fascia flap with the naked eye. We propose
that ultrasonic Doppler examination is necessary. Fourth,
traditional pressure dressing after skin grafting is not suitable
for the operation area in our present cases, which may affect the
survival rate of the skin grafts.['*! Fifth, the superficial temporal
fascia flap plays an important role in the field of plastic surgery,
as it can be used for eyebrow reconstruction, ear reconstruction,
and so on.l"%1®! Therefore, we must weigh the advantages and
disadvantages very carefully and conduct a comprehensive
preoperative assessment. Furthermore, finding good recipient
vessels may be challenging for patients who have suffered from
electric burns, and we should make a full assessment of the
vascular condition before surgery.

To best of our knowledge, several other donor sites can be
chosen for free fascial flaps, including the radial forearm fascia,
serratus anterior fascia, lateral arm fascia, scapular fascia, fascia
lata flap, and others.”! Each fascial flap has its own advantages
and disadvantages. Compared with the superficial temporal
fascia flap, the other fascial flaps mentioned above may provide
greater cutting area and better vascular anastomosis condition.
However, for patients with extensive burns, harvesting of a
subcutaneous fascial flap could lead to bacterial infection at the
donor site, due to a higher bacterial count in the skin surface. In
contrast, harvesting the superficial temporal fascia flap rarely
results in infection at the donor site, due to the abundant blood
supply in the head. Furthermore, harvesting the superficial
temporal fascia flap may facilitate a concealed surgical incision
that will be covered by new hair.

In conclusion, the method of combining the superficial
temporal fascia free flap with thin split-skin grafting represents
a satisfactory approach for the repair of deep damage in the
posterior talocrural region in patients with extensive burns. This
method has advantages such as the good appearance of the
recipient site, strong resistance to infection, little damage at the
donor site, short course of disease, and good outcomes. However,
advanced microsurgical skills are necessary due to the difficulty of
intraoperative vascular anastomosis and postoperative blood
circulation observation.
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