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Perforator Pedicled Propeller Flaps for Soft Tissue
Coverage of Lower Leg and Foot Defects

Kai-xuan Dong, MD"?*, Yong-qing Xu, MD?, Xin-yu Fan, MD?, Long-jiang Xu, MD?, Xi-xiong Su, MD’, Hai Long, MD?,
Li-qi Xu, MD’, Xiao-qing He, MD*

'Department of Graduate Education, Kunming Medical University, *Affiliated Orthopaedic Hospital, Kunming General Hospital of Chengdu
Military Command, Orthopaedic Trauma Institute of Chinese PLA and *Department of Ultrasound, Kunming General Hospital of Chengdu
Military Command, Kunming, China

Objective: To investigate the efficiency of perforator pedicled propeller flaps for soft tissue coverage of lower leg and
foot defects.

Methods: Twenty patients (12 male, 8 females; mean age 28 years, range, 5-75) with soft tissue defects of the
lower leg and foot were retrospectively reviewed. Their defects had been repaired with perforator pedicled propeller
flaps from September 2011 to October 2013 and included five cases of injuries caused by spokes, four of infection
with postoperative skin necrosis, two of dorsal skin defects caused by heavy objects and nine caused by car accidents.
The areas of soft tissue defect were from 2 cm x 8 cm to 10 cm x 20 cm. Fifteen cases had terminal branch of the
peroneal artery perforator flaps and five posterior tibia artery perforator flaps, flap size ranging from 5 cm x 11 cm to
12 cm x 28 cm. Color Doppler ultrasound was used to locate all perforator vessels, the calibers of which ranged from
0.8 mm to 1.0 mm.

Results: The intraoperative coincidence rate of the color Doppler ultrasound was 96.7%. The donor sites were
sutured directly in 12 cases and skin grafted in 8. One case had a venous crisis within 24 h that was treated by
removal some sutures and drainage. All cases were followed up for 1-18 months; all flaps survived well and pedicles
had a satisfactory appearance. The patients were extremely satisfied with the results for repair.

Conclusion: Perforator pedicled propeller flaps have the advantages over other pedicle flap of being simple, safe, and
effective and not involving vascular anastomosis.

Key words: Ankle; Foot; Soft tissue injuries; Surgical flaps

Introduction

S oft tissue defects, particularly in the lower leg and foot, are
often associated with exposure of bone, joints, and

tendons, create severe dysfunction, physical and mental suffer-

ing, and are difficult to manage.

At present, the flap transfer repair is the most popular
means of managing foot and ankle soft tissue defects"?, com-
monly used ones including neurocutaneous, adjacent fascia,
muscle, and free flaps. Although these flaps can produce satis-
factory results, the range of defects they can repair is limited.

Free flaps are preferable for large areas of skin damage, but
require considerable technical skill, have significant operative
risk, and the flaps can become engorged. Neurocutaneous,
near fascia and muscle flaps can result in necrosis or engorge-
ment of flap pedicle trim because of venous problems, requir-
ing reoperation.

Perforator pedicled propeller flaps are relatively simple,
safe and effective, postoperative engorgement does not occur,
attractive in shape, and particularly suitable for soft tissue
coverage of lower leg and foot defects. Hyakusoku et al. first
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introduced the term propeller flap in 1991 to define a method
of elevating and rotating a flap that is much longer than wide
and comprises two portions (the blades of the propeller), one
on either side of the pedicle’. The flap is rotated 90° on the
central pedicle, like a propeller, to resurface burn scar
contractures at the elbow and axilla. In 2006, Aslan et al.
reported using this kind of flap to repair elbow scar contrac-
tion; the flap rotation was limited to only 90° because of the
generous size of the flap’s subcutaneous pedicle*. In the same
year, Hallock combined the perforator vessel and rotation
techniques of propeller flap, designing a propeller flap with an
eccentric adductor perforator vessel pedicle that rotated 180°.
Part of the flap (the big paddle) was used to cover the wound
and other part (the small paddle) to close the donor site.
Because of the rich blood supply and easy rotation, it was used
to treat two cases of ischial tuberosity or greater trochanter
bedsores, achieving good results’.

The advisory panel of the first Tokyo meeting on perfo-
rator and propeller flaps in June 2009 reached a terminology
consensus on propeller flaps, analogous to the “Gent” consen-
sus on perforator flap terminology. It stipulated definitions of
different propeller flaps with particular regard to perforator
propeller flaps®. A propeller flap can be defined as an “island
flap that reaches the recipient site through axial rotation.” All
skin island flaps can become propeller flaps. However, this
definition excludes island flaps that reach the recipient site
through an advancement movement and flaps that move
through a rotation but are not completely islanded. According
to the type of nourishing pedicle, propeller flaps are subdi-
vided into subcutaneous pedicled, perforator pedicled and
supercharged propeller flaps. In 2011, Ayestaray et al. pub-
lished a classification based on the type of pedicle, subdividing
propeller flaps into subcutaneous-pedicled, muscle-pedicled,
perforator-pedicled, and vascular-pedicled propeller flaps.
Classification based on pedicle position can be divided into
central axis and acentric axis propeller flaps’.

Since September 2011, our hospital has used perforator
pedicled propeller flaps to repair lower leg and foot soft tissue
defects. In this study we reviewed and analyzed the procedures
and outcomes of all cases, our aims being: (i) to clarify the
indications for use of perforator pedicled propeller flaps; (ii)
list key surgical points; (iii) compare naked and non-naked
perforator vascular pedicles; and (iv)summarize the advan-
tages and disadvantages of perforator pedicled propeller flaps.

Materials and Methods

General Information

Twenty patients with soft tissue defects of the lower leg and
foot were retrospectively reviewed and evaluated. Their defects
had been repaired using perforator pedicled propeller flaps
from September 2011 to October 2013. They included 12 male
and 8 female patients with an average age of 28 years (range,
5-75 years). There were five cases of injuries caused by spokes
(the “Achilles heel” of soft tissue defects), four of infection after
internal fixation of calcaneal fractures had resulted in skin
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necrosis, two of dorsal skin defects caused by heavy objects,
and nine of foot and ankle soft tissue defects caused by car
accidents. The areas of the wounds and soft tissue defects
ranged from 2 cm X 8 cm to 10 cm X 20 cm. The duration since
injury ranged from 7—60 days.

According to the clinical indications set by Pignatti et al.
for perforator pedicled propeller flaps®, no patient had a
wound defect length of more than 20 cm. No patients had
serious preoperative scar hyperplasia or vascular diseases. All
wounds were swabbed, bacterial culture being positive in 14
cases and negative in 6; of the positive cases, 85.7% (12/14)
were infected with Staphylococcus aureus.

Surgical Technique

Debridement

Patients with relatively little wound contamination underwent
flap transfer after debridement. For extremely contaminated or
infected wounds, flap transfer operation was deferred until
fresh granulation tissue had been achieved by using vacuum
sealing drainage or repeated dressing after debridement. It
must be emphasized that it is necessary to thoroughly remove
necrotic tissue until normal tissue has been exposed, and then
to continue treatment for 1 week or so, to prevent secondary
infection.

Flap Design, Incision, and Wound Coverage

Ipsilateral limb nearby transfer was chosen for all flaps, flap
design depending on the size and shape of the wound, the flap
areas exceeding the wound areas by about 5% so the flaps are
not under tension. Preoperative color Doppler ultrasound was
used to locate the perforator vessels and determine their diam-
eters and blood flow velocity (perforator vessels located 2 to
10 cm from the wound, with diameters of 0.6 to 1.0 mm and
maximal blood velocity were usually selected, bearing in mind
that rotation point would wear the vessel), and to design the
large and small paddles of the perforator pedicled propeller
flaps. The large paddles of the propeller flap were designed
close to the rotation point and used to cover the wound after
rotating; whereas the small paddles of the propeller flaps were
designed from beyond the rotation point to the skin wound
and used to close part of the recipient area after rotating. Care
was taken to ensure that the longitudinal length of the large
blade was greater than the sum of the small paddle and longi-
tudinal lengths of the wound (Fig. 1a).

The incisions started from the front (or back) of the flap
axis with an exploratory incision. The superficial fascia was
then carefully separated, the skin retracted, the preoperatively
determined position of the perforator vessel reached and its
direction noted. This ensured the correct position for perform-
ing the skin incision at the back (or front) and cutting between
the deep fascia and superficial fascia, then incising the deep
fascia about 1 cm away from the perforator vessel, ensuring the
deep fascia was continuous with the superficial fascia at the
point at which the perforator vessel passed though the deep
fascia. Next, the soft tissue fascia surrounding the perforator



o4

ORTHOPAEDIC SURGERY
VOLUME 6 - NUMBER 1 - FEBRUARY, 2014

FPPT TR TETEey
N

s

PERFORATOR PEDICLE FLAPS FOR LEG DEFECTS

Postoperation Postoperation

Fig. 1 Schematic representation of perforator pedicled propeller flap. (a) Flap design. Preoperative use of color Doppler ultrasound to locate the
perforator vessel and ascertain its diameter and blood flow velocity (perforator vessel 2 to 10 cm from the defect with diameter 0.6-1.0 mm,
and maximal blood velocity usually selected). O is positioned preoperative of perforator vessel intended position, AB connect as the axis of the
flap, a is the longitudinal length of the large paddle, b is the longitudinal length of the small paddle, c is wound defect longitudinal length.

(b) The propeller flap is rotated clockwise and counterclockwise to determine the minimum angle required to cover the defect. (c) The donor and

recipient area are closed.

vessel pedicle was completely removed, freeing and making the
perforating vessel pedicle completely naked; the free flap per-
forator vessel pedicle was then the sole connection with the rest
of the body. To protect the vascular pedicle, the propeller flap
was rotated clockwise or counterclockwise as appropriate to
determine the minimum angle required to cover the wound
(Fig. 1b). The flap was then sutured and fixed (Fig. 1c) to
prevent rotation or stretching of the vascular pedicle.

Postoperative Management

Oral rivaroxaban 10 mg/d was routinely administered for
about 2 weeks after surgery for anticoagulation. Papaverine
was given i.m. (60 mg/t.d.s) for 4 to 5 days as an antispas-
modic. Cefotiam was administered i.v. (2 g/b.d.) to prevent
infection. A 40 to 60 W cradle heat lamp was used to keep
the affected area warm. The stitches were removed 2 weeks
postoperatively.

Evaluation of Efficacy of Treatment

The scoring system of Zhang et al., which assesses the five
aspects of flap healing, sensation, shape, temperature and
donor site scar’, was used to evaluate the efficacy of the pro-
cedure. Each item scores 2 points for superior, 1 point for
good, 0 points for possible, —1 point for inferior. The total
value is then calculated, 5-10 points being considered satisfac-
tory, 0 to 4 points adequate, and 1 to —5 points unsatisfactory.

Results

General Points

All operations were successful; the operation time was 60 to
100 min, with an average of 70 min. Intraoperative blood loss
was 50—-100 mL, with an average of 70 mL. The propeller flaps
utilized the terminal branch of the peroneal artery in 15 cases
and the posterior tibial artery in 5 cases. The flap sizes ranged
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Fig. 2 lllustrative case of female patient, aged 9 years. (a) Photograph of skin and soft tissue defect of left foot, the defect is 9 cm x 15 cm.

(b,c) Preoperative Doppler ultrasound probe positioning shows posterior tibial artery perforator vessels in the skin 3 cm behind the medial

malleolus, about 0.41 mm in diameter with for blood flow rate of 7.87 cm/s rate. (d) Design of a posterior tibial artery perforator flap. The

location of the perforating vessel is indicated by the “X” behind the medial malleolus. (e) Construction of the flap, leaving only the perforator

vessel pedicle connecting it to the rest of the body. (f) Three months postoperatively, the pedicle is smooth and attractive.

from 5cm X 11 cm to 12 cm X 28 cm and the calibers of the
perforator artery from 0.8 mm to 1.0 mm. The donor sites
were sutured directly in 12 cases and required skin grafting in
8. One patient had a venous crisis in the 24 h postoperatively,
which responded to removal of some of the sutures and drain-
age of blood.

Clinical Outcomes

The flaps were followed up for 1-18 months (mean, 13.5
months). All flaps survived well, the pedicles were smooth, did
not ulcerate, become engorged or develop “cat ears” malfor-
mation. The texture and color of the flaps were similar to those
of adjacent tissue and their shape were good (Fig. 2). In cases
where the donor skin had been directly sutures, the surgical
scars were small. There were no obvious scars at the donor sites
of free skin grafts. The donor site wounds healed well, 19 cases
(95%, 19/20) had good postoperative ankle function with dor-
siflexion of 10° to 25° and plantar flexion of 10° to 45°. At the
last follow-up, scores on the Zhang scale’ were 8 to 10 points
and all patients were satisfied with the results.

Discussion

Crucial Points Concerning Surgical Procedure

Attention should be paid to achieving the following: (i) vessel
diameter >0.8 mm,; (ii) free perforator vessel pedicle length
21 cm; and (iii) spin turn angle <180°. A perforator vessel 1 to
2 cm above the wound should usually be selected; if it is much
further away from the wound, the overlap will be too long after

rotating it 180°. This not only increases the length of the flap
but makes it subject to ischemia and causes increased damage
to the donor site. Intraoperatively, the flap generally needs
to be separated from the fascia layer and the fascia layer and
skin sewn together with a few stitches to prevent separation
between the two parts affecting flap survival. In addition, there
has been much research on how the rotation angle affects flap
survival. The greater the angle of rotation, the greater the prob-
ability of acute postoperative complications, especially related
to veins, which have thinner vessel walls and lower internal
pressure and are more flexible than arteries, making them
particularly sensitive to rotation'™". To optimally protect the
vascular pedicle, surgeons should try turning the propeller
flap both clockwise and counterclockwise to identify how to
achieve the minimum angle of rotation flap that will cover the
defect.

Perforator Vessel: Naked or Not?

At present, whether the vascular pedicle should be naked is
controversial. Those who are in favor of a completely naked
vascular pedicle believe that retaining surrounding fascia tissue
can create “twisted turn stress” in the vessel wall after reversing,
thus affecting venous return'®. Those who support retention of
some of the fascia believe that such retention reduces the prob-
ability of vascular separation pedicle injury and increases the
vascular pedicle’s ability to resist stretching and spasm''®. In
our group of patients, the vascular pedicle vessels were com-
pletely naked and we achieved a high flap survival rate. We
believe that if the surgeon constructs a long vascular pedicle
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(>3 cm), some of the fascia tissue surrounding the perforator
vessel can be retained, because spin transfer torque is spread
over a longer distance; thus, “twisted turn stress” is minimized.
However, if the vascular pedicle is shorter (<2 cm), we prefer it
to be thoroughly naked of vessels in order to ensure that fragile
veins will not cause blood reflux as a result of “twisted turn
stress”.

In conclusion, this study shows the advantages of per-
forator pedicled propeller flaps; namely, that their texture is
similar to that of the adjacent tissue and the flap blood
supply is reliable, allowing coverage of large defects. In addi-
tion, because the flaps cover the defects with their perforating
vessels as the axis of rotation, they require no vascular anas-
tomoses, making the operation relatively simple and safe,
with a short operative time and low surgical risk, especially
when repairing lower leg and foot soft tissue defects. It
should be noted that there are anatomical variations in the
precise location of flap perforator vessels; thus, preoperative
assessment is necessary. Without such preparation, a suitable
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perforating vessel may not be found, leading to surgical
failure.

From a research perspective, the following unresolved
difficulties remain. (i) Exactly how should the flap be con-
structed? Both in the past and currently, we depend more on
experience than objective indicators. Further basic research is
required to clarify the importance of vascular diameter, blood
flow speed, and many other microvascular variables and thus
provide rational guidance rather than subjective experience.
(i1) How best to locate optimal perforator vessels and deter-
mine how they run? Although color Doppler enables more
accurate location of perforator vessels, the reproducibility and
image continuity is poor. Computed tomography angiography
provides continuous images and the images can be saved;
however, angiography is problematic when the diameter is less
than 1 mm. In addition, it cannot be positioned directly on the
body surface over the perforator vessels. Thus, more exact
positioning and imaging of perforator vessels requires devel-
opments in equipment and vascular detection technology.
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