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ABSTRACT

Background: Reconstruction of defects in the leg with exposed tendons, bone, and/or other tissues continues
to be challenging and they generally need flap coverage. Evolution in flap surgery has enabled
fasciocutaneous, adipofascial and superthin flaps to be harvested for the purpose of reconstruction, thereby
minimizing morbidity from muscle inclusion into the flap.

Objective: A prospective study for patients of 6-54 years old with leg defects and evaluation of perforator
(propeller) flaps for reconstruction of defects in the leg.

Patients and methods: This study includes twenty patients with leg defects who came to Al Azhar
University Hospitals asking for leg reconstruction during the period from Oct 2014 to Sep 2016. All patients
were operated under spinal anesthesia. Perforators were identified and traced to major limb vessel, and skin
paddle was designed around the perforator. Skin paddle was then rotated into the defect of the leg.

Results: All the patients tolerated the procedure well. There was only one case of epidermal loss and one
case had partial loss. Two flaps initially underwent distal congestion but, however, improved on day three
post-operatively. One case developed bleeding postoperatively and controlled and one case had delayed
wound healing. However, the remainder of the flaps survived and wound healed completely.

Conclusion: The use of propeller flaps to cover defects of the leg showed satisfactory results as regards flap
viability and providing a suitable coverage of various defects.
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INTRODUCTION

The axial pattern flaps based on axial The ultimate definition and terminology
blood supply, improve the quality of of propeller perforator flaps was adopted
results, but with the sacrifice of a main by an Advisory Panel of the First Tokyo
artery (Koshima et al., 2003) Meeting on Perforator and Propeller Flaps

The term of propeller perforator flap, (Pignatti et al., 2011)
was used by Hallock (2006) for the first According to this consensus, a propeller
time to define a perforator flap based on a perforator flap is designed as a skin island
skeletonized perforator vessel and rotated with two paddles which can be of the
180 degrees. same dimensions or with a larger and a
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smaller one, the demarcation limit
between them being the perforator vessel.
To be a propeller flap, it has to rotate
around the perforator vessel for at least 90
to 180 degrees (Ramesh et al., 2013)

The aim of the present work was to
evaluate the reconstruction of the defect in
the leg by flaps.

PATIENTS AND METHODS

This study includes twenty patients
with leg defects who came to Al- Azhar
University Hospitals asking for leg
reconstruction in the period from Oct
2014 to Sep 2016. Full history, local and
general examination and compelet
investigations were applied for the
patients.

Patient counseling by explanation for
the patient the nature of surgery,
postoperative ~ care  and possible
complication, written consents and
photography were done.

Perforators were marked preoperatively
with an 8 MHz hand held Doppler device.
Perforator vessels were identified by its
unidirectional pulsatile flow.The ideal
perforator as pivot point was chosen
according to the larger and nearer to the
defect.

The flap was able to be rotated in a
clockwise or counter-clockwise direction,
function of the angle between the
proximal long axis of the flap and the
defect, and attention was paid to choose
the right rotational direction to avoid
kinking of the vessels.The donor site did
not be closed under tension to avoid
compressing the source vessel, and
swelling of the distal leg.

Dressing was provided with an open
window to observe the flap, especially the
flap-tip. A below knee-to-toe plaster-of-
paris or back-slab was applied, if there has
been a skin graft applied directly to the
muscle of the proximal leg or if it was
necessary to keep pressure off the flap.

This usually was applies to the peroneal
based flap used to cover defects on the
lateral malleolus. The patient’s leg is kept
slightly elevated on one pillow, and a bed
cradle was used to decrease the edema,
venous congestion and keep any heavy
blankets from putting pressure on the
injured leg.

Statistical analysis: Data management
and analysis were performed using
Statistical Package for Social Sciences
(SPSS) wversion 21. All results were
expressed as means * standard deviation.
Significance was considered at P<0.05.

RESULTS

Twenty patients with different sites of
leg defects were the subject of this study
with age 6-54 mean 32.8 + 17.33 SD,
intraoperative time 2.5-5 hours (mean)
3.75 = 1.32, defect size 4x2.5-20x12
(mean) 9.55x6.37+ 4.01x2.66 and flap
size 8x5-32x15 (mean) 13.60x8.25 =+
5.63x2.88 as in table (1) . 10 cases out of
20 were flaps based on the perforators of
the posterior tibial artery, 3 flaps were
based on perforators of the anterior tibial
artery and 7 flaps were based on
perforators of the peroneal artery as in Fig
(2).

All flaps were designed as propeller
flaps that were rotated from 90° to
180°.The donor site was closed by split
thickness grafts in 16 (80%) cases and 2
(10%) cases in which the donor site was
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partially primarily closed with the rest
grafted and 2 (10%) flaps was completely
primarily closed. Out of the 20 flaps, 14
(70%) healed uneventfully, 6 (30%) cases
were complicated as in table (2).

Out of the 10 flaps based on PTA, 7
cases (70%) healed uneventfully, 3 (30%)
cases were complicated, out of the 7 flaps
based on PA, 5 cases (71.5%) healed
uneventfully, 2 (28.5%) cases were
complicated and out of the 3 flaps based
on ATA, 2 cases (66.6%) healed
uneventfully, 1 (33.3%) cases were
complicated.

One case (5%) had loss of the distal 2
cm of the flap, but no further surgical
intervention  was  necessary  except
advancement. Another one case had
superficial ~ sloughing  with  healthy
granulation tissue underneath that was
covered after 3 weeks by split thickness
skin graft.

Two cases (10%) had congestion in the
1% six hours postoperative they had to be
reset and left insito for ten days then
propelled to the defect again.There is one
case (5%) that had bleeding postoperative
and entered the operating theater again to
control the bleeding with no further
necessary intervention. There is also one
flap (5%) that had delayed healing which
had done after 3weeks beside one flap that
had wound dehiscence which needed to be
sutured again after four weeks

According to the site of defect, 14
(70%) came with lower 1/3 defect, 4
(20%) came with middle 1/3 and 2 (10%)
came with upper 1/3 as in Fig (3).

Male to Female were 15 (75%):5 (25%).

Regarding the etiology Road Traffic
Accidents was 17 (85%), Post Burn
Ulcers was 2 (10%) and Chronic None
Healing Ulcers was 1 (5%) as in Fig (1).

Table (1): Range and average for each of age, intra-operative time defect and flap sizes.

Item Range mean SD
Age (years) 6-54 32.8 13.77
Intra-operative time (hours) 2.5-5 3.75 1.32
Defect size (cm) 4x2.5-20x12 9.55x6.37 4.01x2.66
Flap size (cm) 8x5-32x15 13.60x8.25 5.63x2.88
Data were presented as mean, SD or number (%) by SPSS.
Table (2): Donor site closure and complications
Donor site n=20 (%)
Donor site closure grafted 1 (80)
Partial 1ry closured+grafting 2 (10)
complete 1ry closured 2 (10)
Donor site complication Partial loss of the graft 1(5)
No complication 19 (95)

Data were presented as mean, SD or number (%) by SPSS.
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No of cases

Kpost burnulcer EIRTA O Ch. Non healing ulcer

85%

Figure (1): Pie chart of the causes of leg defects

propeller flaps of PTA propeller flaps of PA propeller flaps of ATA

No. of flaps
based on leg
arteries

Fig (2)The number of propeller perforator flap based on leg arteries.
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Fig (3) The number of cases in relation to the site of the defect in the leg

DISCUSSION

In the current work, perforator flaps
have been used to cover defects in 20
cases over the leg. Defects over the medial
and lateral malleoli were also covered by
perforator flaps. Flaps based on the
posterior tibial artery up to 20 x 14 cm
were safely elevated on a single
perforator. Rotation of up to 180° was
allowed as long as the flap based on a
single perforator, with adequate dissection
of the fascia surrounding the perforator to
allow free rotation of the flap. Similarly,
flaps can be raised along the antero lateral
aspect of the leg based on perforators of
the anterior tibial artery and the peroneal
artery (Coman et al., 2014).

The pivot point should base on the
distal perforators because it allows more
healthy skin proximally to be Included in
the flap to cover distal soft tissue defect

Although there is no definite limitation
on the size of the flap that can be
harvested (Francisco et al., 2014), it was
noted that the septocutaneous vessels from
the peroneal artery can Supply a skin
paddle of up to 22-25 cm long and 10-14
cm wide.

We attempted to extend the length of
the Flap beyond 25 cm, we have
succeeded to reach up to 32cm long and
15 cm wide with no complication. The
reliability of the propeller flap is
dependent not only on the length of the
flap, but also the pedicle size and rotation
angle. According to the anatomical
studies, the average perforator length from
to the peroneal artery is 3.7-5.4 c¢cm, and
the diameter of the perforator vein is
around 0.8 mm (Francisco et al., 2014).

Advocate that the chosen perforator
should be at least 0.5-0.8 mm in diameter
and 30 mm in length. Therefore, we
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usually try to mobilize the entire
perforator segment to obtain longer length
for less strain on the vessels.

This will also allow for easier rotation
and insetting. Propeller flaps based on the
peroneal artery allow the surgeon to make
the initial incision from either the medial
or lateral side, depending on the patient's
position. From the initial incision, the
most reliable perforator can be selected
under direct visualization, and the flap
design can be modified as needed based
on the location of the chosen perforator.
Usually one perforator is adequate to
supply the entire flap.

The lateral leg, which is mainly
perfused by a number of branches from
the peroneal artery, is one of the most
suitable areas for harvesting perforator
flaps (Francisco et al., 2014).

In addition, the prevalence of vascular
abnormalities in the leg has been studied,
and the peroneal artery is least likely to
have atherosclerosis.

The maximum flap size that safely be
based on a single perforator is still a
matter of debate, and may lead to partial
flap loss with ischemia of the edges.
Larger flaps can be raised on the medial
side of the leg compared with the
anterolateral aspect. This is due to the fact
that perforators arising from the posterior
tibial artery, although small in number, are
of larger diameter than those from the
anterior tibial and peroneal arteries, where
the converse holds (Quaba and Quaba,
2006).

There are many reports that have
described the anatomy of the perforator
vessels of the leg, but perforators and their

vascular territory are highly complex and
variable.

Many anatomical studies were perfor-
med to assess the number and caliber of
the perforators as seen in the peroneal
artery, for example Schusterman et al.
made 80 cadaver dissections and found an
average 3.74 cutaneous perforators from
the peroneal artery; Yoshimura et al. first
described the peroneal flap, they found 4.8
cutaneous branches.

These vessels tended to be musculocu-
taneous in the proximal one third of the
lower leg and septocutaneous in the distal
one third of the lower leg (Hallock,
2013).

The perforators predominate in the 13
to 18 cm interval, so they are most
frequently found in the middle third of the
fibula, and there is a constant perforator at
5 cm proximally to lateral malleolus
(Masia et al., 2008).

Anatomical studies of the septocu-
taneous vessels of the leg showed a
perforator that is consistently the lowest
one, proximal to the medial malleolus.
The largest perforators are those located in
the middle two quarters of the lower leg,
therefore free posterior tibial perforator-
based flaps are reliable, relatively large,
thin, making them useful without
sacrificing the posterior tibial artery.For
the anterior tibial artery a number of
perforators between 6 and 9 were found,
with a lesser caliber than for posterior
tibial artery perforators, with a greater
number of septocutaneous perforators than
musculocutaneous (Hallock, 2013)

Also known from other anatomical
studies, the anterior tibial artery gives an
average of 6 + 3 perforators to supply the
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skin over the anterior compartment of the
leg. They are both musculocutaneous and
septocutaneous; however the musculocu-
taneous perforators have a short course
within the muscle before reaching the
overlying integument (Lu et al., 2015).

The perforators of the posterior tibial
artery were found in a study to be mostly
septocutaneous and also with the largest
caliber and approximately constant
location. Their dissection was easier than
for the perforators of the peroneal or
anterior tibial artery due to their large
caliber and also location in the
intermuscular septa, it is known that
posterior tibial artery supplies 10% of the
integument of the lower extremity: — 337
+ 111 cm?. It supplies the tibia in addition
to the soleus, flexor digitorum longus and
tibialis posterior muscles and throughout
its course it supplies an average of 10 = 4
perforators to the skin.

Usually there is a row of four to five
septocutaneous perforators that emerge
from the intermuscular septum between
the soleus and flexor digitorum longus
that supply the overlying integument
(Chunlin et al., 2015).

There are certain well known
complications and effects of these
surgeries involving propeller flaps. The
venous congestion of the tip or of the
entire flap is the most common
complication, and is due to the insufficient
flow in the perforator pedicle, either
because of an inadequate selection of the
perforator, or because of an insufficient
dissection and clearing of the wvascular
pedicle, especially around the wvein
(Alexandru, 2012).

Very rarely it happens to loose the
entire flap, and from this point of view, in
some cases is better to choose a local
perforator flap, rather than a free flap. If a
free flap is lost, everything is lost, while
generally in a local perforator flap only

the superficial part is lost, which means
that the flap did its’ job of covering the
denuded anatomical elements. After
debridement, the remaining part of the
flap generally granulates very fast, and
can be grafted. If signs of congestion or
ischemia are observed intraoperatively, a
venous microsurgical anastomosis or the
derotation of the flap in its original
position can be attempted. If the vascular
problems appear only postoperatively, the
flap sometimes can be saved by removing
the  stitches, performing incisions,
applying local heparinization or using
leeches (Alexandru, 2012).

Handheld Doppler signals were easily
identified with high sensitivity and
positive predictive values when this
instrument  was used to identify
perforators larger than 0.4 mm in
diameter. It also was able to pick up
signals from perforators smaller than 0.4
mm, but had unacceptably high false-
positive result. The accuracy of handheld
Doppler may reach up to 919 %,
especially in gastrochnemius perforators.

Doppler is inexpensive and portable,
and its user friendly nature has made it a
very useful and common tool for the
planning of perforator flaps. A handheld
Doppler can demonstrate the direction of
blood flow, but fails to determine the size
of the vessel or its flow volume (Kareem
et al., 2012).

Accuracy of the color duplex is superior
to that of the handheld Doppler, making
its use mandatory for areas in which
anatomic variation is common and in
which the course of the perforators can be
affected by several other factors. Color
duplex also is capable of delineating the
size of the vessel and flow volume.
However, the results of the color duplex
are dependent on the operator, who is
expected to have some knowledge and
familiarity with the skin perforators. The
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lack of resources and expertise can restrict
color duplex availability as well as its use
(Khan and Miller, 2007).

CONCLUSION

The use of propeller flaps to cover
defects of the leg showed satisfactory
results as regards flap viability and
providing a suitable coverage of various
defects. The use of hand held Doppler
proved satisfactory in pre operative
delineation of the perforators. The safe
angle of rotation of the flaps varied from
90°and 180°. The use of propeller flaps
proved to be effective procedure in the
armamentarium of leg reconstruction field
and decreasing the donor site defect and
complication.
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