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ABSTRACT

Background: The objective of this study is to compare
between the free anterolateral thigh flap and free medial sural
artery perforator flap in reconstruction of post traumatic soft
tissue defects of dorsum of the foot as regard the function,
the aesthetic outcome, the complications and the patient
satisfaction.

Patients and Method: The study was conducted on 40
patients with post traumatic soft tissue defects of the dorsum
of the foot between August 2018 and August 2019. Patients
were allocated randomly into two groups. In group 1 (20
patients), the defect was reconstructed with free anterolateral
thigh perforator flap. In group 2 (20 patients), reconstruction
was done by free medial sural artery perforator flap.

Result: In group 1 (ALT flap), Complete flap survival
was achieved in all cases. Thirteen patients required secondary
debulking procedures and scar revisions.

In group 2 (MSAP Flap), Complete flap survival was
achieved in 17 cases with one flap totally lost and two flaps
had distal necrosis. One patient needed scar revision and
another patient needed flap advancement.

Conclusion: MSAP flap is good alternative in soft tissue
reconstruction of the dorsum of the foot. It has many advan-
tages: It is thin, pliable, fitted to normal footwear, less hairy
and there is no need for secondary procedures in most cases.
ALT flap is better than MSAP flap in larger defects coverage
but may need secondary debulking procedures or primary
thinning at the time of reconstruction.
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INTRODUCTION

The foot is of paramount importance in human.
It maintains the standing posture and gives a stable
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relationship between the body and the ground
during walking. Foot function may be affected by
many pathological processes that could result from
many etiologies; however, trauma is by far the
most frequent cause. Despite the recent advances
in reconstructive options for foot defects such as,
muscle flaps and perforator flaps, foot reconstruc-
tion is still complexing and challenging. The micro-
surgery has revolutionized the reconstructive op-
tions of the leg and foot. Free flaps offer a variety
of coverage of variable sizes and multi-structural
defects of the foot [1].

Anterolateral thigh flap (ALT flap) is now a
common method for soft-tissue coverage due to
its large skin island, minimal donor-site morbidity,
long vascular pedicle and sufficient diameter for
micro-anastomosis. The flap also can be thinned
or accompanied with muscle to provide adequate
contour for various defects and complicated needs
[2] with possibility of two teams working simulta-
neously which will shorten the operative time.

Medial sural artery perforator flap (MSAP) has
limited donor site morbidity with suitable thickness
for shallow foot defects. Its long pedicle can be
anastomosed away of the trauma zone, with no
need to sacrifice major vessels of the leg, the donor
and the recipient sites are in the same operation
field which can be managed by one microsurgical
team for the entire flap harvest and inset [3]. Many
previous studies have discussed the use of medial
sural artery perforator flap in reconstruction of
head and neck, upper and lower extremity. In this
series we compared the using of ALT flap and
MSAP flap in reconstruction of soft tissue defects
of the dorsum of the foot.



PATIENTS AND METHODS

The study was approved by the medical research
Ethics Committee of Sohag Faculty of Medicine.
A written informed consent was obtained from
each participant patient or his/her legal guardians.

The study was conducted on 40 patients with
post traumatic soft tissue defects of the dorsum of
the foot between August 2018 and August 2019.
Patients were allocated sequentially into two
groups. In group 1 (20 patients), the defects were
reconstructed with free anterolateral thigh perfo-
rator flap. In group 2 (20 patients), reconstruction
was done by free medial sural artery perforator
flap.

The two groups were compared according to
age, sex, flap size, defect size, number of perfora-
tors, and type of anastomosis, recipient vessels,
donor site closure, complications, patient satisfac-
tion and need for secondary debulking procedures.

Group 1 (Free ALT flap Group, 20 Patients):

Harvesting technique of the ALT flap was the
standard technique described by Song et al., 1984
[4].
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End to end anastomosis was used in all patients.
Primary wound closure was done in 5 patients;
split thickness skin graft was used in 15 patients
for donor site closure (Fig. 1).

Group 2 (Free MSAP Flap, 20 Patients):
Harvesting technique of MSAP flap was the

standard technique described by Cavadas, et al.,
2001 [5].

End to end anastomosis was used in all patients.
Primary wound closure was done in 5 patients, and
split thickness skin graft was used in 15 patients
for donor site closure (Fig. 2).

Surgical debridement was done for all cases
before reconstruction. Vacuum assisted device was
applied for some patients till reconstruction. One
surgical team had operated all patients.

Statistical Package for Social Science (SPSS)
2019 software program was used for data analysis.
Patient satisfaction was measured by asking the
patient to answer a simple questionnaire which
included 4 points: The ability of normal foot wear
fitting, quality of walking, the aesthetic appearance,
and the donor site morbidity. According to the
results we categorize them into 3 categories: Good,
fair and poor.

Fig. (1): A case reconstructed with ALT flap: (A) ALT flap planning view. (B) Dorsal foot defect view.
(C) ALT flap 6 months post-operative view. (D) ALT donor site 6 months post-operative view.

(A) (B)

(C) (D)
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Fig. (2): A case reconstructed with MSAP flap: (A) MSAP flap planning view. (B) Dorsal foot defect view.
(C) MSAP flap 6 months post-operative view. (D) MSAP donor site 6 months post-operative view.

RESULTS

Seventeen males and 23 females with mean age
14.78±12.154 years. The mean dimension of flap
size was 123±59.9cm2. Soft tissue defects were
due to trauma in all patients. Patient's demographic
data were summarized in Table (1).

Group 1 ALT Flap:

Eleven females and 9 males with mean age of
11.8±11.4 years. Recipient vessels were anterior
tibial vessels in 18 patients and posterior tibial
vessels in 2 patients. Flap vascular pedicle length
ranged from 8cm to 15cm, it was tailored accord-
ing to flap size and site. Complete flap survival
occurred in 20 patients. Numbers of early and
late complications occurred. Three cases devel-
oped infection in the first post-operative week
treated conservatively with dressing and parenteral
antibiotics.

Late complications reported; four patients had
hypertrophic scarring. One patient developed itch-
ing and severe hyperpigmentation in the flap.
Thirteen patients required secondary debulking
procedures and scar revisions. As regard donor site
closure, five patients closed primary and 15 patients
requires split thickness skin graft. Overall compli-
cations rate was (8 of 20 patients). Patient satis-
faction was as follow: 3 patients poor, 8 patients
fair and 9 patients good (Table 2).

Table (1): Shows patient demographic data.

Number of
patients (n)

Age (years)

Sex (%)

Defect size
in cm2

p=0.003

Flap size
in cm2

p=0.003

20

11.8±11.4

11 females,
9 males

152±62.12

155.05±59.29

Group 1
ALT

20

17.75±12.40

12 females,
8 males

94.65±42.38

102.6±42.6

Group 2
MSAP

40

14.78±12.15

23 females,
17 males

123.33±59.9

128.83±57.47

Total

(A) (B)

(C) (D)



Group 2 MSAP Flap:

Twelve females and 8 males with mean age of
17.75±12.40 years. Recipient vessels were anterior
tibial vessels in 18 patients and posterior tibial
vessels in 2 patients. Vascular pedicle length ranged
from 8cm to 14cm. Number of perforators was one
in 9 patients, two in 8 patients, three in 2 patients
and 5 in one patient. Donor site closed primary in
5 patients and required skin graft in 15 patients.
Patient satisfaction was as follow: 1 patient poor,
3 patients fair and 16 patients good.
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Complete flap survival was achieved in 17
cases. One flap totally lost and two flaps with distal
necrosis. The totally lost flap occurred due to
venous congestion in the third day, re-exploration
and venous thrombosis was found. Venous
thrombectomy and re-anastomosis were done.
Eventually the flap lost and the patient was put on
VAC treatment for 2 weeks then the defect was
reconstructed with skin graft. Two patients present-
ed with distal end necrosis, the first flap managed
with dressing and healed secondary. The second
flap managed with a small skin graft. Infection
occurred in two cases, which was responded well
to conservatives.

Late complications were reported in one patient
who developed hypopigmentation in the flap and
donor site after 4 months post-operative. Overall
complications rate was (6 of 20 patients). Two
cases required secondary procedures, one patient
needed scar revision and the other patient needed
flap advancement. Complications of the two flaps
were summarized in Table (3).

Table (2): Showing flap survival, need for secondary proce-
dures and complications.

Flap survival
(N), percentage

Secondary procedures
(N), percentage
p=0.000

Complications
(N), percentage
p=0.000

20
100%

13
65%

10
50%

Group 1
ALT flap

19
95%

2
10%

6
30%

Group 2
MSAP flap

Table (3): Showing complications of the ALT and MSAP flaps.

ALT flap

MSAP flap

0

1

Total
Flap loss

0

2

Partial
flap loss

3

2

Infection

0

1

Hypopig-
mentation

1

0

Hyperpig-
mentation

4

0

Hypertrophic
scarring

8

6

Total
complications

DISCUSSION

Reconstruction of soft tissue defects around
ankle and feet is a great challenge facing recon-
structive surgeons. There was no sufficient subcu-
taneous tissue and muscles bulk. Trauma produces
shallow defects with exposed superficial tendons
and bones. Presence of shallow defects and ease
of exposure of tendons and bones offered a recon-
structive challenge [6,7].

Lower extremities and feet are associated with
decreased perfusion in comparison with head and
neck and upper limb. Distal peripheral arterial
diseases, trauma and limited connections between
lower limb vessels exacerbate the conditions and
harden the method of reconstruction [6,8].

Although varieties of local, distant and free
flap are available, there is no superior method for
reconstruction of foot defects [9]. The gold standard
option for reconstruction is free flaps which when
transferred to defects, they bring well perfused

tissue that ensure an infection-free healing for the
wounds and fractures [10].

Recently perforator free flaps offered a good
option for lower limb reconstruction [11-16]. Thin,
supple, firm skin coverage, rapid return to mobili-
zation, normal foot wear and minimal tolerated
donor site morbidity must be achieved for perfect
reconstruction [6].

Dorsal foot defects require unique method of
reconstruction which is mandatory for proper foot
wear [17]. In our study we were concerned with
the dorsum of the foot defects after trauma for
reconstruction.

In this series anterolateral thigh flap and medial
sural artery perforator flap were used for resurfacing
dorsal foot defects.

Anterolateral thigh flap was first described by
Song et al., 1984; it considered the preliminary
type of perforator flaps [4]. In literature, it has been
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considered an excellent option for head and neck
defects reconstruction. However, it was not the
first line of choice in lower limb reconstruction
[18]. The anatomical region of ALT is a wealthy
region; skin, subcutaneous tissue, fascia, muscle,
and nerve are available for transfer. In perforator
flap no muscle or just a small cuff around the
perforator may be raised leaving the muscle intact
minimizing the donor site morbidity.

Texture and color matching of ALT flap are
optimal for lower limb reconstruction in comparison
with head and neck region or in case of muscle
flaps and graft [8].

In 2010 Derimates et al., performed 20 cases
with 4 flap loss and one partial loss; they attributed
the flap loss to lower limb vessels conditions and
not due to perforator dissection problems. In our
20 patients we did not raise muscle or part of it.
We had to re-explore 2 flaps in the 2nd postoperative
day, but all flaps have survived completely. In
harvesting the perforator flaps, we should be very
cautious not to injure vascular pedicle during
dissection [18].

The ALT flap provides a reasonable long vas-
cular pedicle. The long vascular pedicle was im-
portant in post-traumatic foot defects to anastomose
the pedicle away from the trauma zone for success-
ful free flap transfer [19]. In our ALT series, the
pedicle length ranged from 8 to 15cm they could
be tailored according flap size and site of recipient
vessels.

ALT flap thickness is related to body mass
index. In obese patient, the flap tends to be bulky
which is not suitable for resurfacing of certain area
such as dorsal foot. To overcome this problem, a
thinning technique was described in literature
which greatly decrease flap bulkiness and improv-
ing aesthetic outcome [20,21,22]. However, thinning
was discouraged by some authors, as it may in-
crease the possibility of flap problems and partial
necrosis due to its detrimental effects on flap blood
supply [23]. ALT flap thinning was not done in our
series because we are not familiar with the tech-
nique and needed good experience. Unfortunately,
we had 13 patients who requested secondary pro-
cedures for debulking and scar revision.

Defect sizes range from 6*12cm to 12*25cm
so, we had to use skin grafts to close the donor
sites in 15 cases. Hypertrophic scarring, itching,
and paresthesia occurred in 5 cases. Patients have
been counseled prior to the operation and they
were informed about these possible complications;
they were more accepting them. This is shown in

patient's satisfaction which is nine patients scored
their own satisfaction as good, eight patients scored
it as fair, and three patients had poor satisfaction.

The medial sural perforator flap was firstly
described by Cavadas 2001 for lower limb recon-
struction [5]. The medial sural artery perforator
flap offers a thin and pliable flap even in obese
patient. Other tissue units are available in the flap
if needed. Many authors have found the MSAP
flap a reliable option for reconstruction of oral
cavity defects, head and neck, upper limb, lower
extremities and feet [3,24-32].

Complications found in our series are consid-
ered low when compared to other studies in liter-
ature (our complications are similar to literatures
in ALT). We had total loss of one flap due to venous
congestion and the defect was covered with skin
graft. We also had two flaps suffered distal end
necrosis treated with debridement and dressing
then the residual raw area was covered with a skin
graft. In 2005 Chen et al., reported one case of
partial flap necrosis out of thirteen cases in recon-
struction of tendon Achilles which was salvaged
with skin graft [3]. In 2006, Kim reported partial
necrosis of one flap out of nine cases in reconstruc-
tion of medial malleolus defect [33]. In 2009, Kim
et al reported distal flap end necrosis in diabetic
wound in forefoot and midfoot defect out of 11
cases [32]. Furthermore, in 2013, Wang et al.,
reported two cases with partial flap loss out of
nine cases and healed secondary with dressing [34].
In 2014, Hallock et al., reported one case of total
flap loss due to venous congestion which required
a second free flap [24]. All complications occurred
in MSAP flap can be managed with skin graft or
healing secondary, which was confirmed with our
study [24,31-33].

In comparing complications between the two
flaps, we find that late complications occurred
more in ALT flap due to bulkiness. In contrast in
MSAP flap we find early complications occurred
more due to small vessels of the flap for anasto-
mosis and venous congestion [35].

In 2013 Wang et al., described a preparation of
supplementary superficial vein for anastomosis if
needed [34]. In our series we prepared a superficial
vein, but we did not use it for anastomosis.

Donor site closure method is much affected
with flap width. Varying degree of morbidity oc-
curred. In 2018, Jandali et al., closed 14 cases
primary out of 22 cases [19]. In the study, flaps
width range from 5*8cm to 11*18cm so only 5
cases donor sites closed primary, in one of them,



the flap width was 8cm. Fifteen cases were closed
with skin graft but were well accepted by the
patients.

In previous studies, average number of perfo-
rators was 2.2 in average of 11.7 to 18cm from the
popliteal crease. Along the line drawn from the
popliteal fossa to medial malleolus the first perfo-
rator was at 8cm [36]. In this series number of
perforators ranges from 1 to 5 with a mean of 1.8
perforator. Site of perforators ranged from at 8cm
to 12cm from the popliteal fossa crease. Nine flaps
were raised on 1 perforator; eight flaps were raised
on 2 perforators, two flaps on 3 perforators and
one flap on 5 perforators. MSAP flap offered a
reliable long vascular pedicle which was long
enough to reach the recipient vessels outside the
trauma zone. Pedicle length of MSAP flap may
reach up to 15cm [37]. In this series, the pedicle
length ranged from 8cm to 14cm, each flap is
tailored according to the defect size and site and
perforator site. Fortunately, MSAP flap is quite
thin and pliable. Only two cases required secondary
debulking procedures. Patient's satisfaction was
as follow: 16 patients with good, 3 patients with
fair and one patient with poor satisfaction. The
flap thinness, pliability and normal footwear turned
a blind eye to the unsightly scar of the donor site.

In our work, ALT flap was not superior method
for reconstruction of dorsal foot defects. The flap
is bulky especially in obese patient which need
thinning whether primary or secondary and more
than one stage of debulking. It is better for large
defect coverage [38]. The donor site is concealed
especially for women and children. The ALT flap
is recommended for large dorsal defects of the foot
due to large sized flap and long pedicle [39], which
was confirmed in our work.

On the other hand, medial sural artery perforator
flap is a good method for small and medium sized
defects in dorsal foot [40]. The flap is quite thin
even in overweight patients. Thin flap offers favo-
rable solution for shallow defects of dorsal foot.
MSAP flap is aesthetically accepted and allow
normal fitted footwear. However, the unsightly
scar in the donor site may be upsetting to women
and children. From our point of view, the MSAP
flap is good alternative flap for dorsal foot defect
coverage.

Conclusion:
In conclusion, MSAP flap is a favorable option

of reconstruction for small and moderate sized
dorsal foot defects. It has many advantages as,
thin, fitted to normal footwear, accepted aesthetic
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appearance, less hairy and no need for secondary
procedures in most cases. ALT flap is superior in
larger defects coverage due to large flap size,
hidden donor site scar, long vascular pedicle.
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