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Soft-Tissue Reconstruction Using a
Free Anterolateral Thigh Flap:
Experience With 28 Patients

Serkan Yildirim, MD
Gülden Avci, MD
Tayfun Aköz, MD

The authors present their experience using the free anterolateral
thigh fasciocutaneous flap for head and neck and extremity
reconstruction. From January 2000 through March 2002, 28 free
anterolateral thigh flaps were transferred to reconstruct various
soft-tissue defects. All patients were operated by two teams. All
flaps were elevated based on one perforator only. The sizes of the
flaps ranged from 9 � 11 to 20 � 26 cm. The success rate was
96.5% (27 of 28), with one partial failure. The cutaneous
perforators were always found. Septocutaneous perforators were
found in 3 of 28 patients (10.7%). Musculocutaneous perforators
(89.3%) were found in the remaining patients, and the number of
perforators ranged from two to five (average, three perforators). In
4 patients, flaps were used for sensate reconstruction. The
authors used the anterolateral thigh flap as a thin flap in 10
patients. Mean follow-up was 13.5 months (range, 2–25
months). Soft-tissue reconstruction with the free anterolateral
thigh flap in various regions of the body provides an excellent
functional and cosmetic result with minimal donor site morbidity.
The anterolateral thigh flap has many advantages over other
conventional free flaps and it seems to be an ideal choice for the
reconstruction of soft-tissue defects.
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The anterolateral thigh flap is a fasciocutaneous
flap based on the septocutaneous or musculocu-
taneous perforators derived from the descending
or transverse branch of the lateral circumflex
femoral artery or this artery directly. It was first
described by Song and colleagues1 in 1984 as a
septocutaneous perforator-based flap and subse-
quently by Xu and associates2 in 1988. Zhou and
coworkers3 reported their results with this flap in
1991. Koshima and colleagues4,5 developed an
anterolateral thigh flap for widespread clinical
applications in 1993. Since then, this versatile

flap has gained great popularity in the reconstruc-
tion of soft-tissue defects of the head and neck
and extremities, especially in mainland China,
Taiwan, and Japan.6–14 Although the anterolat-
eral thigh flap has many advantages over other
conventional free flaps, it has not been met with
the same enthusiasm in Europe and North Amer-
ica as it has in the Far East. Only a few studies
have been reported in Europe and North America
regarding the clinical use of this flap.15–17 The
difficulty of perforator dissection and variations
of vascular anatomy are major disadvantages that
preclude the widespread use of this flap. We
present our recent experience and some minor
modifications with the use of this versatile flap in
extremity and head and neck reconstruction.

Material and Methods

Since January 2000, we transferred 28 free antero-
lateral thigh flaps to reconstruct defects of vari-
ous types. The patients (26 male patients and 2
female patients) ranged in age from 8 to 75 years.
The size of the flaps ranged from 11 to 30 cm in
length and 9 to 20 cm in width (99–520 cm2 in
area). Of the 28 flaps, 16 were simple anterolat-
eral thigh fasciocutaneous flaps, 10 were thinned
anterolateral thigh flaps, and 4 were sensate an-
terolateral thigh flaps. Eighteen flaps were used
for reconstruction of defects of the lower extrem-
ity, six flaps were used for head and neck defects,
and four flaps were used for defects of the upper
extremity. The anterolateral thigh flap was com-
bined with the fibular osteoseptocutaneous flap
in 1 patient. Except one, all flaps were dissected
without loupe magnification. Except one, all ves-
sel anastomoses were performed using the surgi-
cal loupe (4.5� magnification). In 1 young male
patient, the flap was dissected using loupe mag-
nification, and vessel anastomoses were per-
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formed with an operating microscope. Three
flaps were used as flowthrough flaps in extremity
reconstruction. In 2 patients, end-to-side anasto-
moses were performed. In the remaining patients,
anastomoses were performed end to end. Donor
sites were closed primarily in 10 patients. In the
remaining patients, the donor sites were covered
with a split skin graft. Marginal necrosis of the
transferred flap occurred as a result of venous
insufficiency in 1 patient. The fascia lata that was
included in the flap was used in dura mater
reconstruction in 2 patients and for the recon-
struction of extensor tendon defects in 2 patients.

The type and origin of the perforators, number
of the perforators, length of the vascular pedicle,
diameter of the main vascular pedicle, flap dis-
section time, complications, and follow-up are
recorded (Tables 1 and 2).

The operative technique has been well de-
scribed in previous reports.2–4,6,9,11 We made
minor modifications in the surgical technique.
All patients were operated by two surgical teams.
According to previous reports, a line is drawn
between the anterior superior iliac spine and the
superolateral border of the patella to determine
the septum between the rectus femoris and the
vastus lateralis muscles. In many of our patients
we found that this line does not truly determine
the intermuscular septum. We recommend that
the septum first be palpated between the rectus
femoris and the vastus lateralis muscles, then the

line between the anterior superior iliac spine and
the lateral border of the patella over the septum
should be drawn. The midpoint of this line is
determined and used as the center of the circle,
and a circle is drawn with a 5-cm radius. The
location of the perforators is detected with a
hand-held Doppler probe within this circle. All
perforators were found in this circle in this series.

The patient is placed in a supine or lateral
decubitus position according to the location of
the defect. A preliminary template is prepared
according to the possible size of the defect. The
upper one third or center of this template is
inserted over the circle according to reconstruc-
tive requirements, and the flap margins are
marked. We first make an incision on the medial
margin of the flap down to the deep fascia. The
flap is elevated to the midline in the subfascial
plane for identification of the perforators. The
largest of the perforators is selected, and the
position of the flap can be changed according to
this perforator. The other three margins of the
flap are incised down to the deep fascia. The flap
is elevated completely while the perforators are
preserved. Except for the selected perforator, all
perforators are clamped with microvascular clips
to evaluate flap circulation. If there is no prob-
lem, other perforators are transected. If there is
vascular insufficiency, a second perforator is se-
lected and the flap is elevated based on two
perforators. In our series, all flaps were trans-
ferred safely based on one perforator only. Flap
circulation is checked and the selected perforator
is followed to the main pedicle by intramuscular
or intermuscular dissection. A few muscle fibers
(approximately 1.0 mm) can be taken with the
perforators during this dissection to prevent ves-
sel injury spasm. The perforator dissection is

Table 1. Demographics

Number/
Range

Rate (%)/
Average

Patients 28
Men 26
Women 2

Age (year) 8 to 75
Flap dimension (cm2) 99 to 520 232,7
Flap types

Thin 10 35,7%
Sensate 4 14,3%
Flow through 3 10,7%
Combined 1

Flap survival 28
Total 27 96,5%
Partial 1 3,5%

Management of donor site
Primarily closure 10 35,7%
Skin Graft 18 64,3%

Graft loss in flap donor area 2 7%
Follow up time (month) 2 to 25 13,5

Table 2. Operative Findings

Perforators

Musculocutaneous 25 89,3%
Septocutaneous 3 10,7%

Perforators origin
Descenden branch 26 92,9%
Transverse branch 2 7,1%

Pedicle length (cm) 10 to 16 12,5
Pedicle diameter (mm)

Artery 1,4 to 2,5 2,1
Vein 2,1 to 3 2,6

Dissection time (minute) 70 to 130 95
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completed and the descending branch or trans-
verse branch of the lateral circumflex femoral
artery is isolated in the intermuscular space as
well as the nerve supplying the vastus lateralis
muscle. This motor nerve should be preserved as
much as possible. The pedicle is dissected until a
desirable pedicle length is obtained. When the
flap is raised as a sensate flap, the incision is
extended a few centimeters from the superolat-
eral border of the flap proximally, and the lateral
femoral cutaneous nerve is found and included
in the flap. The main vascular pedicle is
transected after flap circulation is checked (ap-
proximately 10–15 minutes). A Hemovac drain is
inserted into the intermuscular space. The me-
dial and lateral margins of the donor site defect
are dissected 8 to 9 cm in the suprafascial plane,
and the donor site can be closed primarily if the
width of the flap is less than 11 cm.

Results

Twenty-eight anterolateral thigh flaps were trans-
ferred with a 96.5% success rate (see Table 1).
The combined anterolateral thigh flap with a
vascularized fibular osteoseptocutaneous flap
was performed in one case of extensive compos-
ite mandibular defect. The maximum flap size
was 26 cm in length and 20 cm in width (see
Table 1). Donor sites were closed primarily with-
out tension in 10 patients (35.7%) who had a flap
width less than 11 cm. A split-thickness skin
graft was used in 18 patients (64.3%; see Table 1).
Perforators were present in all patients. The
blood supply of the skin island was derived from
the septocutaneous perforators in only 3 patients
(10.7%). The other 25 flaps received circulation
from musculocutaneous perforators (89.3%; see
Table 2). One of the musculocutaneous perfora-
tors (3.5%) was derived from the transverse
branch of the lateral circumflex femoral artery
and ran parallel with the vastus lateralis muscle
(horizontal musculocutaneous perforator). Other
musculocutaneous perforators (85.8%) were de-
rived from the descending branch of the lateral
circumflex femoral artery vertically (vertical
musculocutaneous perforator). One of the septo-
cutaneous perforators (3.5%) was derived from
the transverse branch of the lateral circumflex

femoral artery and ran parallel to the vastus
lateralis muscle (horizontal septocutaneous per-
forator). The remaining two septocutaneous per-
forators (7.1%) originated from the descending
branch of the lateral circumflex femoral artery
vertically (vertical septocutaneous perforator).

In our series, 84 perforators with diameters
larger than 0.5 mm were visualized directly
(range, 2–5 perforators; average, 3 perforators).
Twenty-six of them were derived from the de-
scending branch of the lateral circumflex femoral
artery (92.9%; see Table 2). The remaining two
perforators (7%) were derived from the trans-
verse branch of the lateral circumflex femoral
artery.

The total length of the pedicle was measured
from the point where the perforator pierced the
deep fascia to the end point of the harvested
pedicle. The mean total length was 12.5 cm
(range, 10–16 cm; see Table 2). In the thin flaps,
the flap thickness was reduced to approximately
3 to 4 mm. The thinning procedures were per-
formed before main pedicle separation. The av-
erage arterial diameter of the vascular pedicle
was 2.1 mm (range, 1.4–2.5 mm) at the harvest
point (see Table 2). Two concomitant veins with
diameters approximately 2.1 to 3.0 mm (average,
2.6 mm) were always found with the descending
branch of the lateral circumflex femoral artery
(see Table 2). In our patients, the largest of the
veins was selected for venous anastomoses. All
cutaneous perforators (100%) were found within
a circle with a 5-cm radius. The center of the
circle was the midpoint of the line that was
drawn between the anterior superior iliac spine,
the intermuscular septum, and the superolateral
border of the patella. Fifty-four perforators
(64.3%) were found within a circle with a 3-cm
radius. The average flap dissection time was 95
minutes (range, 70–130 minutes; see Table 2).

The donor sites were closed primarily in 10
patients. Total flap survival rate was 96.5%. One
flap exhibited partial necrosis as a result of ve-
nous insufficiency. In 2 patients partial skin graft
failure was observed at the donor site. Both sites
were managed successfully using daily dressings
(see Table 2). The mean follow-up time was 13.5
months (range, 2–25 months). There was no im-
pairment in knee extension at postoperative
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month 3. All patients were satisfied with the
results both cosmetically and functionally.

Patient Reports

Patient 1
A 45-year-old man was admitted for treatment of
squamous cell carcinoma of the scalp invading
the cranium and dura mater in the parietooccipi-
tal region. The tumor was excised with a 3-cm
tumor-free margin. The skin defect was 20 � 26
cm; the dura mater defect measured 5 � 6 cm.
The left anterolateral thigh flap was harvested
based on one musculocutaneous perforator. The
dura mater defect was covered with vascularized
fascia lata included with the flap. Anastomoses
were performed to the right superficial temporal
artery and the concomitant vein. One year after
the operation, the result was satisfactory (Fig 1).

Patient 2
A 55-year-old man presented with poorly differ-
entiated squamous cell carcinoma on the dorsum
of the left distal forearm with extensor tendon
involvement. Wide resection of the tumor with
the involved extensor tendons was carried out,
and a 11 �14-cm defect remained. The defect was
reconstructed with a contralateral side anterolat-
eral thigh flap. The vascularized fascia lata was
prepared as tendon strips that were sutured to the
proximal and distal remnants of the extensor
tendons. The flap was used as a flowthrough flap,
and anastomoses were performed to the radial
artery and a dorsal vein. The donor site was
closed primarily. Satisfactory cosmetic and func-
tional results were obtained (Fig 2).

Patient 3
A 32-year-old man with an unhealed burn wound
of the popliteal fossa was treated with an ipsilat-
eral thin anterolateral thigh flap. The size of the
flap was 9.5 � 15 cm with a 12-cm vascular
pedicle. Anastomoses were performed to the an-
terior tibial vessels. The donor site was closed
primarily. Eighteen months after the operation,
the result was satisfactory (Fig 3).

Patient 4
An 8-year-old boy presented with skin loss on the
right medial malleolus with exposure of the bone

and tendon. An ipsilateral, thin anterolateral
thigh flap measuring 9 � 11 cm with a thickness
of approximately 3 mm was transplanted with
end-to-side anastomoses to the anterior tibial
vessels. The donor site was closed primarily. One
year after the operation, the surgical site was
quite satisfactory (Fig 4).

Fig 1. (A) (above) A 45-year-old man presented with
squamous cell carcinoma of the scalp with involvement of
the cranium and dura mater (below). The tumor was
excised widely and the defect was reconstructed using a
contralateral anterolateral thigh flap. (B) (left) Preoperative
view of the donor site. (left) Appearance of the donor site
resurfaced with a skin graft 1 year after the surgery.
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Discussion

The anterolateral thigh flap is based on either the
septocutaneous or musculocutaneous perforators
of the lateral circumflex femoral artery.1–5 This
flap has many advantages when compared with

other conventional free flaps. It is suitable for a
two-team approach. In this manner, the duration
of the operation can be reduced at least 1.5 to 2
hours. This flap provides a large skin territo-
ry.8–10 Koshima and colleagues5 reported their
maximum dimension of the anterolateral thigh
flap as 25 � 18 cm in their series. In our series,
the dimensions of the largest two flaps were 20 �

26 cm and 17 � 30 cm. The donor site of the
anterolateral thigh flap is suitable for various flap
designs and it can be used as a combined flap to
reconstruct composite defects.18 It can be thinned
safely to 2 to 3 mm.11 In our series a thinned
anterolateral thigh flap was used successfully for
extremity reconstruction in 10 patients. None of
the patients required a secondary debulking pro-
cedure. When obliteration of cavities with bulky

Fig 2. (A) (above) Squamous cell carcinoma on the
dorsum of the left distal forearm with involvement of
the extensor tendons. (below) Wide excision was
performed, and the skin and tendon defects were
reconstructed with a contralateral anterolateral thigh
flap. (B) (right) Preoperative view of the donor site. (left)
View of the donor site, which had been sutured
primarily.

Fig 3. (A) (left) Unhealed wound on the popliteal region.
(below) The appearance of the harvested, thin
anterolateral thigh flap. (B) (left) Early postoperative
view. (right) The appearance of the primarily closed
donor site and popliteal region with a natural contour
18 months after the operation.
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flaps is needed, the anterolateral thigh flap can be
used by planning the flap in the upper half of the
leg, where the subcutaneous tissue is thicker. The
dissection plane can interfere with the tensor
fascia lata in this region, but changing the dissec-
tion plane can solve this problem. If a thin flap is
required, the flap can be planned in the lower
half of the leg.

The length of the vascular pedicle was 10 to 16

cm (average, 12.5 cm). If a longer pedicle needed,
the upper one third of the flap should be planned
on the selected perforator. In this manner, extra
pedicle length (approximately, 3–4 cm) can be
obtained. In our series, a few cases needed ex-
tremely long vascular pedicles and we planned
the flap margin only 3 to 4 cm away from the
perforator to obtain a longer pedicle. No survival
problems were observed in these flaps. The aver-
age diameter of the vascular pedicle was 2.1 mm
for the artery and 2.6 mm for the vein in our
patients (see Table 2). The large-caliber vascular
pedicle facilitates microvascular anastomoses
and provides a high anastomotic success rate.
Vascular anastomoses can be performed success-
fully with loupe magnification except in chil-
dren, as in our series. The flap can be used as a
sensate flap by including the lateral femoral cu-
taneous nerve.9–11 In our series, four flaps were
used as a sensate flap, and protective sensation
was obtained in three of them.

A donor site defect less than 8 cm in width
could be closed primarily.4,7,9,10,13,14 We used a
skin graft to close the donor site if the width of
the flap was more than 10 to 11 cm. The lateral
and medial flaps of the donor site should be
dissected approximately 8 to 9 cm in the su-
prafascial plane and, subsequently, primary clo-
sure should be tried. If the fascia lata is not
harvested with the flap, there is no muscle her-
niation and primary closure can be attempted
easily.

The flap can be used as a flowthrough flap for
extremity reconstruction.11,12,15 We used it suc-
cessfully as a flowthrough flap in 3 patients.
Moreover, vascularized fascia lata can be used for
various reconstructive aims. Ao and coworkers12

described reconstruction of the Achilles’ tendon
using the fascia lata attached to the anterolateral
thigh flap. We used vascularized fascia lata for
dura mater reconstruction in 2 patients, and for
the reconstruction of the common extensor ten-
dons of the hand in 1 patient.

The variations in the vascular pedicle and the
difficulty of the perforator dissection are the chief
reasons that the anterolateral thigh flap has not
become popular in the West despite its advan-
tages. In our series, 84 perforators with diameters
larger than 0.5 mm were found. An average of
three perforators (range, two to five perforators)

Fig 4. (A) (left) Skin defect and exposure of the bone on
the right medial malleolus. (right) Harvested thin flap.
(B) (above) Early postoperative view of the right ankle.
(below) Appearance 1 year after surgery.
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derived from the lateral circumflex femoral artery
were identified (see Table 2). All perforators were
determined to lie within a circle with a radius of
5 cm. The center of this circle was the midpoint
of the line marked between the anterosuperior
iliac spine, the intermuscular septum, and the
superolateral border of the patella. We think that
the anterolateral thigh flap can be elevated with-
out locating the perforators preoperatively with a
hand-held Doppler probe if the flap includes the
entire circle or a medial incision is made at least
5 cm from the midpoint of this line.

Following the initial description of this flap as
based on the septocutaneous perforators,1 Xu and
associates2 reported only 40% of the perforators
were septocutaneous and 60% were musculocu-
taneous. This finding was confirmed later by
others.3,6–8,15,19–21 In our series, 25 patients had
musculocutaneous perforators (89.3%), whereas
only 3 patients had septocutaneous perforators.
Although Shief and colleagues8 reported that
27% of musculocutaneous perforators arise from
the transverse branch of the lateral circumflex
artery, we found that musculocutaneous perfora-
tors originated from the transverse branch in only
one case (3.5%; see Table 2). Musculocutaneous
perforators derived from the descending branch
of the lateral circumflex femoral artery in 24
patients (85.8%). As result, in 26 patients
(92.9%), perforators were derived from the de-
scending branch of the lateral circumflex femoral
artery. In conclusion, the majority of the patients
in this series had musculocutaneous perforators
(range, 60–90%). And a majority of these perfo-
rators (range, 67.6–92.9%) derived from the de-
scending branch of the lateral circumflex femoral
artery. We think that the variations in the vascu-
lar pedicle are not important for successful flap
elevation if the possible variations are known by
the surgeon, because the elevation of the flap is
based on the “find-the-perforator-and-follow-it”
principle in all circumstances. Retrograde dissec-
tion of the perforator to the main pedicle is
accepted as a difficult and time-consuming pro-
cedure. Although it took 120 to 130 minutes to
elevate the flap in the first few patients, operative
time decreased to 70 to 85 minutes after acquiring
experience in flap elevation.

The presence of hair in the flap for men and an
unacceptable scar in the donor area (especially

for women) are other minor disadvantages of this
flap. However, none of the our male patients have
complained about the hairy appearance of their
flap. If needed, laser or other conventional tech-
niques can be used successfully to remove these
hairs. We also think that the large scar of the
donor site is not a major concern because it can
be hidden easily. We think these disadvantages
are not important when compared with the ad-
vantages of this flap.

In conclusion, the anterolateral thigh flap is an
extremely versatile flap. We use this flap as the
first choice for the reconstruction of soft-tissue
defects. We think that the anterolateral thigh flap
donor site should be accepted as an ideal free flap
donor site for soft-tissue reconstruction because
of its high reconstructive capacity and low donor
site morbidity.

References

1 Song YG, Chen GZ, Song YL. The free thigh flap: a new
free flap concept based on the septocutaneous artery. Br J
Plast Surg. 1984;37:149–159.

2 Xu DC, Zhong SZ, Kong JM, et al. Applied anatomy of the
anterolateral femoral flap. Plast Reconstr Surg. 1988;82:
305–310.

3 Zhou G, Qiao Q, Chen GY, et al. Clinical experience and
surgical anatomy of 32 free anterolateral thigh flap trans-
plantations. Br J Plast Surg. 1991;44:91–96.

4 Koshima I, Fukuda H, Yamamato H, et al. Free anterolat-
eral thigh flaps for reconstruction of head and neck de-
fects. Plast Reconstr Surg. 1993;92:421–428.

5 Koshima I, Yamamato H, Hosoda M, et al. Free combined
composite flaps using the lateral circumflex femoral sys-
tem for repair of massive defects of the head and neck
regions: an introduction to the chimeric flap principle.
Plast Reconstr Surg. 1993;92:411–420.

6 Kimata Y, Uchiyama K, Ebihara S, et al. Anatomic varia-
tions and technical problems of the anterolateral thigh
flap. A report of 74 cases. Plast Reconstr Surg. 1998;102:
1517–1523.

7 Demirkan F, Chen HC, Wei FC, et al. The versatile antero-
lateral thigh flap. A musculocutaneous flap in disguise in
head and neck reconstruction. Br J Plast Surg. 2000;53:30–
60.

8 Shief SS, Chiu HY, Yu JC, et al. Free anterolateral thigh flap
for reconstruction of head and neck defects following cancer
ablation. Plast Reconstr Surg. 2000;105:2349–2357.

9 Luo S, Raffoul W, Luo J, et al. Anterolateral thigh flap: a
review of 168 cases. Microsurgery. 1999;19:232–238.

10 Kuo YR, Jeng SF, Kuo MH, et al. Free anterolateral thigh
flap for extremity reconstruction: clinical experience and
functional assessment of donor site. Plast Reconstr Surg.
2001;107:1766–1771.

11 Kimura N, Satoh K, Hasumi T, et al. Clinical application of
the free thin anterolateral thigh flap in 31 consecutive
patients. Plast Reconstr Surg. 2001;108:1197–1208.

Yildirim et al: Soft-Tissue Reconstruction Using a Free Anterolateral Thigh Flap

43



12 Ao M, Nagase Y, Mae O, et al. Reconstruction of posttrau-
matic defects of the foot by flow-through anterolateral or
anteromedial thigh flaps with preservation of posterior
tibial vessels. Ann Plast Surg. 1997;38:598–603.

13 Kimata Y, Uchiyama K, Ebihara S, et al. Anterolateral
thigh flap donor site complications and morbidity. Plast
Reconstr Surg. 2000;106:584–589.

14 Wei FC, Çelik N, Chen HC, et al. Combined anterolateral
thigh flap and vascularized fibula osteoseptocutaneous
flap in reconstruction of extensive composite mandibular
defects. Plast Reconstr Surg. 2002;109:45–52.

15 Pribaz JJ, Orgill DP, Epstein MD. Anterolateral thigh free
flap. Ann Plast Surg. 1995;34:585–592.

16 Cipriani R, Contedini F, Caliceti V, et al. Three dimen-
sional reconstruction of the oral cavity using the free
anterolateral thigh flap. Plast Reconstr Surg. 2002;109:53–
57.

17 Yu P, Sanger JR, Matloub HS, et al. Anterolateral thigh
fasciocutaneous island flaps in perineoscrotal reconstruc-
tion. Plast Reconstr Surg. 2002;109:610–616.

18 Koshima I, Hosoda M, Moriguchi T, et al. A combined
anterolateral thigh flap, anteromedial thigh flap, and vas-
cularized iliac bone graft for a full-thickness defect of the
mental region. Ann Plast Surg. 1993;31:175–180.

19 Wolff KD, Grundmann A. The free vastus lateralis flap: an
anatomic study with case reports. Plast Reconstr Surg.
1992;89:469–475.

20 Yıldırım S, Avcı G, Akan M, et al. Anterolateral thigh flap
in the management of postburn flexion contractures of the
knee. Plast Reconstr Surg. [In press].
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