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PURPOSE
The anterolateral thigh (ALT) flap, which is nour-

ished by perforators from the descending branch of the 
lateral femoral circumflex artery, has been one of the 
most used flaps for soft tissue reconstruction.1 Because 
of its various advantages such as long vascular pedicle, 
relatively large flap, and possible harvesting in the supine 
position, the ALT flap can be applied to reconstruction of 
almost all areas, including the head and neck, upper and 
lower extremities, hand, trunk, and even breast recipi-
ent sites.2–6 It is also useful as a sensory flap by including 

the lateral femoral cutaneous nerve6 and as a functional 
reconstruction by harvesting with the vastus lateralis mus-
cle.7 The descending branch of the lateral femoral cir-
cumflex artery, of which perforator branches are feeding 
vessels for the ALT flap, and the motor nerve of the vastus 
lateralis muscle, which arises from the femoral nerve and 
divided to several branches running along the descend-
ing branch of the lateral femoral circumflex artery to 
innervate the vastus lateralis muscle, have many varia-
tions. Although there have been several anatomical stud-
ies on the lateral femoral circumflex artery2,8–10 and motor 
nerve of the vastus lateralis muscle7,11,12 on their own, the 
anatomical relationship between them has rarely been 
reported.13–15

Donor-site morbidities associated with the ALT flap 
have attracted increasing attention owing to its widespread 
use. Donor-site morbidity is as important as flap survival at 
the recipient site because it can affect a patient’s quality 
of life. Disorders of the donor-site include muscle weak-
ness, pain, sensory disturbances, and compartment syn-
drome.5,16–23 Among these, musculoskeletal dysfunction 
is one of the most notable disorders causing decreased 
muscle power of knee extension and fatigue during gait. 
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Background: The anterolateral thigh (ALT) flap, which is nourished by perforators 
from the descending branch of the lateral femoral circumflex artery (P), is one of 
the most commonly used flaps in soft tissue reconstruction. With the growing use 
of ALT flaps, attention toward donor-site morbidity has increased in recent years. 
Damage to the motor nerve branches of the vastus lateralis muscle (N) is one of 
the causes of donor-site morbidity, particularly muscle weakness. This study investi-
gated the anatomical locations of the P and N in fresh-frozen cadaveric specimens.
Methods: This study included 43 cadaver limbs. A silicone rubber compound 
(30 mL) was injected into the femoral artery to visualize the vessel. The locations 
of the P and motor points of N were measured to assess the risk of N injury during 
ALT flap harvesting.
Results: There were one to six (mean, 2.7) P and two to seven (mean, 4) N. When 
the two most proximal perforators were used for flap harvesting, an average of 1.5 
motor nerve branches (42%) was damaged because transection of the motor nerve 
branches was required for flap harvesting. In 33% of the limbs, only one motor 
nerve branch remained after the flap harvest. However, there were no cases where 
all motor nerve branches were severed.
Conclusion: When an ALT flap with two perforators is harvested, weakness of the vas-
tus lateralis muscle may occur in cases with a small number of motor nerve branches. 
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Kimata et al reported that more than 75% of patients 
who seemed to perform activities of daily living normally 
complained of muscular weakness and fatigue at the 
donor-site.16 Weise et al reported that maximum torque 
was measured for extension/flexion of the knee joint and 
yielded a significantly worse result for the donor side than 
for the contralateral side.23

Musculoskeletal dysfunction is caused not only by direct 
injury to the vastus lateralis muscle, but also by injury to the 
motor nerve of the vastus lateralis muscle during harvesting 
of the ALT flap.7,13,15,17,22 Only three anatomical studies have 
investigated the relationship between the lateral femoral 
circumflex artery and the motor nerve of the vastus latera-
lis muscle.13–15 Casey et al reported the running pattern of 
the descending branch of the lateral femoral circumflex 
artery and motor nerve of the vastus lateralis muscle from 
clinical cases to assess injury rates.13 Rozen et al performed 
anatomical studies on embalmed cadavers and examined 
the running patterns of the two largest perforators and the 
motor nerve of the vastus lateralis to assess injury rates.14 
Stewart et al reported the neurovascular anatomy at the 
“box junction,” the point at which the perforator arose 
from the source vessel.15 However, the overall anatomy of 
these two were not assessed in previous studies, and their 
detailed anatomical relationship is still unclear. This study 
aimed to investigate the overall anatomic locations of the 
perforators from the descending branch of the lateral 
femoral circumflex artery and the motor nerve branches 
of the vastus lateralis muscle using fresh-frozen cadaveric 
specimens and to determine which branches of the motor 
nerve are at a higher risk of injury.

MATERIALS AND METHODS
This study was conducted on 43 limbs from 23 fresh-

frozen cadavers without surgical or trauma scars on the 
femur and was completed at the department of anatomy, 
faculty of medicine, Chiang-Mai University, with institu-
tional ethical approval obtained.

Dissection Technique
After inserting a 14 G needle into the femoral artery 

and ligating the proximal part of the puncture site, 30 mL 
of a silicone rubber compound (MICROFIL; Flow Tech 
Inc., Carver, USA. Compound: 12 mL, Diluent: 15 mL, and 
Curing agent: 3 mL) was injected into the femoral artery 
to visualize the vessels. One hour after the injection of the 
sclerosing agent, meticulous dissection under a 2.5 × sur-
gical loupe was performed to expose all perforators from 
the descending branch of the lateral femoral circumflex 
artery and the motor nerves of the vastus lateralis muscle. 
Perforators from the transverse branch of the lateral fem-
oral circumflex artery and the deep femoral artery were 
excluded.

We determined the reference line (AP line) from the 
anterior superior iliac spine to the top of the lateral bor-
der of the patella and measured the number of skin perfo-
rators from the descending branch of the lateral femoral 
circumflex artery and their locations through the fascia 
femoris, the number of branches from the motor nerve 

of the vastus lateralis muscle, and the locations where the 
motor nerve branches invaded the vastus lateralis muscle 
(motor points). The locations were expressed as 0%–100% 
from the proximal to the distal side of the AP line.

Statistical Analysis
Statistical analyses were performed using SPSS for 

Windows, version 26.0 (IBM Corp., Armonk, N.Y.). The 
Mann–Whitney U test was used to compare the obtained 
data of locations of the perforators and the motor nerve 
branches. Statistical significance was set at P less than 0.05.

RESULTS
The cadavers included 31 male and 12 female limbs 

of various shapes. The age at death ranged from 42 to 95 
years (mean, 73.6 years), and height ranged from 142 to 
175 cm (mean, 162.8 cm). The distance from the anterior 
superior iliac spine to the top of the lateral border of the 
patella was 38–46 cm (mean, 41.8 cm). There were one to 
six (mean, 2.7) skin perforators (Ps) from the descending 
branch of the lateral femoral circumflex artery. Ps were 
designated as P-I to P-VI from proximal to distal, respec-
tively. There were two to seven (mean, four) branches of 
the motor nerve of the vastus lateralis muscle (Ns). Ns 
were designated as N-I to N-VII, from proximal to distal, 
respectively. Table 1 show the rates of presence of the 
perforators and the nerve branches. Figure 1 shows their 
mean locations.

Comparing the locations between the perforators and 
the nerve branches, N-I and N-II were significantly more 
proximal than P-I (P-I/N-I: P < 0.01) and P-II (P-II/N-II: 

Takeaways
Question: What are the anatomical relations of the perfo-
rators and the motor nerve branches when anterolateral 
thigh flap is harvested.

Findings: This study was performed using 43 fresh-frozen 
cadaveric limbs. When the two most proximal perfora-
tors were used for flap harvesting, 42% of motor nerve 
branches were damaged.

Meaning: This study aimed to investigate the overall ana-
tomic locations of the perforators and the motor nerve 
branches and to determine which branches of the motor 
nerve are at a higher risk of injury.

Table 1. Number and Presence Rate of Perforators from 
the Descending Branch of the Lateral Femoral Circumflex 
Artery and Motor Nerve Branches of the Vastus Lateralis 
Muscle
 Perforators, No. (%) Motor Nerve Branches, No. (%) 

I 43 (100) 43 (100)
II 40 (93) 43 (100)

III 21 (49) 41 (95)
IV 10 (23) 17 (40)
V 3 (7) 8 (19)

VI 1 (2) 2 (5)
VII  1 (2)
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P < 0.01), respectively. On the other hand, there were no 
significant differences between the distributions of P-I and 
N-II, P-II and N-III, P-II and N-IV, and P-II and N-V (P-I/
N-II: P = 0.079, P-II/N-III: P = 0.985, P-II/N-IV: P = 0.329, 
P-II/N-V: P = 0.438). When the two most proximal perfora-
tors (P-I and P-II) were used for flap harvesting from 40 
limbs with two or more perforators, 60 nerve branches 
(N-I: 9, N-II: 26, N-III: 17, N-IV: 6, and N-V: 2) from 144 
(42%) between the two perforators were damaged because 
transection of the motor nerve branches was required for 
flap harvesting (Fig. 2). On average, this was equivalent 
to damaging 1.5 motor nerve branches per limb. In 13 of 
the 40 limbs (33%), only one motor nerve branch (N-I: 8, 
N-II: 2, N-III: 1, N-IV: 1, and N-V: 1) remained after tran-
section of the motor nerve branches during flap harvest-
ing. However, there were no cases where all motor nerve 

branches were severed. When the three most proximal 
perforators (P-I, P-II, and P-III) were used from 21 limbs 
with three or more perforators for flap harvesting, 39 
nerve branches (N-I: 7, N-II: 17, N-III: 12, N-IV: 2, and N-V: 
1) from the total of 67 nerves (58%) could be damaged. 
In 13 of the 21 limbs (62%), only one motor nerve branch 
(N-I: 7, N-II: 3, and N-III: 3) remained after transection of 
the motor nerve branches during flap harvesting. There 
was one case where all motor nerve branches were severed.

DISCUSSION
The results of this study showed that there was an aver-

age of 2.7 perforators from the lateral femoral circumflex 
artery, and 93% of the cadavers had at least two perfora-
tors that could be used for ALT flap harvesting. The aver-
age locations of these two perforators (P-I and P-II) were 
51.1% and 63.8%, respectively, on the reference line from 
the anterior superior iliac spine to the top of the lateral 
border of the patella. The number and distribution of 
the perforators were similar to those reported in previous 
studies.9,24

In contrast, the number of motor nerve branches 
of the vastus lateralis muscle ranged from two to seven 
(mean, four), and 95% of the cadavers had at least three 
motor nerve branches. The average locations of the three 
motor nerve branches (N-I, N-II, and N-III) on the AP line 
were 43.0%, 54.5%, and 63.0%, respectively. Statistically, 
the most proximal motor branch (N-I) was located more 
proximally than the most proximal perforator (P-I), which 
might indicate that the N-I was unlikely to be injured dur-
ing flap harvesting. However, N-II was located between P-I 
and P-II, which might indicate that N-II was most likely 
injured during flap harvesting when both P-I and P-II were 
included in the flap. Statistically, there were no significant 
differences in the locations between N-III and P-II, N-IV 

Fig. 1. graph showing the locations of the perforators and motor nerve branches. the average loca-
tions of the perforators through the femoral fascia are as follows: P-i: 51.1%, P-ii: 63.8%, P-iii: 73.6%, P-iV: 
80.4%, P-V: 80.9% P-Vi: 87.5%. the mean locations of the motor nerve points are as follows: n-i: 43.0%, 
n-ii: 54.5%, n-iii: 63.0%, n-iV: 67.4%, n-V: 68.1%, n-Vi: 69.7%, and n-Vii: 75.0%.

Fig. 2. a photograph of the flap harvesting with two perforators. 
When the two proximal perforators (P-i and P-ii) are used for flap 
harvesting, two nerves (n-iii and n-iV) are damaged.
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and P-II, and N-V and P-II, which might indicate that there 
was a potential risk of injury to N-III, N-IV, and N-V during 
flap harvesting.

When the two most proximal perforators (P-I and P-II) 
were used for flap harvesting, 42% of the motor nerve 
branches located between P-I and P-II were damaged. 
However, there were no cases in which all motor nerve 
branches were severed. These results support previous 
reports that the ALT flap containing two perforators does 
not cause severe muscle weakness at the donor-site,17,19,20,22,23 
because the risk of sacrificing all motor nerves is very low. 
However, when the three most proximal perforators (P-I, 
P-II, and P-III) were used for flap harvesting, 58% of the 
motor nerve branches were damaged, and there was one 
case that killed all the motor nerve branches. As expected, 
the risk of nerve damage was found to increase with using 
more perforators for flap harvesting.

The vastus lateralis muscle is innervated by several 
motor nerve branches, and it is still unclear how many sac-
rificing branches will cause clinically significant dysfunc-
tion.14 The results of our study indicate that limbs with a 
small number of the motor nerve branches are likely to 
leave only one nerve branch after the flap harvest if two 
perforators are included in the flap (Fig. 3). In such cases, 
muscle weakness occurs more readily. However, despite 
the possibility of such cases, it is difficult to identify all 
nerve branches intraoperatively. To prevent muscle weak-
ness, it may be preferable to repair the severed nerve as 
much as possible after flap harvesting, or to abandon the 
use of two perforators when a single perforator is enough 
to nourish a flap.

Our study revealed that 42% of the motor nerve 
branches between the two perforators could be dam-
aged during flap harvesting. A retrospective study by 
Casey et al13 described that the motor nerve of the 
vastus lateralis muscle runs in three patterns around 
the descending branch of the lateral femoral circum-
flex artery in 43 clinical ALT flap cases, and the motor 
nerve could be damaged in 7% of cases when harvesting 

the flap because it passed over the perforators. They 
reported that to save the motor nerve, the donor-site 
was changed to the opposite side in one case, the ALT 
flap was changed to a tensor fasciae latae flap in one 
case, and nerve suturing was performed after resection 
in one case. Rozen et al14 reported on 36 embalmed 
cadavers dissected to study the running pattern of the 
two largest perforators and the motor nerve of the vas-
tus lateralis muscle. They reported three unfavorable 
motor nerve running patterns: the motor nerve passing 
through the perforator, through the main descending 
branch, or between the two perforators, with 10 of 36 
specimens (28%) having the potential for injury. Most 
recently, Stewart et al15 reported on 20 embalmed cadav-
ers to investigate the “box junction” that was defined 
as the circle of 10 mm radius centered on the point at 
which the perforator arose from the source vessel. The 
motor nerve branches were commonly related to per-
forators with most box junctions (45%) containing one 
or more branches of the nerve. They also found that 
24% of perforators had potential to affect flap harvest 
because of involving the nerve crossing directly over the 
perforator at the box junction.

Compared with previous studies, our reported injury 
rate was higher (42%). The reason for this higher injury 
rate may be explained as follows: Casey et al conducted 
a retrospective clinical study.13 They did not observe the 
entire anatomy of the descending branches of the lateral 
femoral circumflex artery or the motor nerve branches 
of the vastus lateralis muscle during surgery. Only the 
running patterns of the main trunk of the motor nerve 
of the vastus lateralis muscle were investigated, and not 
all branches, as in our study. Rozen et al identified the 
two largest perforators and investigated their relation-
ship with the motor nerve of the vastus lateralis muscle.14 
They used embalmed specimens with limited investiga-
tion and did not identify all the perforators, as in our 
study. Stewart et al also used embalmed cadavers.15 They 
investigated only the point of intersection between the 
perforators and the source vessel, and not all branches, 
as in our study. In our study, more detailed anatomical 
studies could be performed by using fresh-frozen cadav-
eric limbs with injection of Microfil to visualize the tiny 
vessels. Small perforators and motor nerve branches were 
identified more clearly than in previous studies, which 
may have resulted in a higher injury rate.

Our study had some limitations. First, the results using 
cadavers may differ from those of living bodies; the clini-
cal detriment of sacrificing a few motor nerve branches 
has not been determined, and the need for repair of the 
damaged nerve branches is unknown. Second, we did not 
mention the size of perforators and branches of the motor 
nerve. The larger nerve branches might be more function-
ally important, but it was difficult to prove this in anatomi-
cal study.

CONCLUSIONS
This anatomical study revealed that 42% of the motor 

nerve branches of the vastus lateralis muscle were damaged 

Fig. 3. a photograph of the flap harvesting with two perforators in 
a limb with a small number of motor nerve branches. When the two 
proximal perforators (P-i and P-ii) are used for flap harvesting, one 
nerve (n-ii) is damaged, and only n-i remains.
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when two perforators were included in the ALT flap. In 33% 
of the limbs, only one motor nerve branch remained after 
flap harvesting. These results highlight the importance of 
considering specific measures such as repairing severed 
nerves and reconsidering the use of two perforators.
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