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The tensor fasciae latae (TFL) muscle is commonly used in plastic and reconstructive surgery as a transpositional or a free flap, in order to repair different kinds
of defects. In most cases its vascularisation is provided by an ascending branch
of lateral circumflex femoral artery (LCFA), which gives different numbers of
branches and enters the TFL muscle in different manners. The represented study
deals with the arterial vascularisation of the TFL muscle: the entrance of the
vascular stalk branches; variations of the LCFA bifurcation’s angle; and the skin
area of vascularisation. The study was performed on both lower limbs of a 100
foetal and 10 adult cadavers. The LCFA was injected with micropaque solution,
afterwards fixed and preserved in 10% formalin solution. Microdissection was performed under magnifying glass and surgical microscope. Analysis of adult cadavers
was performed to determine the skin area vascularised by perforating blood vessels
from the TFL muscle, by injecting methylene-blue dye into the artery, prior to which
all branches of the LCFA, besides the ascending branch, were ligated. The research
of a 100 foetal cadavers showed that the LCFA with its ascending branch ensured
the blood supply to the muscle. In 85% it gave two branches, the ascending and
the descending one, with the angle of bifurcation circa 90o in 73% of cases. The
ascending branch can give 0 or more terminal branches, or even form an arterial
net. Skin area affected with dye ranged from 18 × 22 cm to 23 × 28 cm and is in
positive correlation with the LCFA length and diameter. The understanding of the
presented variations have an exceptional significance in planning and applying the
TFL flap, especially free flap, in successful repairing and covering the defects, as well
as in preventing postoperative complications. (Folia Morphol 2015; 74, 3: 389–395)
Key words: tensor fasciae latae, lateral circumflex femoral artery,
reconstructive surgery, muscle flap, preventing flap necrosis, anatomical
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INTRODUCTION

or decubitus formation in immobile patients. Excisions of
soft tissue tumours from trunk wall can leave disfiguring
and difficultly restored defects, exposing some vital parts
of the body, usually large vessels [1, 5, 11, 33, 38].

Reconstruction of massive soft tissue defects is leading
issue in plastic and reconstructive surgery, usually after
tumourectomy, trauma, multiple surgical interventions,
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The tensor fasciae latae (TFL) flap is a versatile
flap with many different applications in plastic and
reconstructive surgery. It was first described as a pedicled rotation flap in 1934 [38], and then in 1978 as
a free flap by Hill et al. [13]. It is a myocutaneous flap
that incorporates the TFL muscle, fascia lata and the
overlying skin. For the defects of groin, perineum
and lower abdomen up to the umbilicus, the TFL
flap may be mobilised and rotated as a pedicled
flap (small and mid-sized defects within the arch
of rotation of the flap), and for the abdominal
defects superior to the level of the umbilicus it can
be transferred as a free flap. It offers a completely
autologous, single-stage reconstructive solution.
In the cases of free flaps the innervation of the TFL
muscle is lost, and therefore its tone and bulges as
well, so it is functionally passive [11, 27, 33].
The blood supply of the TFL flap has been described as being through the lateral circumflex artery
(LCFA) of the profunda femoris artery (PFA) [13, 15,
28]. LCFA is routinely a lateral branch of PFA, near
the root. It inclines between the anterior and the
posterior division of the femoral nerve, posterior to
the sartorius and the rectus femoris muscles, then
ends by dividing into the ascending, transverse and
descending branches. The ascending branch runs
under the TFL muscle and anastomosis with the superior gluteal and the deep circumflex iliac arteries
and supplies the greater trochanter, the head and
the neck of femur [13, 15, 28, 29, 31]. Some authors
describe that LCFA gives only the ascending and the
descending branch, while the transverse one is the
branch of the ascending one [17, 26]. The TFL flap
has a constant vascular supply from the ascending
branch of the LCFA with its accompanying commitant veins, and enters the muscle on its deep surface,
from 6 cm to 8 cm below the iliac crest at the level
of the greater trochanter. The skin is supplied by perforating branches through the muscle [13, 16, 28].
The LCFA blood vessel reaches the rectus femoris
muscle and provides a branch for the lateral vastus
muscle, while the branch supplying the TFL muscle
is divided into 2 or 3 wide terminal branches [16].
Besides that, the proximal part of the TFL muscle
is also vascularised by the superior gluteal artery,
while the skin of the lateral tight region and the
skin superficial to the muscle are vascularised by
the perforating blood vessels arising from the TFL
muscle [8, 19, 32, 39]. This has a special significance
in transpositional TFL flap.

Intraoperative negligence of variations of the TFL
flap’s vascularisation is a leading cause of the postsurgical flap necrosis. Understanding the TFL muscle
blood supply allows a safe transposition of the muscle, as well as the skin superficial to it [4, 14, 35, 36].
The aims of the study are to define anatomical variations of the LCFA and its ascending branch which supplies
the TFL flap, and to determine the skin area vascularised
by perforating blood vessels from the TFL muscle.

MATERIALS AND METHODS
The study was performed of autopsy material,
consisted of 100 foetuses, 59 male and 41 female;
and ten adult male cadavers.
Both lower limbs of each studied foetus, varying
in gestational age (from 5 to 10 lunar months, determined by parietal — coccyx length) were analysed
for the number, origin, pathway and branching of
the ascending branch of the LCFA, as well as for the
manner of entrance into the TFL muscle. Some of
the foetal cadavers with gestational age lower than
6 lunar months were excluded from the analysis because of the low calibre of examined blood vessels.
The arteries were injected with micropaque solution,
afterwards fixed and preserved in 10% formalin solution for approximately 6 months. Microdissection of
the lower limbs was performed using the magnifying
glass and the operating microscope.
Analysis of 10 adult cadavers (20 lower limbs),
aged from 25 to 65, was performed to determine the
skin area vascularised by perforating blood vessels
from the TFL muscle. All ten adults died of natural
causes of death: myocardial infarction due to atherosclerosis (5 cases), congestive heart failure (2 cases),
aortic stenosis (1 case), subarachnoid haemorrhage
due to ruptured aneurysm (1 case), and bacterial
pneumonia (1 case). There was not any fixation before
the examination. All cadavers were proceeded to the
medico-legal autopsy and the anatomical examination was performed before the autopsy. Following the
dissection, the arteriotomy of the LCFA was performed, and 40 mL of methylene-blue dye (1% solution)
was injected into the artery through the cannula. Prior
to the injection, all branches of the LCFA besides the
ascending branch were ligated, in order to ensured
visualisation of the skin area vascularised only by
the perforating blood vessels from the TFL muscle,
originating from the ascending branch of the LCFA.
The length and the width of the skin area affected
by dye were measured with millimetre-scale meter.
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Figure 1. Branching in 2 terminal branches; FA — femoral artery;
PFA — profunda femoris artery; LCFA — lateral circumflex femoral
artery; ab — ascending branch; db — descending branch.

Figure 2. Branching in 3 terminal branches; FA — femoral artery;
PFA — profunda femoris artery; LCFA — lateral circumflex femoral
artery; ab — ascending branch; tb — transverse branch; db —
descending branch.

Beside descriptive statistics, a non-parametric
ANOVA test for comparing differences in frequency
is used in the study having in mind values of proportions; as well as Pearson’s correlation and T-test.

There were no statistical differences regarding gender (p > 0.05) and left/right lateralisation (p > 0.05).

RESULTS

The angle of bifurcation of the ascending and the
descending branches after the branching from the
LCFA is circa 90o in 73% (124/170) of cases (68% in males and 77% in females, without statistical difference,
p > 0.05). The ascending branch has an almost horizontal pathway towards the TFL muscle in such cases.
The angle of bifurcation of the ascending and the
descending branches is sharp in 27% (46/170) of cases.
This way of bifurcation is noticed in cases of lower separation of the PFA, where the LCFA arises directly from
the FA. In such cases, the direction of the ascending
branch towards the muscle is almost vertical.
There was no statistical difference regarding left/
/right lateralisation (p > 0.05).

The angle of bifurcation of the ascending and
the descending branches and the pathway

The origin and the way of the ascending branch

Microdissections of 200 lower limbs show that
LCFA gives two terminal branches in 85% (170/200):
the ascending and the descending one (Fig. 1). In 8%
(16/200) of cases, the LCFA has also third terminal
branch — the transverse one (Fig. 2). The LCFA is not
present in 4% (8/200) of cases when the ascending and
the descending branches arise as direct branches of the
PFA, while in 3% (6/200) of cases the ascending branch,
descending branch and PFA divide by the common
trunk from femoral artery (FA) directly. The origin of
the ascending and the descending branches from some
other blood vessel has not been noticed in this sample.
Regarding the cases of 2 terminal branches of the
LCFA, the transverse terminal branch was the strongest branch of the ascending branch in 60% (102/170)
cases, whilst in other 26% the stronger one was some
other (Fig. 1), since for the rest it was not possible to
determine which branch was the strongest due low
calibre of vessels.

The manner of entrance of the ascending branch
into the TFL muscle

For precise determining the entering site of the vascular stalk into the TFL muscle, the distance from the
anterior superior iliac spine to the location where the TFL
muscle transferred into the iliotibial tract was measured.
In this way, the method of determination of the entering
site of the vascular stalk into the TFL muscle was stan-
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dardised. Since the foetuses were different in gestational
age, only the qualificative description of the entrance
is given. We have noticed that the vascular stalk enters
the muscle directly through its medial side in every case.

into 3 or 2 branches. The difference of frequency of
the division into more than 3 branches (7% of cases),
a net (8% of cases) and a single branch (12% of cases)
is not statistically significant to one another.
Due to low frequencies, gender and lateralisation
related statistics were not performed.

The number of terminal branches of
the ascending branch of the LCFA

Skin area vascularisation by perforating blood
vessels from the TFL muscle

Results related to the number and the way of
entrance of the terminal branches of the ascending
branch into the TFL muscle show that the ascending
branch can give a various number of terminal branches:
— 12% of cases show that it remains as a single blood
vessel and entered the TFL muscle as a whole vessel;
— 28% of cases show the ascending branch bifurcating into 2 terminal branches prior to the entrance
into the muscle. Those 2 terminal branches entered the TFL muscle through its medial side, in the
middle of the determined distance;
— 45% of cases show the ascending branch dividing
into 3 terminal branches prior to the entrance into
the TFL muscle: the ascending, the descending,
and the transverse ones. These 3 terminal branches enter the TFL muscle through various points
on the determined distance;
— 7% of cases show the ascending branch dividing into
more than 3 branches prior to the entrance into the
TFL muscle. In such cases the ascending branch is
divided into the ascending, the descending, and the
transverse portion. The ascending portion divides into
2 smaller terminal branches entering the superior part
of the TFL muscle; the descending portion also divides
into 2 smaller terminal branches entering the inferior
part of the TFL muscle; and the transverse portion
remains undivided and enters the middle part of the
TFL muscle as a single blood vessel. So, the maximal
number of terminal branches was 5;
— 8% of cases show the ascending branch enters the
muscle by forming an arterial net of vascularisation. The ascending branch divided into smaller
branches that create anastomosis one with each
other on the medial side of the TFL muscle, creating a net like formation entering the muscle.
Using the ANOVA statistics, the differences in frequency of manner of entrance of the ascending branch
into the muscle is highly significant (F = 5.394, p < 0.01),
independently for the gender and the lateralisation.
The difference mostly comes from the major number
of division into 3 branches. By using the method of
post-hoc analysis, we tested every single importance
of the difference for the couples. The difference is
significant when it comes to the anatomical division

Ten adult cadavers were injected with methylene-blue into the LCFA with all branches ligated except
the ascending one. The cadavers showed the area of
the skin affected with dye which was ellipsoidal in all
cases, presented on the lateral surface of thigh. The
diameters of the skin area affected with dye are given
in Table 1. Length of LCFA, as well as its diameter are
in direct positive correlation with skin area affected
with dye (Table 1).
The longer diameter of affected skin ellipse represents averagely 68% (min 51%, max 86%) of the
distance from anterior superior iliac spine to the Gerdy tubercle (lateral tibial condyle — area of roughness
on the anterolateral side of the tibia slightly inferior
from the joint space). The shorter ellipse diameter
is averagely 36% (min 22%, max 55%) of the thigh
circumference observed on that point (Fig. 3).
The distance of the far distal point of the dyed skin
area from the anterior superior iliac spine was measured, and the mean value was 24 cm (ranged 22–29 cm).
There were no statistical differences in skin area
affected with dye regarding gender (p > 0.05) and
left/right lateralisation (p > 0.05).

DISCUSSION
The results of our study prove that the main blood
supply of the TFL muscle is provided by the terminal
branches of the ascending branch of the LCFA, which is
indicated by some other authors as well [12, 13, 16, 21,
28, 36]. The frequency of branches supplying the muscle
was reported by Saadeh [28]. In that study, in 67% of
cases a single dominant branch of the ascending branch
supplied the muscle, in 13% another branch arising from
the same ascending branch provided the additional supply and entering in the middle third, whereas in 20% of
the cases the second vessel arose from the descending
branch and was destined to the lower third of the muscle.
The results of our research show that the ascending
branch arises from the LCFA in most cases. In 4% of
cases the ascending and the descending branches arisen
as direct branches of the PFA, while in 3% of cases the
ascending branch, the descending branch and the PFA
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Table 1. Correlation coefficients (R) for the lateral circumflex femoral artery (LCFA) length and diameter with the skin area affected
with dye
Mean
value

Standard
deviation

Minimum

Maximum

Correlation
coefficient

LCFA length [mm]

54

3.26

48

62

0.982

LCFA diameter [mm]

2.6

0.47

1.3

3.2

0.976

Skin area affected with dye [cm]

20 × 24

Not applicable to

18 × 22

23 × 28

Far distal point from the anterior
superior iliac spine

24

2.1

22

29

fibres transferred into the iliotibial tract. Most authors
share the opinion that the vascular stalk of the TFL muscle
is from 8 cm to 10 cm inferior to the anterior superior
iliac spine [3, 7, 12, 22, 23, 24, 25]. Jovanovic et al. [16]
considered that to be incorrect and uncertain, and
proposed that the point of orientation should be the
greater trochanter. Through their study, the bifurcation
of the terminal branches of ascending branch was
2.17 cm away from apex of greater trochanter, and since
it is palpable, it is easy to rapidly determine the vascular
pedicle of TFL muscle flap. This opinion was supported
by Gosain et al., too [10]. However, we think that the
great trochanter is a significant point in orientation but
not precise enough. The ascending branch, which is
dominant in the vascularisation of the flap as a unique
vessel, or its terminal branches which arise prior to the
entrance into the muscle, enter the TFL muscle in various
levels of the determined distance (anterior superior iliac
spine — the location of muscle fibres transferring into
the iliotibial tract), most commonly in the middle [1, 6].
The understanding that the bifurcation of the
ascending branch of the LCFA enters the TFL muscle
directly is of great importance when planning the
flap [1, 21, 36]. The results of our study show that
the number of terminal branches of the ascending
branch which arise prior to the entrance into the muscle was 0–8. In most cases (45%) the number of the
terminal branches is 3, which data is not supported
by the literature stating that the number of branches
of the ascending branch is usually 2 [12, 20, 21, 36, 37],
except with the study conducted by Jovanovic
et al. [16].
The pathway of the ascending branch and the
angle of bifurcation depend on the way of appearance and correlate with the origin, or the way of
appearance of the LCFA. The angle of bifurcation of
the ascending and the descending branches is in most

Figure 3. Skin area affected with dye. The white line represents the
anterior superior iliac spine (A) — the Gerdy tubercle (B) distance.
The circumference of the thigh at the point of maximal transversal
diameter of the affected skin area is showed by the yellow ellipse.

divided with a common trunk from the FA. Similar data
has been reported in literature. Usually, if the ascending
and the descending branch are not divided from the
LCFA, the case is that the ascending branch arises from
the PFA and the descending branch from the FA, ranging
from 0.9% to 3.2% [2, 9, 30, 34]. In some studies it was
shown that they both arise from FA in different percentages (0.5%, 0.9% and 1.5%) [2, 9, 34]. Our material did
not show the origin of the ascending and the descending
branches from any other blood vessel, which has been
presented by some other research [29, 35].
Our results also state that the LCFA gives two terminal branches, the ascending and the descending one,
and that the transverse branch represents the strongest
lateral branch of the ascending branch, since it usually
arises from the ascending branch. Rarely, the transverse
branch can be a direct branch of the LCFA or be missing.
Sabancıogullari et al. [29], and Pan et al. [26] reported
the same.
The ascending branch, which was of special significance to our research, ended near the great trochanter
in all the cases, near the middle of the distance: the
anterior superior iliac spine — location of the muscle
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cases almost right, and the pathway of the ascending
branch is horizontal in such cases. Less frequently,
the angle of bifurcation of the ascending and the
descending branches is sharp, and the pathway of the
ascending branch is vertical towards the muscle. This
way of bifurcation and the pathway of the ascending
branch are noticed in the cases of inferior separation
of the PFA from the FA in the femoral triangle of
Scarpa, when the LCFA separated directly from the
FA. The understanding of the way of separation, the
angle of bifurcation, the pathway, with the way of
entrance of the ascending branch into the muscle is
of great importance in assessing the vascular stalk
during reconstructions or graft application [1, 4, 6,
10, 36, 37].
Some authors share the opinion that the TFL
muscle is vascularised by the descending branch of
the LCFA [29], or even by the transverse branch of
the LCFA, where 5 to 7 perforator vessels are always
present [14], which was not noticed in our sample.
The average skin area dyed on the TFL flap, vascularised by the perforating branches of the ascending
branch of the LCFA was 20 × 24 cm — similar to the
data from the literature [14, 16, 35]. The distance of
the far distal point of the dyed skin area from the anterior superior iliac spine was 24 cm in average, which
is a point of orientation in length of the rotation arc
of the flap in surgery [14]. The TNF flap is ellipsoidal
in shape and represents averagely 68% of the distance
from anterior superior iliac spine to the Gerdy tubercle,
and averagely 36% of the thigh circumference.
Knowledge of the characteristics of the vascular
stalk of the TFL muscle, and especially the anatomical variances, has an extraordinary significance in
planning and successful using of the TFL flap, transpositional ones, as well as free flaps [1, 10, 15, 18].
Transposistional TFL flap sufrace is larger than the free
flap surface, which is due to the vascularisation of the
TFL muscle both by the LCFA and the superior gluteal
artery as an accessory vascular branch [8, 19, 32, 39].
It enters the TFL muscle proximally and therefore it is
not compromised during the elevation of the transpositional TFL flap. On the other hand, in elevation
of free flap, it is divided and ligated. Therefore, all
attemps performed by some authors to transfer
a free TFL flap with the surface matching the size of the
transpositional TFL flap resulted in distal flap necrosis.
So, the surface of free TFL flap is based strictly on the
vascular pedicle of ascending branch of LCFA alone,
and its area of vascularisation should be delineated

by prior colour-ink injection. This procedure allows
demarcation of the tissue that may be raised safely
as a free TFL flap. Elevation of a larger surface leeds
to partial flap necrosis [4, 7, 13, 25, 32].

CONCLUSIONS
The ascending branch of the LCFA plays a dominant
role in vascularisation of the TFL muscle. The location
of entrance of the terminal branches of the ascending
branch of the LCFA into the TFL flap is in different levels
of the distance between the anterior superior iliac spine
and the location of muscle fibres transferring into the
iliotibial tract, but most commonly in the middle of it.
The ascending branch may enter the muscle undivided
or divided into terminal branches, mostly in 3 of them.
The pathway and the angle of bifurcation of the ascending branch correlate with the way of appearance. The
angle of bifurcation of the ascending and the descending branches, in most cases is almost 90o, and in such
cases the pathway of the ascending branch is horizontal.
Less frequently the angle is sharp, noticed in the cases
of lower separation from the PFA where the LCFA arisen
directly from the FA. In such cases, the pathway of the
ascending branch is vertical. The skin area vascularised
by the perforating blood vessels of the TFL flap is
20 × 24 cm, average. The TFL flap is ellipsoidal in shape and
represents averagely 68% of the distance from anterior
superior iliac spine to the Gerdy tubercle, and averagely
36% of the thigh circumference. The distance of the
far distal point of the skin area dyed from the anterior
superior iliac spine is on average 24 cm, which is an
orientation point for the length of rotation arc of the
flap during surgery.
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