
Introduction
For many years, covering the tissue defects of the lateral
triangle of the neck and the anterior cervical region has
required complex techniques because these two regions
are limited by the course of the sternocleidomastoid
muscle.[1,2] The deltoid region has never been exploited
to fill in for these tissue defects. Indeed, in the deltoid
region, muscular and musculocutaneous flaps are mostly

used in other indications.[3] In this case the morbidity on
the deltoid muscle is high, even when the donor site can
be primarily closed.[3] More recently, the advent of per-
forator flaps marked a turning point in the reconstruc-
tion of tissue defects of the neck. Besides, in the indica-
tions of loss of substances from the lateral triangle of the
neck and the anterior cervical region, the perforator flap
of the cervical transverse artery can provide an efficient
solution.[4] The perforator flaps are based on the muscu-
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Abstract

Objectives: Tissue defects in the lateral triangle of the neck and the anterior cervical region represent a high demand for plas-
tic and reconstructive surgery. Their management most often requires regional or free flaps. The perforator flap based on the
deltoid branch of the thoracoacromial artery (TAA) may be a good solution for these indications. The objective of this work is
to propose anatomical landmarks to raise perforator flaps pedicled on the deltoid branch of the TAA. 

Methods: We carried out dissection of 24 perforator flaps based on the deltoid branch of the TAA, in body donor specimens
preserved in a glycerin-rich, formalin-free solution. The TAA was first injected with methylene blue. The vascular territory, loca-
tion of perforators relative to known landmarks, along with the flap’s potential amplitude and arc of rotation were studied. 

Results: The main perforating arteries of the flap were located in the middle of the deltopectoral groove, often surrounded by
adipose tissue in 18 out of 24 dissections. In 22 out of 24 dissections, there were at least 2 perforator arteries originating from
the deltoid branch. The average diameter of the perforator arteries was 1 mm. The flap’s amplitude of movement made it pos-
sible to reach in all cases the lateral triangle of the neck and the anterolateral cervical region. 

Conclusion: The thoracoacromial artery has already been used for perforator flaps. However, the individualization of its del-
toid branch offers to practitioners new surgical options. This anatomical study of the perforator flap based on the deltoid
branch of the TAA made it possible to review the anatomical bases for the raising of this flap, and to fix useful landmarks
for the surgeon in order to propose an easily feasible surgical technique. 
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locutaneous perforators which cross the muscle and end
on a skin pallet without participating in the muscular
vascularization.[5] They therefore better match for filling
(or repairing) the loss of substance in question, with
reduced morbidity and a wider choice of donor sites. 

The thoracoacromial artery (TAA) originates below
the lateral half of the clavicle. It is a big artery located on
the anterior face of the axillary artery; its initial portion is
located behind the cranial margin of the pectoralis minor
muscle.[6–9] The deltoid and pectoral branches are the two
permanent voluminous arteries arising from the TAA. It is
also found inconstantly two other variable branches: a
clavicular branch (arising from the TAA) and an acromial
branch arising from the deltoid branch (when present).[6–9]

These four arteries (and their satellite veins) come out of
the TAA just below the clavicle. They meet on their way
the pectoralis major muscle which they cross from inside
out below the clavicle.[6–9] The clavicular branch medially
supplies the pectoralis major muscle, which is laterally
irrigated by the deltoid and acromial branches.[6–9] The
deltoid and acromial branches provide musculocutaneous
perforators for the subcutaneous tissue and skin of the
upper portion of the pectoral wall. It is common for the
acromial branch to arise directly from the deltoid branch;
this acromial branch also provides a musculoskeletal per-
forator for the subcutaneous tissue and skin above the del-
toid muscle and the clavicle (acromial end).[6–9] The deltoid
branch crosses the upper part of the deltopectoral groove
and ramifies into a superficial and a deep branch.[10,11] The
duplication of the fascia houses a small canal in which the
deep branch travels inside the deltopectoral groove. This
deep branch crosses superficial planes of its fascial canal, at
the level of the intermuscular space. It reaches the subcu-
taneous tissue and irrigates the skin overlying both the
pectoralis major tendon and the insertional portion of the
deltoid.[10,11]

In the literature, the perforator flap based on the del-
toid branch of the TAA has not yet been the subject of
anatomical study, this work therefore represents a pio-
neer study in this area. The aim of this study was to high-
light the feasibility of a perforator flap based on the del-
toid branch of the TAA, in covering tissue defects with-
in cervical regions. 

Materials and Methods
Prior to our work, all the institutional procedures con-
cerning cadaveric dissection were respected, as well as the
ethical framework. From an ethical point of view, our
work was based on the legislation at the time of the study.
We dissected 24 anatomical regions belonging to 12
cadavers (12 right and 12 left upper limbs). The 12 non-

formalin fixed cadavers consisted of 9 males and 3 females.
The mean age was 69 years (range 47–88). No history of
surgery or deformity was reported on the cadavers. The
areas targeted for dissection were supraclavicular, pectoral
and deltoid regions. For embalming we used a glycerin-
rich, formalin-free solution. Such a solution is used in the
laboratory of anatomy of Lille to preserve tissue supple-
ness. 

Our dissections were carried out in several phases. For
the first phase, the cadaver was placed in a supine position,
the lateral triangle of the neck was dissected and the clav-
icle removed. We dissected, identified and marked the
subclavian artery and its branches. The origin of the TAA
was exposed on the anterior side of the first segment of the
axillary artery. A mixture (gelatin, methylene blue and
iron powder) was used for infecting the TAA (Figures 1a
and b). The cadaver was then refrozen for 24 hours for
hardening the injected mixture.

In the second phase, the cadaver was thawed out at
room temperature and then placed in dorsal decubitus to
dissect the subcutaneous tissue and skin. For this phase,
the dissection made it possible to completely circumscribe
the cutaneous perforasome, and to detach it while sparing
the muscular layer. The superficial plane was then dissect-
ed and separated from the muscle layer over the entire sur-
face of the perforasome. Special care was taken at this
phase of the dissection to prevent damaging veins accom-
panying each perforating artery (Figures 2, 3a and b).
During this procedure, the perforating arteries were dis-
sected, inventoried and listed according to their character-
istics (location, dimensions, orientation, frequency and
size of the cutaneous perforasome). Perforasome area was
calculated based on a circular shape (radius × radius × π) or
elliptical shape (long radius × small radius × π). Dissection
of perforators was then continued through the muscle
while preserving the integrity of the pectoralis major mus-
cle. The superficial layer of the perforator flap was then
completely harvested with its pedicle. All measurements
were made by the same operator. The following equip-
ment was used for the various measurements: felt pen,
metal rulers graduated in millimeters, surgical suture, cal-
liper, thumbtacks, and magnifying glasses.

Results
The TAA had an average diameter of 2 mm. An average
of 2.4 perforators (range: 1–3) were found on the perfora-
some corresponding to the territory of the TAA’s deltoid
branch. The average diameter of these perforators was 0.9
(range: 0.5–1.5) mm. The perforators of the deltoid
branch are mainly observed over an area of 4 cm2 project-
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ing near the middle third of the deltopectoral groove
(Figure 4). The average dimensions of the perforasome
were 6×7 cm, corresponding to a mean area of 33 (range:
23.5–50) cm2. Its general orientation was descending on
the ventral side of the deltoid muscle and slightly oblique
infero-laterally (Figure 5). The extramuscular pedicle had

an average length of 1.8 (range: 10–30) cm and the trans-
muscular pedicle had an average length of 7 (range: 5–10)
cm. A 180° arc of rotation was possible from the pivot
point (Figure 6). In 19 of the 24 specimens, the deltoid
branch of the TAA and its perforators converged over the
middle third of the deltopectoral groove (pivot point). It
also appears that the acromial branch is always a daughter
branch from the deltoid branch.

The following topographic boundaries can be used
when dissecting this flap, although the perforasome area
often extends beyond these boundaries: caudally the hori-
zontal line passing through the nipple and the 4th inter-
costal space, laterally the vertical line passing through the
insertion of the deltoid muscle, medially the anterior edge
of the deltoid, the apex of the perforating flap lying near its
pedicle, along the deltopectoral groove. The more detailed
results are presented in Table 1 and Figures 1–3.

Discussion
Several anatomical and surgical series have already pro-
posed the musculocutaneous flaps of the thoracic mus-
cles in the indications of tissue defects in the lateral tri-
angle of the neck and the anterior cervical region.[12]

More recently the fasciocutaneous and perforator flaps
of pectoral region have been studied in the same indica-
tions.[1,2] In the loss of substance of the supraclavicular
area, the needs for soft tissue often require the harvest-
ing of local, regional or distant flaps. In these indications,
it is often the musculocutaneous flaps such as the flap of
the pectoralis major muscle or the flap of the trapezius
muscle which are preferred to conventionnal propeller
perforator flaps. Traditionally, the musculocutaneous
flap of the pectoralis major and the deltopectoral flap

Figure 1. Injection of dye on the right (a) and left (b) sides into the del-
toid and pectoral branches of the of the thoracoacromial artery in two
subjects. The deltopectoral groove is represented as a white line (speci-
men numbers 17 and 2). 

a

b

Figure 2. Dissecting the vascular territory of the deltoid branch of the
thoraco-acromial artery (specimen number 13). 
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were the first choices in terms of reconstruction of the
head and neck.[13,14] Unfortunately, functional and aes-
thetic requirements limit their use today. Indeed,
research is increasingly directed towards the flaps corre-
sponding exactly to the characteristics of the recipient

site, with a lower morbidity of the donor site. The main
disadvantages of these two flaps concern a high rate of
necrosis, the need for a skin graft to cover the donor site,
and a low rotation angle due to the short length of the
pedicle.[13,14] We also believe that these two flaps are not

Figure 3. Identification and dissection of the vascular territory (a) and perforators (b) of the deltoid branch of the thoracoacromial artery. 

a b

Figure 4. Distribution of the perforator of the deltoid branch of the tho-
racoacromial artery based on incidence. Blue: <40%; green: between
40 and 70%; red: >70%. 

Figure 5. Drawing of the perforator flap (range, 6-7 cm) based on the
deltoid branch of the thoracoacromial artery. R: long radius; r: small
radius. 
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Figure 6. Skin flap pedicled on the perforators of the thoracoacromial artery can be used to reach axillary (a) and cervical (b) regions. 

a b

Table 1
Summary of the findings in the 24 dissected specimens.

Min. Max. Average Dimensions Length of Arc of 
Number of diameter diameter diameter of deltoid Length of pedicle after rotation 

Diameter deltoid of deldoid of deltoid of deltoid branch’s extrafascial transmuscular from 
of TAA perforators perforators perforators perforators perforasome pedicle dissection pivot 

No Age Sex (mm) found (mm) (mm) (mm) (cm) (cm) (cm) point (°) Side

1 72 M 2 2 0.8 1.2 1 9 × 5 1.5 6 180 L

2 72 M 2 3 0.5 1.5 1 7 × 5 1.5 9 180 R

3 58 M 2 3 1 1 1 7 × 5 1.5 10 180 L

4 58 M 1 .5 2 0.8 1.3 1 5 × 9 2 8 180 R

5 63 M 2 2 1 1 1 7 × 5 1.5 5 180 L

6 63 M 2.5 2 0.5 1 0.8 6 × 7 1.5 6 180 R

7 88 M 1 1 0.5 0.5 0.5 5 × 7 2 10 180 L

8 88 M 1 3 0.6 1.5 1.1 5 × 7 1.5 8 180 R

9 67 M 2 2 0.8 1.2 1 6 × 8 1.5 5 180 L

10 67 M 2 3 0.7 1 0.9 6 × 9 2 7 180 R

11 64 M 2 2 0.6 1 0.8 5 × 9 1.5 9 180 L

12 64 M 1.5 3 0.8 1 0.9 5 × 7 1 8 180 R

13 75 M 1.5 2 1 1.2 1.1 6 × 9 2 6 180 L

14 75 M 1.5 3 0.8 1.2 1 5 × 8 1.5 6 180 R

15 87 F 2 3 0.8 1.2 1 6 × 9 2.5 5 180 L

16 87 F 2 1 0.8 0.8 0.8 8 × 5 2.5 6 180 R

17 82 M 2.5 2 0.5 0.9 0.7 6 × 8 2 7 180 L

18 82 M 2.5 2 0.9 1.3 1.1 6 × 7 1.5 8 180 R

19 69 F 2.5 3 0.8 1.2 1 6 × 8 2 9 180 L

20 69 F 2 3 0.5 1 0.7 5 × 7 1.5 8 180 R

21 57 M 3 2 0.8 1 0.9 6 × 9 3 5 180 L

22 57 M 3 3 0.5 0.9 0.7 8 × 7 2.5 6 180 R

23 47 F 1.5 3 0.8 1.2 1 6 × 9 1.5 6 180 L

24 47 F 2 3 0.6 1.5 1.1 5 × 9 1.5 5 180 R

TAA: thoracoacromial artery.
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suitable for the most superficial tissue defect in the cer-
vical region, because of their excessive thickness.

The pedicled flaps on the musculocutaneous perfora-
tor arteries have several advantages compared to conven-
tional musculocutaneous flaps, in particular during
reconstructions in soft tissue defects of head and neck.[5,6]

The proximity of these flaps to the head and neck gives
them an additional advantage in filling tissue defects of
these regions (Figure 6). The absence of hair is also a
positive point. In this region, the pedicled flap on the
transverse cervical artery is the most used.[4] For many
years, the perforator flap of the transverse cervical artery
made easier filling in soft tissues defects of neck and face.
Indeed, it fulfills several reconstruction criteria including
proximity to the head, good technical flexibility during
its harvesting, as well as similarities with head and neck
in terms of hairiness, texture, coloring and thickness.[4]

Compared to the perforator flap of the transverse cervi-
cal artery, our work shows that the perforator flap of the
deltoid branch of the TAA has excellent quality in addi-
tion to a long transmuscular pedicle (Figure 6). It spares
the deltoid muscle in all cases, which decreases the mor-
bidity of the donor site. The donor site can sometimes be
primarily closed (according to the flap size and shape) or
grafted. However, the perforator flap of the deltoid
branch of the TAA has not yet been the subject of
important anatomical studies to date.

According to Salmon,[10,11] the TAA is the main integu-
mentary artery in the anterior portion of the deltoid
region. It is divided in depth into two branches: one acro-
mial (the deltopectoral artery) and the other thoracic (or
pectoral). Our results are similar to those reported by
Thomas et al.[15] According to their study, the upper limb
presents on average 15 territories irrigated by 48 perfora-
tors. The average caliber of the perforators is 0.7 mm and
the perforasomes cover an average surface of 35 cm2. Our
work shows that the general orientation of the perforators
in the adipose tissue is oblique laterocaudally, parallel to
the deltopectoral groove, as stated by Salmon.[10] However,
for dissected specimens presenting 2 or 3 perforators, even
if the small branches have different orientations, they are
close to the oblique orientation described above. In our
dissection experience, the perforator flap based on the del-
toid branch of the TAA can be lifted craniocaudally on the
proximal part of the upper limb and placed on a recipient
site in a lateromedial position within the lateral triangle of
the neck, or in a caudocranial position within the anterior
cervical region (Figure 5). However, harvesting and plac-
ing the flap must respect its original orientation (cranio-
caudal or slightly oblique below and laterally according to

Salmon), the anatomical limits and the average flap
dimensions.

The drawing of the flap is therefore possible while
respecting the general orientation of the perforators of
the deltoid branch of the TAA, the anatomical limits of
the perforasome, and the point of origin of the terminal
branches of the TAA at the deltopectoral groove. When
we perform a retrograde dissection of the perforasome
and then the perforator while respecting the middle
third of the deltopectoral groove as a landmark, the pedi-
cle obtained from the deltoid branch of the TAA to its
axillary origin can measure up to 10 cm long. Despite the
fact that the deltoid branch of the TAA gives a constant
number of perforators which irrigate the subcutaneous
tissue and skin of the supero-anterior region of the upper
limb, none of these perforators is observed below the
horizontal line passing through the nipple and extending
over the arm. The perforasome irrigated by the deltoid
branch of the TAA is limited by: the horizontal line pass-
ing through the nipple caudally, the vertical line passing
through the insertion of the deltoid muscle laterally, the
anterior margin of the deltoid muscle medially, and the
apex of the flap lying near its pedicle, up to the middle
third of the deltopectoral groove. When dissecting this
flap, it is better to include the acromial branch of the
TAA and the territory assigned to it. Because the acro-
mial branch is always a daughter branch from the deltoid
branch as proved by our study. In addition, when it is
born early (a few millimeters after the birth of the del-
toid branch) it projects like its original branch against the
middle third of the deltopectoral groove. During dissec-
tions, our experience of harvesting and placing flaps
shows that, even if the vascular territory of the deltoid
branch covers in all cases the lateral triangle of the neck,
in 19 dissections out of 24 the anterior region of the neck
is easily accessible by this flap. In 5 cases the pedicle’s
length is insufficient. To reach cervical regions, a slow
and careful transmuscular dissection of the pedicle
should be performed. 

The work of Hue et al.[16] shows that the deltoid flap
is taken from a vascular transition zone. In fact, the del-
toid muscle flap receives three vascular pedicles dividing
it into three regions. These pedicles are represented by
the deltoid branch of the TAA and the posterior and
anterior humeral circumflex arteries. In fact, it is com-
mon during the preparation of the deltoid muscle flap to
injure the collaterals of the TAA.[16] The arterial vascu-
larization of the deltoid muscle is organized as fol-
lows:[3,16] the posterior humeral circumflex artery pro-
vides the main vascular source, followed by the anterior
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humeral circumflex artery, then by the deltoid branch of
the TAA. The posterior humeral circumflex artery has
the largest caliber and constitutes the vascular base of the
muscular and musculocutaneous flaps of the deltoid.[3,16]

However, in our work it appears that the deltoid branch
represents an important vascular source for the anterior
surface of the deltoid muscle.

For all our injections, the perforasome corresponding
to the deltoid branch of the TAA occupies only a part of
the skin corresponding to the deltoid muscle. For this
reason, the surgeon must take precautions when harvest-
ing this perforator flap. 

We might think that the perforator flap based on the
deltoid branch of the TAA represents the perforator
variant of the deltoid muscle flap. Actually, the deltoid
branch of the TAA is only the smallest arterial source of
the deltoid muscle.[3] Besides, the cutaneous perforasome
corresponding to this deltoid branch covers only the
anterior part of the deltoid subcutaneous tissue and skin.
It would therefore be interesting to complete our work
with another anatomical study focusing on cutaneous
perforasomes from perforator branches of the posterior
and anterior humeral circumflex arteries. Another limi-
tation of our study lies in the fact that all the dissected
subjects are of Caucasian type. It would be interesting to
make our sample more consistent, by including other
races in order to compare these first results.

Despite the popularity of the perforator flap of the
transverse cervical artery in the correction of cervicofa-
cial tissue defects, the perforator flap of the deltoid
branch of the TAA can be used for the same indications.
But that requires a careful pedicle dissection. In our
experience, it could even be used for loss of pectoral or
back tissues. In practice, the surgeon has to perform a
preoperative localization of the perforators, using a CT
scan or a Doppler ultrasound.

Conclusion
The deltoid branch of the TAA gives several perforators
which supply the subcutaneous tissue and skin of the ante-
rior part of the deltoid region. These branches can be used
as a vascular base for harvesting perforator flaps within the
deltoid muscle, in order to fill in tissue defect from the lat-
eral triangle of the neck and the anterior cervical region.
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