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Abstract

Purpose The thoracoacromial trunk (TAT) originates from the second part of the axillary artery and curls around the supero-
medial border of the pectoralis minor, subsequently piercing the costocoracoid membrane. Knowledge about the location,
morphology, and variations of the TAT and its branches is of great surgical importance due to its frequent use in various
reconstructive flaps.

Methods A retrospective study was conducted to establish anatomical variations, their prevalence, and morphometric data
on TAT and its branches. The results of 55 consecutive patients who underwent neck and thoracic computed tomography
angiography were analyzed. A qualitative evaluation of each TAT was performed.

Results A total of 15 morphologically different TAT variants were initially established. The median length of the TAT was
set at 7.74 mm (LQ 3.50; HQ 13.65). The median maximum diameter of the TAT was established at 4.19 mm (LQ 3.86; HQ
4.90). The median TAT ostial area was set to 13.97 mm (LQ 11.70; HQ 18.86). To create a heat map of the most frequent
location of the TAT, measurements of the relating structures were made.

Conclusion In this study, the morphology and variations of the branching pattern of the TAT were presented, proposing a
new classification system based on the four most commonly prevalent types. The prevalence of each branch arising directly
from the TAT was also analyzed. It is hoped that the results of the present anatomical analysis can help to minimize potential
complications when performing plastic or reconstructive procedures associated with TAT.

Keywords Thoracoacromial trunk - Axillary artery - Subclavian artery - Perforator flaps

Introduction

The thoracoacromial trunk (TAT) originates from the second
part of the axillary artery and curls around the superomedial
border of the pectoralis minor, subsequently piercing the
costocoracoid membrane. It then divides into four branches,
the pectoral, deltoid, acromial, and clavicular branches [9].

Although rare, variations in the origin and branching pat-
tern of TAT may occur, numerous examples have been pre-
sented in the literature, such as a case of an anomalous radial
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artery arising from the TAT [7]. The “norm” in anatomy
is not as precise a concept as one would wish, and can be
considered an approximation [19]. The branching pattern
of the TAT has been a topic of great controversy, with some
studies stating that the lateral thoracic artery predominately
originates from the TAT rather than the axillary artery [8].
Additionally, other studies have reported that the acromial
branch does not originate directly from the TAT but from
other branches that do so [2, 4, 13].

Knowledge about the location, morphology, and varia-
tions of the TAT and its branches is of great surgical impor-
tance due to its frequent use in various reconstructive flaps.
The TAT pedicled perforator flap has been used in tracheal
reconstructive procedures. Several studies have described
this type of flap as a good choice for the repair of tracheal
defects due to its short harvest time, thin thickness, and
stable blood supply [1]. Zhang et al. presented a cadaveric
and clinical study on the potential clinical application of
the TAT perforator flap [18]. The authors of the study found

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00276-022-03016-4&domain=pdf

1330

Surgical and Radiologic Anatomy (2022) 44:1329-1338

a constant TAT perforator in the septum of the clavicular
and sternocostal heads of the pectoralis major muscle in 21
of 24 hemichests. Furthermore, they presented seven clini-
cal cases in which the TAT flap was used, with no reported
complications. Due to the importance of TAT in numerous
reconstructive procedures, the goal of the present study was
to provide surgically useful data on TAT and its relationship
to surrounding structures. Furthermore, a heat map of the
prevalence of the origin of TATs was presented. Different
correlations and alliances between the analyzed parameters
were also established. It is hoped that the results of this arti-
cle can help minimize the potential surgical complications
associated with TAT and its branches.

Patients and methods
Bioethical committee

The research protocol was submitted for evaluation and
approved by the Bioethical Committee of Jagiellonian Uni-
versity, Cracow, Poland (1072.6120.51.2022). Further stages
of the study were carried out according to the approved
guidelines.

Study group

A retrospective study was conducted to establish anatomical
variations, their prevalence, and morphometric data on the
TAT and its branches. The results of 55 consecutive patients
who underwent neck and thoracic computed tomography
angiography (CTA) were analyzed in the Department of
Radiology of the Jagiellonian University Medical College,
Cracow, Poland, in April 2022. The results of each patient
were analyzed bilaterally. Therefore, a total of 110 TATs
were initially evaluated. Exclusion criteria were established
as follows: (1) neck and/or thoracic trauma affecting the
course of the TAT and/or its initial branches, (2) significant
artifacts that prevented accurate and precise imaging and/
or measurement of the TAT and/or its initial branches, (3)
low-quality and illegible images, and (4) significant lack of
filling the whole arterial system with contrast. Defects that
met the exclusion criteria but included only one side of the
CT without interference with the contralateral side did not
disqualify the entire CT, but only the affected side. There-
fore, of the initial 110, a total of 61 TATs were excluded
to minimize a potential bias. Of the 61, a great majority
(n=55) were excluded due to significant artifacts and/or
lack of contrast filling. The rest (n =6) were excluded due
to being low-quality images. Eventually, 49 TATs met the
required criteria.
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Results’ acquisition

All head and neck CTA were performed on a 128-slice
scanner CT (Philips Ingenuity CT, Philips Healthcare).
The main CT imaging parameters were as follows: colli-
mation/increment: 0.625/0.3 mm; tube current: 120 mAs;
field of view: 210 mm; matrix size: 512 x512.

All patients received intravenous administration of
contrast material at a dose of 1 ml/kg (standard dose). A
non-ionic contrast medium (CM) containing 350 mg of
iodine per mL was used (Jowersol 741 mg/mL, Optiray®,
Guerbet, France). CT data acquisition was triggered using
a real-time bolus-tracking technique (Philips Healthcare)
with the region of interest (ROI) placed in the ascending
aorta. The CM was intravenously injected using a power
injector at a flow rate of 5 mL/s, which was immediately
followed by injecting 40 mL of saline solution at the same
flow rate. Following injection of CM and saline, image
acquisition was automatically started with a 2 s delay
when the attenuation trigger value reached a threshold of
120 Hounsfield units (HU). Scanning was performed in
the caudocranial direction, while the CTA examination
was started at the level of the aortic arch up to the circle
of Willis.

The CTAs were analyzed on a dedicated workstation
in the Anatomical Department of Jagiellonian University
Medical College, Cracow, Poland. To ensure the highest
possible quality of the visualizations and measurements
and minimize potential bias, Materialise Mimics Medical
version 22.0 software (Materialise NV, Leuven, Belgium)
software was used. Three-dimensional (3D) reconstruc-
tions of each scan were developed, employing a set of
settings, severally adjusted to each scan. Due to the nature
of the contrast study, the cut-off level was set at the lower
limit of normal, oscillating in the range of 25-80 HU. The
range was individually adjusted to each TT after a visual
investigation.

Evaluation and measurements

Each TAT, including its course, branches, and close ana-
tomical area, was fully visualized at the beginning of each
evaluation. Furthermore, each branch of the TAT was iden-
tified by following its course. The direction of the TAT and
a set of its branches with their arrangement were evaluated
and descriptively noted. Afterward, a set of measurements
was executed on each TAT. The literature lacks a clear
definition of the TAT and how its length should be meas-
ured; therefore, the authors decided that the TAT length
would be established as the shortest distance followed over
the surface of the TAT (from the axillary artery to the
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point of the first branch). The authors recognize the TAT
as an arterial branch of the axillary artery, which ends at
the sprouting point of its first branch. On each TAT, a set
of parameters were measured: (1) TATs length, (2) TATs
maximal diameter at its origin, (3) TATs ostial area at its
origin, (4) distance from the coracoid process to the clavi-
cle, (5) distance from the coracoid process to the second
rib, (6) distance from the clavicle process to the second
rib, (7) distance from the coracoid process to the TAT, (8)
distance from the clavicle to the TAT, and (9) distance
from the second rib to the TAT. Additionally, each pectoral
branch has been measured. To maintain objectivity, the
same measurement pattern was followed when establishing
distances between structures. Additionally, each trunk was
qualitatively evaluated with respect to its branches, their
pattern, and their subsequent branches. Each measurement
was obtained twice, by two independent researchers, and a
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Fig. 1 Measurement methodology presented in graphical form. To
determine the TAT morphology, the multiplanar reconstruction of CT
images was performed. PROX AA Proximal axillary artery; DIST AA
distal axillary artery; TAT thoracoacromial trunk; Delt deltoid branch
of TAT; LatT lateral thoracic artery; Pect pectoral branch of TAT;
(1) Length of TAT; (2) maximal diameter of TAT; (3) TATs’ ostial

mean value was established afterward. The measurement
methods used in this study are presented in Fig. 1.

Statistical analysis

Statistical analysis was performed with SATISTICA v13.1
(StatSoft Inc., Tulsa, OK, USA). The frequency and per-
centages presented qualitative features. The Shapiro—Wilk
test was used to assess the normal distribution. Quantita-
tive characteristics were presented by medians and upper
and lower quartiles (UQ, LQ), as well as means and stand-
ard deviation (SD), depending on the verified normality of
the data. Statistical significance was defined as p <0.05. U
Mann—Whitney and Wilcoxon signed-rank tests were used to
establish potential differences between groups. Spearman’s
rank correlation coefficient was used to determine possible
correlations between the parameters.

area; (4) distance from the coracoid process to the clavicle, (5) dis-
tance from the coracoid process to the second rib, (6) distance from
the clavicle process to the second rib, (7) distance from the coracoid
process to the TAT, (8) distance from the clavicle to the TAT, and (9)
distance from the second rib to the TAT. An asterisk (*) indicates the
length of the corresponding consecutive Pect of TAT or its branches
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Results
Baseline characteristics

A total of 49 TATs were from patients between 15 and
82 years of age, with a mean age of 50.57 (SD 18.39), of
which 21 (42.86%) were from women and 28 (57.14%)
were from men. The left sides were analyzed in 24 cases
(48.98%) and the right sides in 25 cases (51.02%). The
direction of each TAT was evaluated. The trunk originated
more frequently in the superior position (81.63%), but in
some cases, it originated anteriorly (18.37%).

TAT variations

A qualitative evaluation of each TAT was performed. Five
different arteries branching off directly from the TAT were
noted: (1) pectoral artery; (2) acromial artery; (3) clav-
icular artery; (4) deltoidal artery, and (5) lateral thoracic
artery. Repetitively, in all the evaluated cases, the pec-
toral arteries ran anterolaterally toward the walls of the
thoracic cage, the clavicular arteries ran to the clavicles,
the deltoid arteries ran to the deltoideus muscles, and
the acromial arteries ran to the muscles in the acromial
region. No exceptions were noted. In general, a total of 15
morphologically different TAT variants were established.
However, only three of them showed significant repeatabil-
ity. Therefore, a classification system was developed for
branches that originate directly from the TAT and 4 main
types were set as follows: (1) Type 1: TAT arises from the
second part of the axillary artery. First, the lateral thoracic
artery branches out, and then the deltoid artery. (2) Type 2:
TAT arises from the second part of the axillary artery. The
lateral thoracic, pectoral, and deltoid arteries branch out
sequentially. (3) Type 3: TAT arises from the second part
of the axillary artery. First, the pectoral artery branches
out and then the deltoid artery branches out. (4) Type 4:
Any other variation. Type 1 was found in 19 of the cases
(38.0%), type 2 was found in 9 of the cases (18.0%), and
type 3 was found in 8 cases (16.0%). Type 4 consisted of
the 11 remaining types evaluated. However, none of these
types was observed more than two times. The other varia-
tions, which were represented as type 4, were observed in
14 of the cases (28.0%). Types 1, 2, and 3 are illustrated in
Fig. 2. Taking into account branches that originate directly
from TAT, the prevalence of each recognized artery has
been demonstrated. The lateral thoracic artery branched
directly out of TAT in 31 (63.3%) of the cases. Further-
more, the pectoral artery branched out in 29 (59.2%), the
clavicular artery in 8 (16.3%), the acromial artery in 2
(4.1%), and the deltoid artery in 46 (93.9%) of the cases.

@ Springer

General measurements

The median length of the TAT was set at 7.74 mm (LQ
3.50; HQ 13.65). The median maximum diameter of the
TAT was established at 4.19 mm (LQ 3.86; HQ 4.90). The
median TAT ostial area was set to 13.97 mm (LQ 11.70; HQ
18.86). To create a heat map of the most frequent location
of the TAT, measurements of the relating structures were
made. The median distance from the coracoid process to
the clavicle was established at 48.42 mm (LQ 40.88; HQ
53.12). The median distance from the coracoid process to
the second rib was established at 50.88 mm (LQ 40.17; HQ
56.13). The median distance from the clavicle to the second
rib was established at 45.29 mm (LQ 38.32; HQ 49.73).
The median shortest distance from the coracoid process to
TAT was established at 33.55 mm (LQ 28.20; HQ 40.87).
The median shortest distance from the clavicle to the TAT
was established at 30.99 mm (LQ 27.66; HQ 36.63). The
median shortest distance from the second rib to the TAT
was set to 18.18 mm (LQ 14.31; 22.82). The aforemen-
tioned results allowed the authors to create an anatomical
map of the occurrence of TAT in the clavipectoral triangle.
The anatomical map is illustrated in Fig. 3. The length of
the pectoral artery was also determined due to its clinical
significance in reconstructive flaps. Furthermore, its origin
(whether it originates directly or indirectly from TAT) and
abundance have been taken into account. The median length
of the pectoral branch, branching directly off from the TAT
was set to be 70.54 [mm] (LQ 68.72; HQ 75.54). All the
results mentioned above and more detailed descriptions are
presented in Table 1.

Sexual dimorphism

Regarding all the categories mentioned in Table 1, the poten-
tial differences between men and women were analyzed.
The measurement results obtained from male cases were
significantly higher in 7 of 9 categories (p <0.05): (1) TAT
maximal diameter; (2) TAT ostial area; (3) distance from the
coracoid process to the clavicle; (4) distance from the cora-
coid process to the second rib; (5) distance from the clavicle
to the second rib; (6) distance from the coracoid process to
the TAT; (7) distance from the second rib to the TAT. All
the results mentioned above and more detailed descriptions
of sex differences are presented in Table 2.

Associations between parameters

Potential correlations were analyzed for each of the catego-
ries and for the age. The only parameter that statistically cor-
related with age was the distance from the coracoid process
to the TAT (R=-0.32; p=0.02). However, some categories



Surgical and Radiologic Anatomy (2022) 44:1329-1338

1333

Fig.2 Summary of the most
common morphological types
of TAT. Type 1: TAT arises
from the second part of the axil-
lary artery. First, the lateral tho-
racic artery branches out, and
then the deltoid artery. Type 2:
TAT arises from the second part
of the axillary artery. The lateral
thoracic, pectoral, and deltoid
arteries branch out sequentially.
Type 3: TAT arises from the
second part of the axillary
artery. First, the pectoral artery
branches out, and then, the del-
toid artery branches off. Type 4:
Any other variation. An asterisk
(*) indicate Type 4—Other,
which is not an individual type
but a separate set for the other
TAT morphological types that
do not fit Types 1-3

Type 1
38%

Type 2
18%

Type 3
16%

Type 4
28%"

correlate with each other. The associations between the cat-
egories are summarized in Table 3.

Discussion

The current study proposed a classification system for the
branches that originated directly from the TAT. However, in
many cases, these branches do not originate directly from
the said stem, but rather form common trunks or originate
from each other. If the classification of the branch pattern
of the TAT consisted of additional branches that originated
from the arteries that directly arose from the TAT, the num-
ber of branch types would simply be too high. This would
add unnecessary confusion with respect to the morphology
and variations of this structure, contradicting the objective
of this study. Therefore, the classification system consisted
of only direct branches of the TAT. The prevalence of each
artery which directly arose from the TAT was analyzed,
showing that the pectoral (59.2%), the deltoid (93.9%), and

R
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different
subtypes*

the lateral thoracic arteries (63.3%) were the most frequent
branches of the TAT. Similar results considering the origin
of the pectoral artery were presented by Park et al. [11].
Surprisingly, the clavicular (16.3%) and acromial branches
(4.1%) were less prevalent, demonstrating how variable the
branching of the TAT is. In some cases, the arteries that were
supposed to come out of the TAT originated from smaller
arterial trunks or directly from the axillary artery. This phe-
nomenon was observed more frequently in the clavicular
and acromial arteries compared to the other branches of the
TAT. Interestingly, TAT has been reported to have only three
main branches, namely, the pectoral, clavicular, and deltoid
arteries [2]. Studies have also described the acromial artery
as almost always originating from the deltoid artery, rather
than directly from the TAT [2, 4, 13]. The present study
shows that the acromial artery is the least common branch
that originates directly from the TAT, which is consistent
with the description aforementioned. Furthermore, the clav-
icular branch was found to be a relatively rare (16.3%) direct
branch of the TAT. There are different descriptions about the
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Fig.3 An anatomical map of the occurrence of TAT in the clavipec-
toral triangle. A general results. B results regarding males. C results
regarding females

Table 1 General results of the measurements

clavicular artery in the literature. Hallock et al. described the
clavicular branch as variable and having a different origin
than from the TAT [4]. However, Geddes et al. stated that
the TAT gives rise to three major branches, with the clav-
icular artery being one of them [2]. Therefore, the authors
of the present study would like to propose a new descrip-
tion of the direct branches of the TAT. The trunk should be
described as an origin point for three arteries: the pectoral,
the lateral thoracic, and the deltoid arteries. Furthermore,
the acromial artery arises most frequently from the deltoid
branch, whereas the clavicular artery has a highly variable
origin and may even arise from the axillary artery.

The lateral thoracic artery was shown to originate more
commonly from the TAT (59.2%) than the second part of
the axillary artery, as described in the anatomical textbooks.
Studies that present similar results have been published in
the literature. Loukas et al. conducted a cadaveric study,
consisting of 420 subjects fixed to formalin, where varia-
tions of the lateral thoracic artery were analyzed [8]. The
study showed that the artery arises more frequently from the
TAT (67.62%) and not directly from the axillary artery. This
branching pattern of the TAT was also presented by other
studies with lower frequencies, such as the study conducted
by Pandey and Shukla [10]. In the study, the prevalence of
the lateral thoracic artery arising from the TAT was reported
separately on the left and right sides with an occurrence
of 21.3% and 39.9%, respectively. These results indicate
that the origin point of the lateral thoracic artery should be
reconsidered.

Knowledge of the location, morphology, and variations
of the TAT and its branches may be of great importance in
plastic and reconstructive surgeries. Zhang et al. presented
an extensive study providing evidence of the vascular

Category

Median LQ HQ  Minimum Maximum Mean SD

TAT length [mm]

TAT maximal diameter [mm)]

TAT ostial area [mm]

Distance from the coracoid process to the clavicle [mm]

Distance from the coracoid process to the second rib [mm]
Distance from the clavicle to the second rib [mm]

Distance from the coracoid process to the TAT [mm]

Distance from the clavicle to the TAT [mm)]

Distance from the second rib to the TAT [mm]

Length of the first pectoral branch. branching off from TAT [mm]
Length of the second pectoral branch. branching off from TAT [mm]

Length of the first pectoral branch. branching off from any of the TATs branches

[mm]

Length of the second pectoral branch. branching off from any of the TATs

branches [mm]

7.74 350 13.65 0.86 22.42 9.23 6.09
4.19 386 490 224 5.53 427 0.67

13,79 11.70 18.86 3.94 24.02 14.68 4.40
4842  40.88 53.12 28.99 63.06 47.02 8.48
50.88  40.17 56.33 30.73 67.72 49.28 9.78
4529 3832 49.73 27.09 64.40 4445 831
33.55 2820 40.87 18.06 67.38 35.19 9.32
3099 27.66 36.62 17.67 49.53 31.74 6.95
18.18 1431 2282 17.29 29.77 18.39 5.95
70.54  68.72 75.64 62.25 82.34 71.68 5.21
63.57 59.62 6599 51.35 78.75 63.81 9.08
3325 29.21 3692 21.31 50.32 33.17 6.37
29.89  27.42 31.30 22.36 34.50 29.09 4.55

LQ lower quartile, HQ higher quartile, SD standard deviation, TAT thoracoacromial trunk
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Table 2 Results of measurements with respect to sex
Category Sex Median LQ HQ  Minimum Maximum Mean SD P value
TAT length [mm] Female 7.14 341 10.80 0.86 18.10 7.53 5.01 0.10
Male 10.42 427 1697 2.10 22.42 10.51  6.59
TAT maximal diameter [mm] Female 3.86 3.50 448 224 5.31 4.00 0.73 0.01
Male 4.53 406 495 331 5.53 448 0.56
TAT ostial area [mm] Female 11.70 9.62 1576 3.94 22.14 1298 4.54 0.01
Male 16.08 1292 19.21 8.60 24.02 1596 3091
Distance from the coracoid process to the clavicle [mm)] Female 41.78  35.07 48.18 28.99 56.77 42.19 7.92 0.00
Male 5023 4640 54.32 34.82 63.06 50.61 7.08
Distance from the coracoid process to the second rib [mm] Female 42.57 3823 52.14 30.73 61.48 4428 9.45 0.00
Male 54.03 4821 58.28 33.56 67.72 5299 8.39
Distance from the clavicle to the second rib [mm] Female 39.13 37.10 44.05 27.09 52.33 40.33  6.52 0.01
Male 4745 4454 53.96 29.09 64.40 4755 8.24
Distance from the coracoid process to the TAT [mm)] Female 30.50 25.73 36.55 18.06 67.38 32.61 11.00 0.02
Male  37.10 30.22 42.26 26.80 54.53 37.11  7.51
Distance from the clavicle to the TAT [mm] Female 2849 2341 31.24 17.67 42.79 28.53  6.74 0.06
Male 34.87 2993 37.98 21.53 49.53 34.15 6.18
Distance from the second rib to the TAT [mm] Female 15.34 1396 17.15 8.60 29.77 16.82 5.50 0.01
Male 1994 1532 2391 17.29 28.79 19.57  6.09
Length of the first pectoral branch. branching off from TAT =~ Female 71.78  69.71 65.59 82.34 67.20 75.64 5.18 0.77
(mm] Male 71.78 69.71 65.59 82.34 67.20 75.64 5.18
Length of the first pectoral branch. branching off from any of Female 32.72  33.65 21.31 40.17 28.35 3723 5.80 0.94
the TATs branches [mm] Male 3272  33.65 21.31 40.17 28.35 3723 5.80
Length of the second pectoral branch. branching off from any Female 29.36  29.36 27.42 31.30 27.42 31.30 274 1.00
of the TATs branches [mm] Male 2936  29.36 27.42 31.30 27.42 3130 274

LQ lower quartile, HQ higher quartile, SD standard deviation, TAT thoracoacromial trunk

supply and the clinical application of the perforator flap of
the thoracoacromial artery [18]. In the study, both cadav-
eric and clinical investigations of the TAT were carried out.
First, 12 cadavers were dissected to define the anatomy of
the branches of the TAT and their perforators and the ana-
tomical landmarks for clinical applications. They confirmed
the presence of a constant perforator from the pectoral
branch of the TAT, which allowed the design of a standard
thoracoacromial artery perforator flap with a mean pedicle
length of 7.1 cm. In the current study, the mean length of
the pectoral branch was measured to be 7.0 cm (70.54 mm),
which is very similar to the results presented by the afore-
mentioned study, strengthening the data on pedicle length.
Furthermore, Zhang et al. presented seven clinical cases in
which the thoracoacromial artery perforator flap was used to
reconstruct head and neck defects, with no reported compli-
cations. However, Geddes et al. reported results that were in
contrast to those in the study conducted by Zhang et al. [2].
Similarly, a cadaveric study was performed to analyze the
anatomy of the TAT, its branches, and the perforators. The
average diameter of the TAT at the axillary artery was meas-
ured to be 2.5+ 0.5 mm, which is a considerably lower value
than the one reported in the present study (4.19 +0.67 mm).

Furthermore, they concluded that due to the inconsistent size
of the pectoral branch of the TAT and the small size of the
musculocutaneous perforators, the pectoral branch of the
TAT is not a good donor site for pedicled perforator flaps.
However, they also stated that the musculocutaneous perfo-
rator flaps from the clavicular and deltoid branches of the
TAT were possible. However, multiple studies have shown
that the pectoral branch is a reliable pedicle for reconstruc-
tive flaps [4, 14, 16, 18]. When performing the thoracoacro-
mial perforator flap or any other reconstructive flap pedicled
by the TAT, knowing the location of the TAT is of great
value. Therefore, a heat map of the occurrence of TAT in the
clavipectoral region was made by measuring the relations
of the trunks with the coracoid process and the second rib.
This can help the surgeon create a mental map of the origin
of the vessels, thus decreasing the risk of potential surgical
complications when performing reconstructive procedures
associated with the TAT.

The TAT can be used as a pedicle for flaps with various
reconstructive applications. Pectoralis major muscle flaps
are used to fill sternal defects and the conventional turnover
method of this flap requires the internal thoracic vessels [6].
However, this method cannot be used when these vessels are
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sacrificed. Therefore, Goishi et al. developed a new major
pectoralis turnover flap based on TAT vessels [3], which has
proven to be a reliable technique for the reconstruction of
long sternal defects. The TAT can also be used as a pedicle
for sequential perforator flaps, which can repair the donor
site of sternocleidomastoid myocutaneous flaps [15]. The
acromial branch of the TAT can be used in a local perforator
flap, for covering shoulder defects which is useful in clinical
practice for reconstruction and covering of the acromial area
with a thin cutaneous flap with low sequelae on the donor
site [12]. Additionally, a free TAT true-perforator flap can
be a new option for the reconstruction of the face with many
advantages including reduced donor-site morbidity and sat-
isfactory aesthetic outcome [5]. The TAT can be also safely
used as recipient vessel for deep inferior epigastric artery
perforator flap breast reconstruction with shorter time and
less postoperative pain [17].

The present study undoubtedly has some limitations.
Although the size of the study group used in the current
paper is the largest among imaging studies concerning the
TAT, larger population-based research is still warranted to
discern the true prevalence of its variants. Additionally, radi-
ological imaging only allows one to evaluate hemodynami-
cally efficient arteries. Therefore, this can be a relatively
significant source of bias when assessing anatomical varia-
tions of the TAT, and other arterial entities. Unfortunately,
the morphometric properties of the perforators of the TAT
could not be analyzed because of the insufficient resolution
of the CTAs. Therefore, this topic requires further investi-
gation, preferably by conducting a cadaver study. To get a
better understanding of the general anatomy of the TAT,
a detailed meta-analysis should be performed with respect
to the guidelines and with the usage of tools that minimize
potential bias [16].

Conclusion

In this study, the morphology and variations of the branch-
ing pattern of the TAT were presented, proposing a new clas-
sification system based on the four most commonly prevalent
types. The prevalence of each branch arising directly from
the TAT was also analyzed. The most prevalent branches
were the pectoral (59.2%), the deltoid (93.9%), and the lat-
eral thoracic (63.3%) arteries. Interestingly, the acromial
artery was the least common direct branch of the TAT, and
the clavicular artery showed a high degree of variability in
its origin. It is hoped that the results of the present anatomi-
cal analysis can help to minimize potential complications
when performing plastic or reconstructive procedures asso-
ciated with TAT.

Author contributions MB: protocol/project development, data analy-
sis, and manuscript writing/editing. KG: protocol/project development,
data analysis, and manuscript writing/editing. PO: protocol/project
development, data collection or management, and manuscript writing/
editing. JB: measurements, figures preparations, and manuscript writ-
ing/editing. DJR: measurements, tables’ preparations, and manuscript
writing/editing. AKO: figures preparations and manuscript writing/
editing. WW: data collection or management, measurements, and man-
uscript writing/editing. JW: protocol/project development, data collec-
tion or management, and manuscript writing/editing. MK: protocol/
project development, data collection or management, and manuscript
writing/editing.

Funding The authors received no financial support for the research,
authorship, and/or publication of this article.

Data availability Data are not available due to ethical restrictions.

Declarations

Competing interests The authors declare no competing interests.

Conflict of interest The author(s) declares that they have no potential
conflicts of interest with respect to the research, authorship, and/or
publication of this article.

Ethical approval The research protocol was submitted for evaluation
and approved by the Bioethical Committee of Jagiellonian University,
Cracow, Poland (1072.6120.51.2022). Further stages of the study were
carried out according to the approved guidelines.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Deng D, Xu F, Liu J, Li B, Li L, Liu J, Chen F (2020) Clinical
application of pedicled thoracoacromial artery perforator flaps for
tracheal reconstruction. BMC Surg 20(1):299. https://doi.org/10.
1186/512893-020-00972-9

2. Geddes CR, Tang M, Yang D, Morris SF (2003) An assessment
of the anatomical basis of the thoracoacromial artery perforator
flap. Can J Plast Surg 11(1):23-27. https://doi.org/10.1177/22925
5030301100102

3. Goishi K, Harada H, Keyama T, Tsuda T, Hashimoto I (2020)
Pectoralis major turnover flap based on thoracoacromial vessels
for sternal dehiscence. Microsurgery 40(2):137-144. https://doi.
org/10.1002/micr.30509

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s12893-020-00972-9
https://doi.org/10.1186/s12893-020-00972-9
https://doi.org/10.1177/229255030301100102
https://doi.org/10.1177/229255030301100102
https://doi.org/10.1002/micr.30509
https://doi.org/10.1002/micr.30509

1338 Surgical and Radiologic Anatomy (2022) 44:1329-1338
4. Hallock GG (2011) The Island thoracoacromial artery muscle 14. Song D, Pafitanis G, Pont LEP, Yang P, Koshima I, Zhang Y, lida
perforator flap. Ann Plast Surg 66(2):168-171. https://doi.org/ T, Zhou X, Li Z (2018) Chimeric thoracoacromial artery perfora-
10.1097/SAP.0b013e3181dc83cd tor flap for one-staged reconstruction of complex pharyngoesoph-
5. Iida T, Yoshimatsu H (2019) Anatomical study and clinical ageal defects: a single unit experience. Head Neck 40(2):302-311.
application of free thoracoacromial artery true-perforator flap https://doi.org/10.1002/hed.24962
for reconstruction of the face. J Craniofac Surg 30(1):205-207. 15. Song D, Pafitanis G, Reissis D, Koshima I, Zhang Y, Narushima
https://doi.org/10.1097/SCS.0000000000004968 M, Zhou X, Li Z (2020) A sequential thoracoacromial artery per-
6. LiEN, Goldberg NH, Slezak S, Silverman RP (2004) Split pecto- forator flap for reconstructing the donor site of sternocleidomas-
ralis major flaps for mediastinal wound coverage: a 12 year experi- toid myocutaneous flaps. Ann Plast Surg 84(6):657-664. https://
ence. Ann Plast Surg 53(4):334-337. https://doi.org/10.1097/01. doi.org/10.1097/SAP.0000000000002042
sap.0000120684.64559.49 16. Thalaivirithan Margabandu B, Dympep B, Jaganmohan JJ (2020)
7. Loukas M, Louis RG, Almond J, Armstrong T (2005) A case Perforator flaps based on the terminal perforators of the pectoral
of an anomalous radial artery arising from the thoracoacromial branch of thoracoacromial vessels axis. Ann Plast Surg 84(1):76—
trunk. Surg Radiol Anat 27(5):463-466. https://doi.org/10.1007/ 84. https://doi.org/10.1097/SAP.0000000000001952
$00276-005-0028-1 17. Yamamoto T, Kageyama T, Sakai H, Fuse Y, Tsukuura R, Yama-
8. Loukas M, du Plessis M, Owens DG, Kinsella CR, Litchfield CR, moto N (2021) Thoracoacromial artery and vein as main recipient
Nacar A, Lu O, Tubbs RS (2014) The lateral thoracic artery revis- vessels in deep inferior epigastric artery perforator (DIEP) flap
ited. Surg Radiol Anat 36(6):543-549. https://doi.org/10.1007/ transfer for breast reconstruction. J Surg Oncol 123(5):1232-1237.
$00276-013-1234-x https://doi.org/10.1002/js0.26421
9. Moore KL, Dalley AF, Agur A (2017) Clinically oriented anat- 18. Zhang YX, Yongjie H, Messmer C, Ong YS, Li Z, Zhou X, Spi-
omy, 8th edn. Lippincott Williams and Wilkins, Philadelphia nelli G, Agostini T, Levin LS, Lazzeri D (2013) Thoracoacro-
10. Pandey SK, Shukla VK (2004) Anatomical variation in origin and mial artery perforator flap. Plast Reconstr Surg 131(5):759e—770e.
course of the thoracoacromial trunk and its branches. Nepal Med https://doi.org/10.1097/PRS.0b013e3182865bf5
Coll J 6(2):88-91 19. Zytkowski A, Tubbs RS, Iwanaga J, Clarke E, Polguj M, Wysia-
11. Park H-D, Min Y-S, Kwak H-H, Youn K-H, Lee E-W, Kim H-J decki G (2021) Anatomical normality and variability: historical
(2004) Anatomical study concerning the origin and course of the perspective and methodological considerations. Transl Res Anat
pectoral branch of the thoracoacromial trunk for the pectoralis 23:100105. https://doi.org/10.1016/j.tria.2020.100105
major flap. Surg Radiol Anat 26(6):428-432. https://doi.org/10.
1007/500276-004-0273-8 Publisher's Note Springer Nature remains neutral with regard to
12. Portenard A, Auquit-Auckbur I, Gardeil L, Elbaz B, Carricaburu jurisdictional claims in published maps and institutional affiliations.
A, Duparc F (2019) Anatomical study of the perforator flap based
on the acromial branch of the thoraco-acromial artery (abTAA
flap): a cadaveric study. Surg Radiol Anat 41(11):1361-1367.
https://doi.org/10.1007/s00276-019-02322-8
13. Reid CD, Ian Taylor G (1984) The vascular territory of the acro-

miothoracic axis. Br J Plast Surg 37(2):194-212. https://doi.org/
10.1016/0007-1226(84)90010-9

@ Springer


https://doi.org/10.1097/SAP.0b013e3181dc83cd
https://doi.org/10.1097/SAP.0b013e3181dc83cd
https://doi.org/10.1097/SCS.0000000000004968
https://doi.org/10.1097/01.sap.0000120684.64559.49
https://doi.org/10.1097/01.sap.0000120684.64559.49
https://doi.org/10.1007/s00276-005-0028-1
https://doi.org/10.1007/s00276-005-0028-1
https://doi.org/10.1007/s00276-013-1234-x
https://doi.org/10.1007/s00276-013-1234-x
https://doi.org/10.1007/s00276-004-0273-8
https://doi.org/10.1007/s00276-004-0273-8
https://doi.org/10.1007/s00276-019-02322-8
https://doi.org/10.1016/0007-1226(84)90010-9
https://doi.org/10.1016/0007-1226(84)90010-9
https://doi.org/10.1002/hed.24962
https://doi.org/10.1097/SAP.0000000000002042
https://doi.org/10.1097/SAP.0000000000002042
https://doi.org/10.1097/SAP.0000000000001952
https://doi.org/10.1002/jso.26421
https://doi.org/10.1097/PRS.0b013e3182865bf5
https://doi.org/10.1016/j.tria.2020.100105

	The thoracoacromial trunk: a detailed analysis
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Patients and methods
	Bioethical committee
	Study group
	Results’ acquisition
	Evaluation and measurements
	Statistical analysis

	Results
	Baseline characteristics
	TAT variations
	General measurements
	Sexual dimorphism
	Associations between parameters

	Discussion
	Conclusion
	References




