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Objectives: This study aims to describe variations of the third part of the axillary artery branches with respect to their diam-
eter, origin, subsequent branches, and gender.

Methods: One-hundred and forty cadaveric shoulders were examined bilaterally in the Centre for Anatomy and Human
Identification, University of Dundee, which is regulated by Human Tissue Act (Scotland) 2006. Branches arising from the third
part of the axillary artery were dissected and the diameter, origin, subsequent branching patterns of each branch were docu-
mented, as well as gender. T-tests and chi-square tests were used to determine the association between the variables.

Results: The most common variations were associated with the posterior circumflex humeral artery (48.3%), followed by the
anterior circumflex humeral (25%) and subscapular arteries (16.7%). Variations of the anterior circumflex humeral artery were
more common in females than males (p<0.05). A significant association between the origin of posterior circumflex humeral
artery and its subsequent branching pattern was observed. In females, the anterior circumflex humeral artery was more likely to
give rise to the profunda brachii when it originated from the posterior circumflex humeral artery.

Conclusion: Branches of the third part of the axillary artery vary in diameter, origin and subsequent branching patterns and
the gender. An understanding of these variations is essential for accurate radiological diagnostic interpretation and thera-
peutic intervention. The difference in the variations observed and those reported in the literature suggest the need for fur-

ther large scale studies.
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Introduction

The axillary artery is a continuation of the subclavian
artery at the outer border of the first rib. It continues as
the brachial artery at the lower border of teres major.
Pectoralis minor lies anterior to the artery dividing it
into three parts: the first part (suprapectoral) is proximal
between the lateral border of the first rib and medial
border of pectoralis minor; the second part (retropec-
toral) lies posterior to it; and the third part (infrapec-
toral) extends from the lateral border of pectoralis minor
to the lower border of teres major. During its course the
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axillary artery gives six branches: the superior thoracic
artery from the first part; the thoracoacromial and later-
al thoracic arteries from the second part; and the anteri-
or and posterior circumflex humeral and subscapular
arteries from the third part. Its continuation, the brachial
artery, gives the profunda brachii artery."™

The vasculature of the upper limbs originates from the
primitive axial and superficial brachial arteries, with the
axillary, brachial and interosseous arteries arising from the
primitive axial artery. In the proximal arm, both the
brachial and axillary arteries merge with the superficial
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brachial artery, while in its distal part, the superficial
brachial artery anastomoses with the brachial artery. In
the forearm, the primitive axial artery (ulnar system) gives
a terminal trunk which anastomoses with the median
artery (derivative of forearm arteries), the deep branch of
the radial artery (branch of the primitive axial artery) and
the ulnar artery.™” Differentiation of the vessels occurs
proximal to distal by regression of some capillaries and
maintenance and enlargement of others. It is the varia-
tions in differentiation, regression and persistence of these
capillaries which result in the variations seen in the vessels
of the upper limb.” An in-depth knowledge of the normal
arterial anatomy of the axillary artery and its variants is
essential for clinical diagnosis and treatment, for example
in coronary bypass and shoulder dislocation.”

Nevertheless, a series of case studies report variations
in the branching pattern of the 3rd part of the axillary
artery: variations in origin,m] course,[()’10J the presence of
common trunks,"™" and of additional branches, such as
the radial artery."” According to Rao et al."" and
Olinger"” the classical description of the axillary artery is
only present in 10% of cases. The most common varia-
tion is a common trunk rather than individual branches,
followed by branches arising distally or from proximal
branches, such as the deep brachial artery arising from
the posterior circumflex humeral artery, which accord-
ing to Olinger"” occurs in 5% of cases.

[14

Variations of the third part of the axillary artery have
been reported either as scattered in the literature, """
or reviews on a small number of cadavers.""*" The sub-
scapular artery, largest branch of the 3rd part of the axil-
lary artery, arises from a common trunk with the poste-
rior circumflex humeral artery in up to 30% of cases.
Furthermore, either the subscapular, anterior or posteri-
or circumflex humeral arteries, as well as the profunda
brachii having been reported arising from a common
trunk.”’ One cadaveric study using 423 upper limbs
reported truncus subscapulocircumflexus in 22.9%,
truncus profundocircumflexus in 13.75%, and truncus
bicircumflexus in 13.95% of the cases.”"

Consequently, an inconsistency exists in the litera-
ture in which variations of the 3rd part of the axillary
artery may be presented as an exception or may occur in
high frequencies. For example, Miguel-Perez* and Siri
et al.”” found only one variation among 36 and 50 upper
limbs respectively.” " Others, however, report varia-
tions with greater frequency, with Gaur et al.*" observ-
ing variations in 16% of 50 specimens and Maheswary
Thampi et al.”” reporting variations in 40% of 40 shoul-
ders examined. It is difficult, therefore to determine the
incidence of variations. Furthermore, many studies tend
to focus on the frequencies of the variations and do not
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provide sufficient information on their relationship to
gender, for example.”""*”

A knowledge of variations in the branching pattern of
the axillary artery is important for both diagnostic pur-
poses and therapeutic interventions.” " Vascular radiol-
ogists acknowledge the significance of variations when
conducting angiographic imaging,” while surgeons may
be faced with interpreting arterial variations in proce-
dures for trauma or neoplasm.” The current study,
therefore, aims to determine the incidence of variations
in the branching pattern of the 3rd part of the axillary
artery, and describe these variations with respect to their
association with vessel diameter, side, and gender.

Materials and Methods

A total of 140 cadaveric shoulders from 70 cadavers of
British origin (30 males and 40 females), with an average
age of 81.5 (range 53-101) years were dissected and
examined. The cadavers had been donated to the Centre
for Anatomy and the Human Identification University of
Dundee: all donations are in line with the Human Tissue
Act (Scotland) 2006. Each shoulder was dissected follow-
ing classical incisions and dissection procedures
described in Grant’s Dissector 16th edition.”” Careful
dissection was carried out to expose the axillary region,
following which the 3rd part of the axillary artery and its
branches were inspected: the presence of additional was
also documented. The origin of each branch or common
trunk was noted, as was its relation to the axillary artery,
i.e. from which aspect it arose. The diameter (in mm) of
each artery/common trunk at its origin was taken.

Classical descriptions of the 3rd part of the axillary
artery state that it has three single branches, the anterior
and posterior circumflex humeral, and subscapular arter-
ies. Deviations from this pattern were considered as
being a variation.

"The data were entered into with Statistical Package for
Social Sciences (SPSS Version 20, Armonk; NY, USA) for
subsequent analysis. In the results the incidence of varia-
tions is presented. This is followed by a consideration of
the variations in origin on the right and left sides, the
branches observed, and the diameter or common origin of
the anterior and posterior circumflex humeral, and sub-
scapular arteries are described. Categorical variables are
presented as frequencies and percentages of occurrence.
Vessel diameter, as a continuous variable, was tested for its
distribution using the Kolmogorov-Smirnov test: diameter
is described by its mean and associated standard deviation.
Inferential statistics were carried out to determine the
presence of statistical differences when comparing charac-
teristics of the arteries inspected with demographic vari-
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ables. Independent t-tests, chi-square tests and one-way
ANOVA were conducted. Chi-square post-hoc analysis
with Bonferroni adjustment was carried out if statistically
significant differences were observed. Correlation analysis,
using the Pearson coefficient, was conducted between ves-
sel diameter and age. All results were considered signifi-
cant if p-value was less than 0.05.

Results

Variations in the 3rd part of the axillary artery were
observed in 80% of specimens, with only 20% showing the
classical anatomical pattern bilaterally. Notably, 95 speci-
mens (67.9%) showed variations of which 52 (54.7%) were
on the right and 43 (45.3%) the left side (Table 1). No sig-
nificant differences was observed between right and left
limbs (5’=2.653, p>0.05). Comparison of the incidence of
variations in males and females revealed 36.8% (n=35) of
variations were observed in males, and 63.2% (n=60) in
females (Table 1). There was a significant difference
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Table 1
The number of ‘classical’ origin of branches from the third part of
the axillary artery, together with the percentages of the variations
observed in the right and left limbs, as well as between genders.

Classical origin 27 18 25 20
Variation 43 (453%) 52 (54.7%) 35(36.8%) 60 (36.8%)
Total 70 70 60 80

between males and females ()’=4.366, p<0.05). No differ-
ence was observed between the mean age of specimens
with and without variation (p>0.05).

Variation in the origin of the anterior circumflex
humeral artery was observed in 58 specimens (41.4%)
(Figures 1-3). It most frequently arose from the 3rd part
of the axillary artery (85.7%, n=106), the posterior circum-

Figure 1. Anterolateral view of the right shoulder showing the axillary artery giving a common trunk, which divides into the subscapular artery (SSA),
the posterior circumflex humeral artery (PCHA), the anterior circumflex humeral artery (ACHA) and profunda brachii.
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Figure 2. Anterior aspect of the left shoulder showing the third part of the axillary artery (AA) and its branches, the subscapular artery (SSA) and
the anterior (ACHA) and posterior circumflex humeral arteries (PCHA). Note the ACHA and PCHA arise from a common trunk. CSA: circumflex

scapular artery; TD: thoracodorsal artery.

flex humeral artery in 15 specimens (11.4%), profunda
brachii in 3 specimens (2.1%) and the 1st part of the axil-
lary artery in 1 specimen (0.7%) (Table 2). In 129 speci-

Table 2
Origin of the anterior circumflex humeral artery, posterior circumflex
humeral artery and the subscapular artery.

Origin ACHA PCHA SSA

3rd part AA 120 (85.7%) 106 (75.7 %) 127 (90.7 %)
PCHA 15 (10.7%) = =

PB 4(2.9%) 4(2.9%) 1(0.7%)
1st part AA 1(0.7%) - -

BA - 20 (14.2%) -

SSA - 9 (6.4%) S

CSA - 1(0.7%) -

2nd part AA - - 12 (8.5%)
Total 140 (100%) 140 (100%) 140 (100%)

AA: axillary artery; ACHA: anterior circumflex humeral artery; BA: brachial artery;
CSA: circumflex scapular artery; PCHA: posterior circumflex humeral artery; SSA:
subscapular artery.

mens (92.1%) the artery arose as a single branch, while in
11 specimens (7.9%) it had a common origin with the pos-
terior circumflex humeral artery (Table 3; Figure 2).

In 99 specimens the anterior circumflex humeral
artery originated from the lateral side (70.7%) of the axil-
lary artery. The anterior circumflex humeral artery orig-
inated posterolaterally in 25 specimens (17.9%), superi-
orly in 8 (5.7%), anterolaterally in 4 (2.9%), and from the
posterior, anterior, anterosuperior and posterosuperior
aspects in 1 specimen each (0.7%) (Table 4). In 11 spec-
imens both anterior and posterior circumflex humeral
arteries arose from a common trunk, while in 21 speci-
mens (15%) the anterior circumflex artery gave the pro-

funda brachii as a branch.

Variations were observed in 21 male and 37 female
specimens, with a significant difference between origin and
gender being observed (p<0.05). Further analysis, using
post-hoc tests, showed significant differences in the aspect
of origin from the 3rd part of the axillary artery (p<0.05)
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Figure 3. Anterior view of the left shoulder showing the axillary artery dividing into lateral and medial trunks. The lateral trunk gives a common
trunk, which divides into anterior circumflex humeral (ACHA), posterior circumflex humeral (PCHA) and profunda brachii (PB) arteries. The medial
trunk becomes the brachial artery (BA).

(Table 3). The mean diameter of the anterior circumflex ~ However, a significant difference was observed in diameter
humeral artery was 2.15£0.06 mm, with no difference  depending on its aspect of origin (p<0.05). Significant dif-
being observed between males and females (p>0.05). ferences were also revealed when comparing the diameter

Table 3
The frequency with which the anterior circumflex humeral artery, posterior circumflex humeral artery and the subscapular artery arose
from a common trunk with other branches.

Origin ACHA PCHA SSA Total
as a single branch 129 (92.1%) 91 (65%) 109 (77.9%) 329 (78%)
with PCHA 11 (7.9%) - 27 (19.3%) 38 (9%)
with ACHA - 11 (7.9%) 1(0.7%) 12 (2.9%)
with ACHA and PCHA - - 1(0.7%) 1(0.2%)
with PCHA and CSA - - 1(0.7%) 1(0.2%)
with ACHA and PB - = 1(0.7%) 1(0.2%)
with SSA - 30 (21.4%) - 30 (7.1%)
with PB - 7 (5%) = 7 (1.7%)
with CSA - 1(0.7%) - 1(0.7%)

ACHA: anterior circumflex humeral artery; CSA: circumflex scapular artery; PB: profunda brachii; PCHA: posterior circumflex humeral artery; SSA: subscapular artery.
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Table 4
The aspect of the third part of the axillary artery from which the anterior circumflex humeral artery, posterior circumflex humeral artery and
the subscapular artery originated.

Site of origin ACHA PCHA SSA Total
Lateral 99 (70.7%) 27 (19.3%) = 126 (30%)
Postero-lateral 25 (17.9%) 46 (32.9%) - 71 (16.9%)
Antero-lateral 4 (2.9%) - - 4 (1%)
Superior 8 (5.7%) 3(2.1%) - 11 (2.6%)
Posterior 1(0.7%) 63 (45 %) 7 (5%) 71 (16.9%)
Anterior 1(0.7%) - - 1(0.2%)
Antero-superior 1(0.7%) - - 1(0.2%)
Postero-superior 1(0.7%) - - 1(0.2%)
Medial - - 97 (69.3%) 97 (23.1%)
Posteromedial - 1(0.7%) 24 (17.1%) 25 (6%)
Inferior - - 12 (8.6%) 12 (2.9%)

ACHA: anterior circumflex humeral artery; PCHA: posterior circumflex humeral artery; SSA: subscapular artery.

between age groups, but there was no correlation between Variation in the origin of the posterior circumflex
vessel diameter and age. No differences were found in  humeral artery was reported in 112 specimens (80%). The
diameter irrespective of whether the artery arose from a  most common origin for the posterior circumflex humer-
common origin or the aspect from which it arose, or rela-  al artery (Figures 1-6) was from the 3rd part of the axil-
tion to side, age or gender. lary artery (106, 75.7%), the brachial artery in 20 speci-

Figure 4. Anterior view of the left shoulder showing dissection of the inferior aspect of the glenohumeral joint. AA: axillary artery; CSA: circumflex
scapular artery; HH: humeral head; LHT: long head of triceps; PCHA: posterior circumflex humeral artery; SUBS: subscapular artery.
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Figure 5. Posterior view of the left shoulder showing the common origin of the posterior circumflex humeral artery with the profunda brachii aris-

ing from the brachial artery.

mens (12.1%), the subscapular artery in 9 (9.3%), the pro-
funda brachii in 4 (2.1%), and the circumflex scapular in 1
(0.7%) (Table 2). The posterior circumflex humeral
artery arose as a single branch in 91 specimens (65%),
from a common trunk with the anterior circumflex
humeral artery in 11 specimens (7.9%), with subscapular
artery in 30 specimens (21.4%), with profunda brachii in
7 specimens (5%) and with circamflex scapular artery in 1
specimen (0.7%) (Table 3).

The posterior circumflex humeral artery arose from
the posterior aspect of the axillary artery in 62 specimens
(44.3%), posterolateral in 44 specimens (31.4%), lateral in
27 specimens (19.3%), superior in 4 specimens (2.9%),
inferolateral in 2 specimens (1.4%) and posteromedial in
1 specimen (0.7%) (Table 4). During its course the pos-
terior circumflex humeral artery gave rise to the anterior
circumflex humeral artery in 17 specimens and the pro-
funda brachii in 4. A significant difference was observed
between genders of the profunda brachii or anterior cir-
cumflex humeral artery arising as branches of posterior
circumflex humeral artery (p=0.02). No other differences
were observed in relation to gender, side, age and poste-
rior circumflex humeral artery variations. The mean
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diameter of the posterior circumflex humeral artery was
3.98+1.00 mm, there being no difference between females
and males (p>0.05). Furthermore, there was no correla-
tion between age and diameter of the posterior circumflex
humeral artery.

Variation of the subscapular artery was found in 62
specimens (44.3%) (Figures 1, 3, 4 and 6). It arose from
the 3rd part of axillary artery in 127 shoulders (88.6%),
from the 2nd part in 12 specimens (8.6%), and the pro-
funda brachii in 1 specimen (0.7%). In 2 specimens (1.4%)
the subscapular artery gave rise to the posterior circumflex
humeral artery. The subscapular artery arises from a com-
mon trunk with either the posterior circumflex humeral
artery or the anterior circumflex humeral artery in 0.7%
each. The subscapular artery arose as a single branch in
109 specimens (77.9%), it had a common origin with the
posterior circumflex humeral artery in 27 specimens
(19.3%), with the anterior circumflex humeral artery, the
anterior and posterior circumflex humeral arteries, the
posterior circumflex humeral and circumflex scapular
arteries, and the posterior circumflex humeral and profun-
da brachii arteries in 1 specimen (0.7%) each (Table 3).
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Figure 6. Posteromedial aspect of the right third part of the axillary artery showing the common origin between the subscapular and posterior cir-

cumflex humeral arteries.

The subscapular artery arose from the medial aspect of
the axillary artery in 97 specimens (69.3%), posteromedi-
ally in 24 specimens (17.1%), inferiorly in 12 specimens
(8.6%) and posteriorly in 7 specimens (5%) (Table 4). In
92.8% of specimens, the subscapular artery gave the cir-
cumflex scapular artery, and in 7.2% it gave both the cir-
cumflex scapular and posterior circumflex humeral arter-
ies. A variation in the origin of the subscapular artery was
observed in 22 males and 40 females. The mean vessel
diameter was 5.2+1.2 mm, with a significant difference
being observed between males and females in diameter
and origin (p<0.05). Significant differences were found
between vessel diameter and age (p<0.05).

Considering the above observations together, the most
common variants were associated with posterior circum-
flex humeral artery (48.3%), followed by the anterior cir-
cumflex humeral artery (25%) and then the subscapular
artery (16.7%). The anterior circumflex humeral artery
arose as a single artery more commonly in females than
males (p<0.05), whereas the posterior circumflex humeral
and subscapular arteries arose equally frequently in males
and females. There was a statistically significant difference
(p<0.05) branching pattern according to the origin of the
artery between females and males. In females, the anterior
circumflex humeral artery was more likely to give the pro-
funda brachii when it originated from the posterior cir-
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cumflex humeral artery. There was a significant associa-
tion (p<0.05) between the origin of posterior circumflex
humeral artery and the branches it subsequently gave.
When it originated from the 3rd part of axillary artery, the
posterior circumflex humeral artery gave the anterior cir-
cumflex humeral artery in 15.1% of specimens, when it
arose from the profunda brachii it gave no branches, when
it arose from the circumflex scapular artery it always gave
rise to the anterior circumflex humeral artery, and when it
originated from the brachial artery it gave the profunda
brachii in 11.8% of specimens.

The posterior circumflex humeral artery gave rise to
no branches in 85% of specimens, but gave rise to the
anterior circumflex humeral artery in 12.1% of specimens
and the profunda brachii in 2.9% of specimens. A signifi-
cant association (p<0.05) was observed between the
branches given off and gender: in males it was the profun-
da brachii, while in females it was the anterior circumflex
humeral artery.

The site of origin from the 3rd part of the axillary
artery in relation to presence or absence of variations are
summarized in Table 4. The anterior circumflex humeral
artery arose from the lateral aspect of the axillary artery,
including posterolateral and anterolateral, aspect of the
artery in 91.5% of specimens. The posterior circumflex
humeral artery commonly arose from the 3rd part from
the posterior aspect, including the posterolateral, postero-
medial and posterosuperior, in 95% of specimens. The
subscapular artery arose from the medial aspect, including
the posteromedial, in 86.4% of specimens.

Discussion

"The branching pattern of the 3rd part of the axillary artery
was studied with respect to its three classical branches, the
anterior and posterior circumflex humeral and subscapular
arteries, with respect to their origin, variations (if present),
diameter and gender. The current study shows a high fre-
quency of variations in the branching pattern, with only
20% of specimens having the classical branching pattern
bilaterally. Of the 140 dissections undertaken and exam-
ined variations were noted in 67.9% of specimens, which
were significantly more frequent in females. These obser-
vations show that only 32.1% of specimens followed the
description given of textbooks, that the 3rd part of the axil-
lary artery gives rise to three single branches.
Consequently, the ‘typical’ pattern can be considered to
less common. Although previous research has reported the
frequencies of variation in any one of the three branches,
little is known about the incidence of variations. Gaur et
al.”" reported an incidence of variation of 16% in 25 cadav-
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ers, while Maheswary Thampi et al.”” reported an inci-
dence of 40% in 20 dissected cadavers. The observations of
the current study are closer to the findings of Astik and
Dave," who reported a total incidence of the variant
branching pattern of the axillary artery in 62.5% of their 40
samples; however their findings did not show any gender
differences.

Although a high frequency of variations was found,
the 3rd part of the axillary artery remained the most fre-
quent site of origin of the anterior circumflex humeral
artery (85.7%), posterior circumflex humeral artery
(75.7%) and subscapular artery (90.7%). Similarly, in the
majority of specimens the anterior circumflex humeral
artery (92.1%), posterior circumflex humeral artery
(65%) and subscapular artery (77.9%) arose as single
branches (Table 3). However, it must be noted that this
high incidence did not occur in all specimens. The cur-
rent high incidence of variation highlights the impor-
tance of reporting the incidence of variations in the
branching pattern and not merely describe the variation
of branches, in order to determine the true incidence of
variation in the population.

The anterior circumflex humeral artery arose from the
3rd part of the axillary artery (85.7%), posterior circum-
flex humeral artery (10.7%), profunda brachii (2.9%) and
the 1st part of the axillary artery (0.7%) (Table 2). In the
majority of specimens (92.1%) it arose as a single branch
and only in 7.9% as a common trunk with the posterior
circumflex humeral artery (Table 3). Fontes et al.””
reported that the anterior circumflex humeral artery orig-
inated as a single branch in 62.5% of their sample, from
the profunda brachii in 4.2%,*” which is a similar to the
current study. Both Fontes et al.”” and Maheswary
Thampi et al.”” reported that it arose from the subscapu-
lar artery in 8.3% of specimens, a variation not observed
in the present study. Interestingly, double anterior cir-
cumflex humeral arteries have been reported””” and even
its absence.”” The anterior circumflex humeral artery
arose from a common trunk in 7.9% of specimens, agree-
ing with the 8.3% reported by Fontes et al.”” and the 10%
reported by Maheswary Thampi et al.””

The posterior circumflex humeral artery arose from
the third part of the axillary artery in 75.7% (Table 3),
which is in agreement with the 77.1% reported by Olinger
and Benninger.” The second most frequent origin was
from the brachial artery (14.2%), followed by the profun-
da brachii (2.9%), which is lower than the 8.4% reported
by Olinger and Benninger.” The origin of the posterior
circumflex humeral artery (as a single branch) from the
circumflex scapular artery that was observed in the present
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study in 0.7% has not been reported in previous studies.
The 6.4% arising from the subscapular artery is lower
than previous reports: 12% in Olinger and Benninger,””
30% Kanaka et al"” and 54.2% in Fontes et al.””
Furthermore, its origin from profunda brachii in 2.9% of
specimens is lower than the 4.2% of Fontes et al.”” and the
8.4% of Olinger and Benninger.” Moreover, one study™”
report an origin from the lateral thoracic artery in 1.2% of
their sample: this was not observed in the current study.
Although the literature reports the posterior circumflex
humeral artery arising as a common trunk with other
arteries,”"™"” these are case reports, therefore it is not pos-
sible to make comparisons with the current study.

Subscapular artery originated form the 3rd part of the
axillary artery in 90.7% of specimens in the current study
(Table 2), Olinger and Benninger”” reported 78.3%. Its
origin from profunda brachii has not been previously in
the literature. The subscapular artery arising from the 2nd
part of the axillary artery has been reported by Maheswary
Thampi et al.”” in 10% of specimens and by Gaur et al.*”
in 4%. The current study observed it originated from the
Ist first part of the axillary artery in 8.5% of specimens.
Moreover, one study”” describe the origin of subscapular
artery from the lateral thoracic artery in 5.4%.

The current study is the first to examine variations in
males and females separately. We found that significantly
more variations were present in females, implying that this
should be taken into consideration during medical proce-
dures. Significant differences between genders were found
in relation to the origin of the anterior circumflex humer-
al artery, branches of posterior circumflex humeral artery
and the diameter of subscapular artery. Significant differ-
ences were also observed when comparing anterior cir-
cumflex humeral artery diameter between different age
groups, anterior circumflex humeral artery origin and
diameter, subscapular artery origin and diameter and age
groups. Despite differences in anterior circumflex humer-
al artery diameter between age groups, no correlation was
found between age and the diameter of the artery.

Variations in the origin of vessels from the 3rd part of
the axillary artery might be explained by one of three pre-
viously suggested developmental theories.”*"* Aharinejad
etal.”” have suggested that variation may be due to remod-
eling of the complex primitive vascular networks. A second
theory, the sprouting theory, suggests that arteries of the
upper limb sprout from the axial artery.”""*** While the
third theory postulates that a proximodistal differentiation
of the initial capillary plexus, together with a posterior-to-
anterior polarity, is responsible for development of the
arterial pattern of the upper limb. The maintenance,
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enlargement and differentiation of particular capillary net-
works and the regression of others leads to the develop-
ment of the vascular pattern, including its variation.”

The major strength of the present study is its sample
size. All previously published literature had smaller sam-
ple sizes, and as such mainly provided information about
specific branches of the axillary artery or specific aspects
of these branches. Therefore, the literature provides a
scattered approach to variations and is not a true repre-
sentative of the population. In contrast the current study
focused on all three branches of the axillary artery
describing a range of variables: it therefore provides a
more holistic picture of the characteristics of the branch-
es of the 3rd part of the axillary artery. Another further
advantage of the current study is that it used gross dissec-
tion to examine each artery and its branching pattern.
Combined with the large sample size this limits the risk
of selection bias.

Despite the advantages of this study, there were some
limitations. Even though a variety of aspects of the
branching patterns are presented, there is no considera-
tion of the relationship of the arteries to adjacent struc-
tures, such as nerves. Such variations have been described
elsewhere and are of clinical importance, as they may
result in compression of the arteries."’ Furthermore, the
variations described do not include the origin of addition-
al branches from the 3rd part of the axillary artery.
Consequently, some variations might not have been iden-
tified, so that the frequency of variations may be higher.

"The variations in the origin and course of third part of
axillary artery are clinically important in diagnostic vascu-
lar procedures and surgical treatment. Treatment of
chronic shoulder dislocation using axillary approach may
injure axillary and brachial arteries.” Such variation
should be considered during pectoralis major myocuta-
neous graft, mastectomy or in cardiac bypass surgery for
grafting: These variations can be diagnosed and rolled out
using doppler study or angiography. It has been also
reported that arterial variations can be used to confirm
and explain the causes of the upper limb pathologies
including peripheral vascular diseases and treatments of
axillary artery thrombosis.™

Conclusion

This study found a high frequency of variations in the
branching pattern whereas when each branch was consid-
ered separately a high frequency of “normal” anatomy was
found. These results indicate that it is common for one
individual to have a variation, but it is uncommon for vari-
ations to exist in multiple arteries. Furthermore, this study
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was the first to provide information concerning the rela-
tion of variables such as sex, age and side with the presence
of variations. Among them, sex was found to be a signifi-
cant variable influencing the presence of variations in the
branching pattern of the third part of the axillary artery.
As the topographic anatomy of vascular variations is of
major clinical importance, further research should focus
on documenting the course of the arteries in relation to
adjacent structures.
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