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This study investigated the thickness of the deltoid muscle and the location of the anterior branch of the axillary nerve (AAN) and
posterior circumflex humeral artery (PCHA), with the goal of maximizing the effectiveness of deltoid injections. Forty specimens
from 22 adult Korean cadavers were used. A reference line was identified, connecting the anterior point of the deltoid muscle (AP)
and the posterior point of the deltoid muscle (PP) on the surface. The midpoint between the AP and PP was used as the origin
point (OP). The line connecting the OP and the lowest point of the deltoid tuberosity (DP) was used as the y-axis. The mean
distance of the reference line from the AP to PP was 4.7 + 0.7 cm. The vertical mean length of the deltoid muscle from the OP
and DP was 16.1 £ 1.0 cm. At the 3, 5, and 7 cm sites, the thickness of the deltoid muscle was 0.62 +£0.9, 0.73+0.7, and 1.3 +
1.1 cm, respectively. Most of the branches of the axillary nerve were concentrated in the third section (4-6 cm, 51%), while the
branches of the PCHA were predominantly found in the fourth section (6-8 cm, 69%). The peripheral branches of the AAN
entering the muscle were distributed between 2.2 and 9.8 cm from the acromion. The mean number of the peripheral branches
of the AAN was 9.6+3.4. In the deltoid muscle, the mean number of peripheral branches of the PCHA was 8.2 +2.8.
Administering deltoid injections 5-6 cm below the OP is recommended to avoid axillary nerve injury.

1. Introduction

Deltoid intramuscular injections are a common procedure
[1-3]. The mass of the deltoid muscle is smaller than that
of other intramuscular injection sites such as the gluteus
maximus or the vastus lateralis muscle [4].

To identify the proper location for injection, it is neces-
sary to understand the anatomy of the neurovascular struc-
tures beneath the muscle. In particular, to avoid errors in
injections into the deltoid muscle, it is necessary to accu-
rately identify the location of the anterior branch of the

axillary nerve and PHCA, as well as the thickness of the
deltoid muscle itself [5-7].

Anatomical studies of the deltoid muscle have examined
the size and shape of the muscle belly and the location of the
axillary nerve, and studies on botulinum toxin (BTX) injec-
tion have also been conducted [8-14]. However, there are
few studies on the relative distribution of the arteries and
nerves in the deltoid muscle or the thickness of the deltoid
muscle relating to deltoid injections [15, 16].

The aim of this study was to determine the thickness of
the deltoid muscle and to identify the location of the anterior
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FiGurek 1: Illustration of the reference lines used to measure the thickness of the deltoid muscle and length of the bony landmark. The line
connecting the OP and DP was equally divided into 8 equal sections. The average value of each section was about 2 cm. AP: the anterior
point of the acromion; PP: the posterior point of the acromion; OP: the origin point of the reference line; blue line: thickness
measurement point of the deltoid muscle; x-axis: line connecting the AP and PP; DP: the lowest point of the deltoid tuberosity; y-axis:

line connecting the OP and DP.

branch of the axillary nerve and PHCA, in order to optimize
deltoid injections.

2. Materials and Methods

2.1. Materials. Forty specimens from Korean adult
embalmed and nonembalmed cadavers (11 male, 11 female;
10 embalmed, 12 nonembalmed; age range: 49 to 93 years;
mean age: 76 years) were used in this study. Specimens with-
out a history of shoulder surgery or fractures were chosen.
After removing the skin and subcutaneous tissue overlying
the deltoid muscle, a detailed dissection was performed in
all specimens, while taking extreme care to avoid damaging
the axillary nerve. In this study, we focused on the acromial
part of the deltoid muscle.

2.2. Landmarks and Axis. The anterior point of the acro-
mion (AP), the posterior point of the acromion (PP), and
the acromion were identified before dissection. The origin
point (OP) was defined as the midpoint of a reference line
(x-axis) connecting the AP and PP at the acromion level,

and a vertical line (y-axis) was formed by connecting the
OP to the lowest point of the deltoid tuberosity (DP)
(Figure 1).

2.3. Methods of Measuring the Thickness of the Deltoid
Muscle, Skin, and Soft Tissue. The thickness of the deltoid
muscle, skin, and soft tissue was measured using digital cal-
ipers (resolution 0.01 mm, CD-20PSX, Mitutoyo, Japan) at
the 3, 5, and 7 cm distance from the OP.

2.4. Location of the Anterior Branch of the Axillary Nerve
and the Posterior Circumflex Humeral Artery. The distribu-
tion of the branches of the axillary nerve and the PCHA
was investigated to determine how many branches were
located in each area, after dividing the branches into eight
equal sections on the y-axis. Since the anterior branch of
the axillary nerve is the main nerve in the acromial part of
the deltoid muscle, we excluded the posterior branch of the
axillary nerve from our study and focused only on the ante-
rior branch of the axillary nerve.
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TABLE 1: Mean values of the reference line measurements (unit: cm).

Measurements Total (mean + SD) Males (mean + SD) Females (mean + SD) P
AP-PP length 4.7+0.7 5.0+0.7 4.5+0.7 0.002
OP-DP length 16.1+1.0 16.3+1.1 16.0+0.9 0.517

SD: standard deviation; AP: the anterior point of the acromion; DP: the lowest point of the deltoid tuberosity; PP: the posterior point of the acromion; OP: the
origin point of the reference line (x-axis).

TaBLE 2: Measurements of the thickness of the deltoid muscle (on the y-axis) (unit: cm).

3cm 5cm 7 cm
Mean (range)
Deltoid muscle thickness 0.67 (0.51-0.84) 0.79 (0.64-0.96) 1.32 (1.15-1.40)

SD: standard deviation.

TaBLE 3: Locations of the main branches of the axillary nerve and the PCHA in relation to the OP (unit: cm).

Measurements Total (mean + SD) Males (mean + SD) Females (mean + SD) Min Max p
Axillary nerve 58+1.0 6.0+1.0 57+0.9 45 8.5 0.107
Posterior circumflex humeral artery 6.3£0.9 6.5+1.0 6.2+1.0 4.0 8.3 0.554

SD: standard deviation.

5th'section

7th section

8th section

FIGURE 2: The distribution location of the main branches of the axillary nerve and the PCHA in the deltoid muscle. The axillary nerve and
PCHA were located at a mean distance of 5.8 + 1.0 cm and 6.3 + 0.9 cm downward from the AP-PP line (x-axis), respectively. Most of the
main branches of the axillary nerve were concentrated in the third section (4-6 cm, 51%), with the branches of the PCHA in the fourth
section (6-8 cm, 69%).
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FIGURE 3: A photograph showing the axillary nerve (yellow color) and the PCHA (red color) distributed in the medial part by dissecting the
deltoid muscle on the left side. Asterisk: head of the humerus; SUP: superior; LAT: lateral.

2.5. Statistical Analysis. Data were analyzed using Microsoft
Excel (Excel 2016, Microsoft Corp., Redmond, WA, USA).
The t-test was used to compare the variables of interest
according to sex, and P values less than 0.05 were considered
to indicate statistical significance. The present study was
conducted in accordance with the principles of the Declara-
tion of Helsinki. This study was approved by the Institu-
tional Review Board of Chung-Ang University (IRB No:
1041078-201903-BRBM-089-01).

3. Results

3.1. Landmarks and the Muscle. The mean length of the ref-
erence line from the AP to PP was 4.7 £ 0.7 cm (maximum,
6.4 cm; minimum, 3.2cm). The mean vertical length of the
deltoid muscle from the OP and DP was 16.1 + 1.0 cm (max-
imum, 18.3 cm; minimum, 14.7 cm) (Table 1).

The thickness of the deltoid muscle was 0.67 + 13 cm
(range, 0.51-0.84cm), 0.79 £ 0.12 cm (range, 0.64-0.96 cm),
and 1.32+1.0cm (range, 1.15-1.40cm) at 3, 5, and 7cm
above the x-axis, respectively (Table 2).

3.2. Location of the Anterior Branch of the Axillary Nerve
and the PCHA. The main branches of the axillary nerve
and the PCHA were located in the transverse area of the sur-
gical neck of the humerus at the deltoid muscle. To analyze
the distribution of the nerve and artery, we divided the
region into eight horizontal compartments, with 2 cm inter-
vals on the y-axis (from the OP to the DP) (Figure 1).

The axillary nerve and the PCHA were distributed at
5.8+ 1.0cm and 6.3 £0.9 cm from the x-axis, respectively.
Most of the main branches of the axillary nerve (observed
during macroscopic investigations) were concentrated in
the third section (4-6cm, 51%), with the branches of the

TaBLE 4: The number of peripheral branches of the axillary nerve
and the PCHA entering the deltoid muscle (unit: cm).

Axillary nerve Posterior circumflex humeral artery

Mean+SD  9.6+3.4 82+2.8
0-5 (%) 5(17) 4 (15)
6-10 (%) 11 (37) 17 (65)
11-15 (%) 14 (46) 5 (20)

SD: standard deviation.

PCHA in the fourth section (6-8cm, 69%) (Table 3 and
Figure 2). The PCHA ran 0.5cm below the axillary nerve
on average, with no statistically significant difference by
sex (P =0.554, t-test).

3.3. Entry Points of the Peripheral Branches of the Axillary
Nerve and the PCHA. The peripheral branches of the axillary
nerve, which entered the muscle, were distributed between
2.2 and 9.8cm from the acromion. The mean number of
peripheral branches of the axillary nerve was 9.6 + 3.4, and
the peripheral branches of the axillary nerve entering the
deltoid muscle were distributed as follows: <5 branches: 5
specimens (17%); 6 to 10 branches: 11 specimens (37%);
and 11 to 15 branches: 14 specimens (46%).

The number of the PCHA branches entering the deltoid
muscle ranged from 2 to 13. In the deltoid muscle, the mean
number of peripheral branches of the PCHA was 8.2 +£2.8,
and the branches entering the deltoid muscle were distrib-
uted as follows: <5 branches: 4 specimens (15%); 6 to 10
branches: 17 specimens (65%); and 11 to 15 branches: 5
specimens (20%).

The number of peripheral branches of the axillary nerve
was most often between 11 and 15, and the number of
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FIGURE 4: Photographs and schematic illustrations indicating the distribution patterns of the main branch of the PCHA. (a) Type A (the two
branches), (b) Type B (the inferior one branch), (c) Type C (the superior one branch). Red color: PCHA; SUP: superior; LAT: lateral.

peripheral branches of the PCHA was most often between 6
and 10 (Figure 3 and Table 4).

3.4. The Main Branching Pattern of the PCHA. The PCHA
passed through the deltoid muscle after bifurcating into
one branch or two branches. The pattern bifurcating into
two branches was the most common (type A, 60%). In types
B and C, it was divided into inferior (type B, 35%) and supe-
rior (type C, 5%) branches, respectively.

It was found that the main trunk of the PCHA was dis-
tributed below the axillary nerve in all samples (Figure 4).

4. Discussion

The deltoid muscle is widely used for intramuscular injec-
tions and as an injection point in the fields of anesthesia
and vaccination [2, 3, 17, 18], as well as in rehabilitation
medicine for injections to treat shoulder pain or muscle
sprains [19]. From our observations, the axillary nerve and
PCHA distributed in the deltoid muscle ran closely to each
other along the surgical neck of the humerus, as two struc-
tures were about 0.5cm apart. In our study, the positional
relationship between the axillary nerve and the PCHA was
studied through cadaveric dissection to identify effective
injection points in the deltoid muscle.

In our study, there was a significant difference in the
length between the AP and PP, which is a bony landmark
between males and females (P =0.002, t-test). Nicholson
et al. also reported that there was a significant difference in
the length of the acromion between males and females,
and multiple regression analysis revealed no significant
changes in any dimension with increasing age. Our results
agree with those of the study by Nicholson et al. [20].

A study by Nakajima et al. described the location of the
nerves and arteries distributed in the deltoid muscle and
reported a safe point for intramuscular injection [2]. They
recommended that the safest point for deltoid muscle injec-
tions was the periphery of the deltoid tuberosity (about 9.9-
12.0cm), which is located far away from the nerves and
arteries. In contrast, in the present study, the axillary nerve
and arteries were mainly distributed in the third (51%) and
fourth (45%) sections, respectively. Therefore, for safe injec-

tions into the deltoid muscle, one must inject along the axil-
lary nerve in a horizontal direction from about 5-6 cm below
the x-axis along the surface of the humerus. The deltoid
muscle and skin are thickest at the 7cm point. We suggest
that deltoid muscle injections could be performed safely
unless the injection is performed too deeply. In deltoid mus-
cle contouring, a small dose should be spread out and
injected widely into the superficial layer of the muscle in
consideration of the spread of BTX, and care should be taken
not to damage the arteries. Anatomical variations are com-
monly found and are statistically predictable, and multiple
observations can help to overcome the researcher subjectiv-
ity [21, 22].

In comparison with the Nakajima et al.’s study, the dis-
tribution location of the PCHA in males was different from
our study. In Nakajima et al.’s study and in our study, the
PCHA in males were 7.6+ 1.0cm and 6.5+ 1.0cm below
the midacromion, respectively. We observed that the PCHA
in male is present below in Nakajima et al.’s study. In Naka-
jima et al’s study, the length of the PCHA in the male was
significantly longer (P <0.001, t-test). However, no signifi-
cant difference was found between the Korean and the Japa-
nese in humerus length (P=0.449, t-test) [23, 24]. The
difference in the length of the deltoid muscle, even though
there was no difference in the humerus, identified that there
was a difference between the two races regardless of the
humerus.

In this study, the distribution pattern varied according to
the specimen. The location of the entry point of the periph-
eral branch that entered the muscle was between 2.2 and
9.8cm below the x-axis (AP-PP line). In particular, the
fourth section (69%) should be avoided for injections
because the main branches of the PCHA are distributed in
that region. The locations of the main branches of the axil-
lary nerve and the PCHA were found to be 5.8+1.0cm
and 6.3+0.9cm away from the AP-PP line, respectively.
From the AP and PP lines, the main branch of the PCHA
was located at 6.3 £0.9cm, and the peripheral branches
were located at 8.2 + 2.8 cm, mainly distributed in sections
4 and 5 in the entire deltoid muscle.

The findings of this study have important implications
for maximizing the effectiveness of injections and reducing



complications. If Sihler’s staining of the deltoid muscle is
performed in a follow-up study, it will be possible to resolve
the limitations of macroscopic anatomy by revealing the
innervation of the muscle. The identification of the exact
location of the distribution patterns of nerves and arteries
in the deltoid muscle is very important for injections into
the deltoid muscle; hence, the information obtained in this
study is of value.

Data Availability

The underlying data supporting the results of our study can
be found in the manuscript.
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