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ABSTRACT

Since the deltoid muscle is often used as the site of intramuscular injection, how the in-
jection site should be determined to avoid damages to the axillary nerve was evaluated
using cadavers. A perpendicular line is drawn from the mid-point of the superolateral mar-
gin of the acromion to the line between the upper end of the anterior axillary line and the
upper end of the posterior axillary line (anteroposterior axillary line). Since the axillary
nerve passes the lower third of this segment, the upper half or third of this segment or the
intersection of this line with the anteroposterior axillary line is considered to be the appro-

priate site for intramuscular injection.
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Introduction

The deltoid muscle is often used for intramuscular
injection. In injection in the deltoid muscle, an appro-
priate site must be selected so as not to damage the
axillary nerve with the accompanying posterior cir-
cumflex humeral artery and the radial nerve with the
accompanying profunda brachii artery. As appropriate
sites for injection, 3 finger breadth below the
acromial anterior edge,’’ central part of the deltoid
muscle,?’ anteriorly to the central part of the deltoid
muscle,” *’ and central part of the deltoid muscle 2.5-
5 cm below the acromion® have been suggested.
However, according to textbooks of anatomy, the
axillary nerve is located about 5 cm below the
acromion,® "’ so that an injection o cm below the
acromion is dangerous. Also, an appropriate site for
injection is difficult to determine by definitions such
as 3 finger breadth below or a given centimeters
below the acromion because of the variation of the
thickness of the fingers of the person who gives the
injection. and the body build of the person who re-

ceives the injection. Similarly, the expression "th
central part of the muscle" is unclear. Therefore, w
previously determined the site for intramuscular injec
tion in relative terms according to the distance be
tween the acromion and the axilla using one each ¢
anatomized male and female cadavers in which th
deltoid muscle was exposed.®’ In this study, whethe
this site is appropriate or not for intramuscular injec
tion was examined using a larger number of cadaven

Materials and Methods

Thirty-five arms of 21 cadavers used for anatom
classes at Kanazawa University were studied. All boc
ies were skinned, and the deltoid muscle was e:
posed. The 35 arms studied consisted of 19 arms «
12 males aged 55-88 years and 16 arms of 9 femal
aged 67-93 years.

The landmarks used in our previous study®’ we
applied to the skinned deltoid muscle. Each body w
laid in the supine position with the arms extended
contact with the trunk. The superolateral margin
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Table 1. Distances measured on 19 male arms (mm)

measured sites

aa' bb' ce' 2/3aa' 2/3bb' 2/3cc’ 1/2aa' 1/2bb' 1/2cc!
maximum 114 111 95 76 74 63.3 57 55.5 47.5
minimum 90 87 72 60 58 48 45 43.5 36
mean 100.1 96.7 85 66.7 64.4 56.7 50 48.3 42.5
standard
deviation 5.5 6.4 7.3 3.7 4.3 4.9 2.7 3.2 3.7

Table 2. Distances measured on 16 female arms (mm)

measured sites aa' bb' ce' 2/3aa' 2/3bb' 2/3cc’ 1/2aa' 1/2bb' 1/2cc’
maximum 106 101 91 70.7 67.3 60.1 53 50.5 45.5
minimum 73 65 47 48.7 43.3 31.3 36.5 32.5 23.5
mean 89 85 75.5 59.3 56.7 50.3 44 .5 42.5 37.8
standard

deviation 7.9 9.1 9.7 5.3 6.1 6.5 3.9 4.6 4.9

Fig. 1. Lateral aspect of the shoulder. Three perpen-

| BB
Fig. 2. Anterior aspect of the axilla. The upper end

of the anterior axillary line is indicated by a
capital letter A.

Fig. 3. Posterior aspect of the axilla. The upper end
of the posterior axillary line is indicated by a
capital letter B. Line AB (figs. 2 and 3) is the
anteroposterior axillary line.

dicular lines are drawn from anterior edge (a),
mid-point (b), and posterior edge (c) of the
acromion (Ac) to the anteroposterior axillary

line (AB). Arrows indicate the needles in-
serted perpendicularly into the deltoid muscle

the acromion was divided into two equal segments,

(D) at lower 1/3aa’, lower 1/3bb’, and lower and the anterior edge (a), mid-point (b), and posterior

1/3cc’. Note the shadow indicates the appro- edge (c) were determined (Fig. 1). The upper end of
priate sits for intramuscular injection.

the anterior axillary line (point of intersection of the
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Fig. 4. Posterior aspect of the shoulder. The deltoid
muscle (D) is cut at the origin and turned to-
ward the insertion. Arrow indicates the nee-
dle inserted at the lower 1/3cc', and its tip
reaches the quadrangular space (QS). The
axillary nerve appears from the QS and di-
vides into anterior and posterior branches
(arrow heads). Note the radial nerve (RA) is
situated near the intersection of the antero-
posterior axillay line and the perpendicular
line from the posterior edge (c) of acromion
(Ac).

abdominal, thoracic, and clavicular parts of the
pectoralis major muscle ; Fig. 2) was named A, and
the upper end of the posterior axillary line (point of
intersection of the teres major muscle and latissimus
dorsi muscle with the triceps brachii muscle ; Fig. 3)
was named B. Line AB (designated the anteropos-
terior axillary line) is nearly parallel to the ground.
Perpendicular lines were drawn from points a, b, and
¢ on the acromion, and the points of their intersection
with line AB were defined as a', b, and c|,

Fig. 5. Superior aspect of the shoulder. Arrow 1,
arrow 2, and arrow 3 indicate the tips of nee-
dles inserted at lower 1/3cc’. lower 1/3bb’,
and lower 1/3 aa’, respectively. Note the tips
(arrows 1 and 2) contacting with the axillary
nerve (arrow heads), and the tip (arrow 3)
being situated below the nerve. Asterisk
head of the humerus.

respectively. The distances aa', bb', and cc' were
measured using calipers, and their halves and thirds
were calculated (Tables 1 and 2). Needles were in-
serted perpendicularly into the muscle at lower 1/3aa/,
lower 1/3bb', and lower 1/3cc' (Fig. 1). Next, the del-
toid muscle was reversed from the origin to the inser-
tion, and the spatial relationships of the needles with
the axillary nerve and radial nerve were examined.

Results

The axillary nerve appeared in the deep layer of
the deltoid muscle through the quadrangular space,
i.e. the area surrounded by the humerus, teres minor
muscle, teres major muscle, and long head of the tri-
ceps brachii muscle, ran anteriorly along the surgical
neck of humerus in close contact with the deep sur-
face of the deltoid muscle, and divided into a few
number of branches in the clavicular part of the del-
toid muscle (Figs. 4 and 9).
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In all the 35 male and female arms examined, the
tip of the needle inserted at lower 1/3cc' nearly
reached the quadrangular space and pierced the
axillary nerve or posterior circumflex humeral artery,
which appeared through this space (Figs. 4 and 5).
Also, the tip of the needle inserted at lower 1/3bb'
pierced the axillary nerve and posterior circumflex
humeral artery, which ran along the surgical neck of
humerus (Fig. 5). Also, the tip of the needle inserted
at lower 1/3aa' nearly touched the axillary nerve on
the anterolatereal side of the humerus in two-thirds of
the examined arms and was located slightly below the
axillary nerve in the remaining one-third of the arms.
In the latter group, the axillary nerve ran at the level
of 1/2aa' or slightly below (Fig. 9).

Thus, the axillary nerve ran in the lower third of
between the
anteroposterior axillary line from the back to the front

the  space acromion and the
in close contact with the deep surface of the deltoid
muscle. However, in some bodies, the nerve was lo-
cated between the lower third and half of the distance
between the acromion and the anteroposterior axillary
line at the anterior acromial edge. The mean distances
from the posterior edge, mid-point, and anterior edge
of the acromion to the axillary nerve were 56.7, 64.4,
and 66.7 mm, respectively, in the males and 50.3,
56.7, and 59.3 mm in the females (Tables 1 and 2).
These results indicate that the axillary nerve is lo-
cated more distally than 5 cm from the acromion,
which is mentioned in textbooks of anatomy.® "

The radial nerve passed the gap surrounded by the
teres major muscle and long head and lateral head of
the triceps brachii muscle (Fig. 4). This position cor-
responded either to the intersection between line AB
and the posterior margin of the deltoid muscle or
point ¢!, and none of the needles inserted at lower
1/3aa', lower 1/3bb', and lower 1/3cc' reached the ra-
dial nerve.

Discussion

The results obtained in this study supplemented
those obtained in a previous study.®’ The site indi-
cated by the shadow in Fig. 1 is considered to be ap-
propriate for intramuscular injection in the deltoid
muscle. The person who receives the injection hangs
the arm close to the trunk in the standing position. It

is considered best for the person who gives the injec-
tion to feel for the mid-point of the acromion of the
person who receives the injection, imagine the line
between the upper end of the anterior axillary line
and the upper end of the posterior axillary line
(anteroposterior axillary line), draw a perpendicular
line from the mid-point of the acromion to the
anteroposterior axillary line, and perform the injection
nearly perpendicularly at a site near 1/2 to upper 1/3
of this perpendicular line or at the intersection of this
perpendicular line and the anteroposterior axillary line
to avoid damaging the axillary nerve or radial nerve.

The distance between the acromion and axillary
nerve is described as about 5 cm in textbooks of
anatomy.® ”’ However, according to Kido et al.,”’ the
axillary nerve is located 4.3-6.3 cm from the
anterolateral edge of the acromion and 4.1-6.3 cm
from the posterolateral edge of the acromion. Also,
Burkhead et al.'” measured the distance from the
acromion to the axillary nerve and reported that it
was 3.1 cm to 7.7 cm and was less than 5 cm in
20% of the subjects. The results of their study sug-
gest that the distance between the acromion and
axillary nerve is frequently less than 5 cm. Moreover,
Kulkarni et al.'” reported that the axillary nerve was
located 2.2-2.6 cm above the center of the deltoid
muscle. These results suggest that the axillary nerve
may be located about 5 cm below the acromion but
that it is located above or below this position in a
considerable percentage of the population.

In our present study, the distance from the mid-
point of the acromion to the axillary nerve was 5.8-
74 cm (mean 6.4 cm) in the males and 4.9-7.1 cm
(mean 5.7 cm) in the females, and the axillary nerve
often ran 5 cm or more below the acromion unlike
the above reports® "'*'”. According to our results, intra-
muscular injections 2.5-5 c¢cm below the acromion®’
are considered not to damage the nerves, but accord-
ing to the above reports® "'*™ they are not necessar-
ily considered to be safe.

This discrepancy of the results indicate the danger
of expressing the location of the axillary nerve in
terms of the distance (cm) from the acromion by dis-
regarding the body build variation and sexual differ-
ence. The same danger occurs also when the site of
an intramuscular injection is expressed as 3 finger
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breadth below the acromion®’ or anteriorly to the cen-
tral part of the deltoid muscle.®*’

In contrast, estimation of the site of the axillary
nerve in relative terms as was done in this study, by
which the variation associated with the body build
and sex can be ignored, is considered to improve the
safety of intramuscular injection in the deltoid muscle.
However, as this study was carried out using skinned
bodies with the deltoid muscles exposed, confirmation
in the presence of the skin is still necessary.
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