ORIGINAL ARTICLE

Eur J Anat, 25 (3): 311-323 (2021)

Morphology and morphometry of the deltoid
region applied to intramuscular injections

Bruna Garbin de Souzal, Lazaro A. dos Santos?, Lorena T. de Menezes?, Roberto Bernardino Junior?,

Daniela C. de Oliveira Silva?

1 Course of Nursing, Faculty of Medicine, Federal University of Uberlandia, Uberlandia, MG, Brazil

2 Department of Human Anatomy, Institute of Biomedical Sciences, Federal University of Uberlandia, Uberlandia, MG, Brazil

SUMMARY

Intramuscular injections administered in the
deltoid region must be performed in the denser
partofthe musclein an area below the acromion to
the deltoid tuberosity. Despite being the most used
region, it is the one that presents the greatest risk
tothe patient’s integrity. Thus, the aim of this work
was to analyze the morphology and morphometry
of the deltoid region and to establish correlations
with neurovascular structures. Thirty upper limbs
of adult human cadavers were fixed in formalin
solution and subsequently dissected. Parameters
as length, width, thickness and distance between
the neurovascular bundle and intramuscular
injection point were verified using a digital
caliper. It was observed that in 100% of the limbs
the deltoid muscle presented three multipennate
bellies. Lateral margin length (16.71 + 1.21 cm)
was significantly lower compared to that of the
anterior (18.69 + 1.84 cm) and posterior (20.14 +
2.08 cm) margins. Anterior belly thickness (1.62 *+
0.59 cm) was lower than that of the posterior (2.03
+ 0.53 cm) and similar to that of the lateral belly
(1.75 + 0.41 cm). The total width of the muscle
was 12.87 + 1.97 cm, while the distance from
the neurovascular bundle to the intramuscular
injection point was 2.85 + 1.16 cm. There was no
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morphometric difference between the antimeres,
except for the anterior belly thickness, with higher
value in the right antimere. It can be concluded
that the neurovascular bundle is located in the
posterior and posterolateral parts of the muscle
and, therefore, within the intramuscular injection
area. Thus, the most anterior part of the lateral
belly and the whole anterior belly seem to be more
favorable sites for administering intramuscular
injections.
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INTRODUCTION

Since the 1970s, research in nursing regarding
the various forms of injections has been
developed to investigate various factors, such
as complications, better administration sites,
procedures to reduce pain and techniques for
applying intramuscular injections (Keen, 1986;
Beecroft and Redick, 1989; Losek and Gyuro,
1992; Nicoll and Hesby, 2002; Coskun et al.,,
2016). At this time, intramuscular injections are
used frequently and its safe implementation is
the nurse’s responsibility (Small, 2004; Coskun
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et al., 2016). For this purpose, the anatomical
knowledge, which constitutes an area of morpho-
functional study, provides theoretical support for
the various structures of the organism as well as
its function, contributing to the success of the
technique performed by health professionals (Da
Silva and Vaz Vidal, 2013).

The intramuscular route is the best one of
administration for antibiotics,
and similar drugs in hospital environments,
as well for vaccines in primary care centers.
Intramuscular injection is chosen for situations
in which the absorption rate of a drug is very
slow by the subcutaneous route or very fast
by the intravenous route (Hopkins and Arias,
2013; Coskun et al., 2016). When performing an
injectable administration in the muscle belly,
the nurse must be aware of the general factors
of anatomical variation including biotype, age,
sex, race and local conditions, which follow the
characteristics of individual variations in the
regions of clinical and therapeutic implications,
such as: shape, length, width, thickness and
disposition of muscle fibers (Da Silva and Vaz
Vidal, 2013).
intramuscular injections have disadvantages that
must be considered, such as abscess formation,
erythema, infiltrations in the subcutaneous
tissue, embolisms and nerve injuries (Greenblatt
and Allen, 1978; Valderrama and Miguel, 1981;
Thomaz and Baltar, 1988; Mcivor et al., 1991;
Cassiani et al., 1998). Other complications that
have been reported include violent pain, radiated
or not, during or immediately after the application
of the medication, flushing, hematomas, nodules,
paresis, paralysis or necrosis (Cassiani et al.,
1998).

corticosteroids

Several studies indicate that

The main regions selected for intramuscular
drugapplicationinthepatientandwiththegreatest
clinical implication in the cranio-podalic sense
are the deltoid, dorsogluteal and ventrogluteal
regions, and the lateral aspect of the thigh (Da Silva
and Vaz Vidal, 2013). Among these, the deltoid
region is used for the administration of small
volume non-irritating drugs, such as vaccines
(hepatitis A and B), analgesics, antiemetics,
antibiotics and antipsychotics (Mcgarvey and
Hooper, 2005; Cocoman and Murray, 2008). Some

authors state that administration in this region
has been avoided by health professionals due to
the higher percentage of complications resulting
from muscle punctures when compared to
other regions, in addition to its great anatomical
disadvantage (Godoy et al., 2004; Meireles and
Motta-Filho, 2004; Da Silva and Vaz Vidal, 2013).
Other disadvantages that this region can offer to
the patient include the small tissue reservoir to
absorb the medication, which makes it impossible
to introduce large volumes in the muscle belly;
the intolerance to irritable substances; and the
possibility of injuries to vascular and nervous
branches that can seriously compromise their
irrigation and drainage as well as the motor
function of the arm (Giovani, 2006; Da Silva and
Vaz Vidal, 2013).

The “deltoid” injection site is so called because
it has the shape of the Greek letter “delta”, which
means “V-shaped triangle” (Cocoman and Murray,
2008). The main structure forming this site is a
muscle of the same name, the deltoid, a thick and
strong muscle, with rough texture, which covers
the shoulder and forms its rounded profile. The
deltoid muscle is divided in anterior and posterior
semipennate parts and a middle multipennate
part. The muscle parts can act separately or
together. Its proximal fixation is on the lateral
third of the clavicle, the acromion and the scapula
spine; its distal fixation is on the deltoid tuberosity
of the humerus (Moore et al., 2019).

The deltoid muscle is irrigated by the deltoid
branch of the thoracoacromial artery, a wide and
short trunk that bifurcates from the 2™ part of
the axillary artery; and the posterior circumflex
humeral artery, which originates from 3" part
of the axillary artery and crosses medially
the posterior wall of the axilla through the
quadrangular space. Together with the arteries,
the posterior circumflex humeral and cephalic
veins drain the deltoid muscle; the latter follows
over the deltoid muscle along the delto-pectoral
groove, between the deltoid and the pectoralis
major muscles. The innervation of the deltoid
muscle is done by branches of the axillary nerve,
which is the terminal branch of the posterior
fascicle of the brachial plexus, receiving fibers
from C5 and C6; these branches are the upper



lateral cutaneous nerve of the arm, which spirals
around the surgical neck of the humerus deep into
the deltoid muscle, innervating the skin over the
lower region of the muscle; and the anterior and
posterior branches of the axillary nerve (Moore et
al., 2019).

Similar to all intramuscular injections,
those injected into the deltoid muscle must be
performed in the densest part of the muscle.
This part is located by drawing an imaginary
horizontal line of two to three finger widths, 2
to 5 cm below the lower margin of the acromial
process (Craven and Hirnle, 2008; Rodger and
King, 2000). The injection must be applied into
an imaginary triangle, whose base is the central
half of this horizontal line, and the inverted apex
is formed at the midpoint of the lateral aspect of
the arm in line with the axilla (Kozier et al., 1993;

Rodger and King, 2000).

Considering the possibility of individual
anatomical variations that can result in lesions of
some structures of the neurovascular bundle when
intramuscular injections are administered in the
deltoid region (Castellanos, 1977), morphological
and morphometric investigations of this region
are necessary. In that sense, morphology studies
the organic forms, emphasizing the arrangement
of anatomical structures belonging to each system
and region of the body, while the morphometry
investigates the shape variation of the organisms,
through correlations between measures of
distance and size of body structures (Mandarim-
Lacerda, 1995).

Within this context, this research aimed to
describe the morphology of the deltoid muscle in
human cadavers, evidencing the shape, proximal
and distal fixations (origin and insertion) and
muscle fibers disposition, as well as the path and
distribution of their neurovascular structures.
In addition, measurements of the upper limb
length, as well as the length, width and thickness
of the deltoid muscle and the distance from
the neurovascular bundle to the intramuscular
injection point were quantified in order to
establish comparisons and correlations between
the different parameters analyzed, and between
right and left antimeres.

MATERIALS AND METHODS

Study design and sample

The research on the morphology and
morphometry of the deltoid region applied to
intramuscular injections is an experimental,
descriptive, quantitative and analytical study, and
was performed from January to December 2019.

Thirty upper limbs of adult human cadavers
of unknown sex, coming from the laboratory
of human anatomy, were used and fixed in
10% formalin solution through subcutaneous,
intravenous,
injections, and kept immersed in containers
containing the same solution.

intramuscular and intracavitary

As inclusion criteria in the study, the upper
limbs should be healthy, with all segments
(shoulder, arm, forearm and hand) present, and
the deltoid region intact, especially the deltoid
muscle. Exclusion criteria involved upper limbs
with missing clavicles, damaged deltoid muscles
or neurovascular bundle, or any other injury to
the deltoid region.

Data collection instruments

In order to proceed with morphological
description and morphometric analysis, all the
cadaveric pieces were dissected using a scalpel
handle number 4, blades number 23 and 24,
straight rattooth tweezer (16 cm), straight serrated
tweezer (16 cm), straight Metzembaum scissors
(14 cm), straight Mayo Stille scissors (15 cm) and
straight fine/blunt surgical scissor (15 cm).

The parameters of upper limb length as well
as length, width and thickness of the deltoid
muscle and the distance from the neurovascular
bundle to the intramuscular injection point
were measured using cotton string (number
6, thickness 4/8, raw), stainless steel pins with
round plastic head (5 cm length) and a universal
digital caliper, 12”, 300mm, 0.01mm resolution,
Zaas Precision (Tecnoferramentas Comercial,
Importacio e Exportacdo Ltda, Sdo Paulo, Brazil).
The neurovascular bundle was located using a
disposable hypodermic needle (model 25x0.8mm,
Labor Import) and a syringe (10 ml, Descarpack
Luer Slip).
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Procedures

The preparation of the anatomical pieces
followed the usual dissection techniques and
procedures (Rodrigues, 2010). First, the cadaver
was placed in a prone position, with the arm
adducted at 45°, using a wooden block. The skin
and adipose tissue of the back, thoracic region and
upper limb were removed; for this, a transverse
incision was made on the middle third of the
neck, connecting the posterior to the anterior
median line. Then, two sagittal sections were
performed on the posterior and anterior median
lines, extending from the initial incision to the
level of the xiphoid process. A fourth incision was
made transversally from the posterior to anterior
median line at the level of the xiphoid process.
After removing the skin, the fasciae were removed
and it was possible to visualize and identify the
shoulder muscles.

The deltoid muscle margins were defined, with
regards to the origin in the lateral third of the
clavicle, acromion and scapula spine. The muscle
was sectioned from the scapula spine and the
acromion by using a scalpel, leaving it attached
only in the clavicle. Then, the deltoid muscle was
removed towards the anterior plane; the margins
of the quadrangular and triangular spaces were
defined and the neurovascular structures were
exposed and dissected. All structures were
prepared with no magnifying glasses and, when

necessary, a 10-times magnifying glass was
used. Once dissected, the pieces were washed
in water for 24 hours in order to remove excess
formaldehyde and facilitate the appreciation of the
material, which was stored in water containers.

Morphological characteristics of the proximal
and distal fixations, shape and topographic
relationships of the deltoid muscle were
described, as well as origin, path and distribution
of neurovascular structures within the muscle.

Morphometricanalysiswasquantified according
to the parameters described in Table 1. The
reference points for the parameter measurements
of the upper limb length (ULL - sum of arm length-
AL and forearm length-FL), muscle length (ML),
belly width (BW) and the distance between the
neurovascular bundle and the intramuscular
injection point (NBII) were marked with the aid
of string and pins (Fig. 1A-F, H). Belly thickness
(BT) was measured by using the pin, which was
inserted deeply until reaching the humerus bone
(Fig. 1G), and then, using a pen, a mark was made
on it. After each measurement carried out with
the string, it was placed on a flat surface, together
with the pins, and thus the distance between the
points was calculated using the caliper (Fig. 1I).
For the BT parameter, the pin was positioned on
a flat surface and the measurement was obtained
with the caliper (Fig. 1J).

Table 1. Morphometric parameters obtained from the upper limb and deltoid muscle with description of the reference points for

measurements.

Parameters

ULL — upper limb length

(AL + FL) (Fig. 18)

Reference points for measurements

AL — arm length: distance between the acromion and the olecranon (Fig. 1A)
FL — forearm length: distance between the olecranon and the styloid process of the ulna

AML - anterior margin length: distance between the clavicle and the deltoid tuberosity (Fig.

10)

ML - muscle length ity (Fig. 1D)

LML - lateral margin length: distance between the acromion angle and the deltoid tuberos-

PML - posterior margin length: distance between the scapular spine and the deltoid tuber-

osity (Fig. 1E)

BW - belly width ment (Fig, 1F)

Distance between the anterior and posterior margins, at the midpoint of the LML measure-

ABT- anterior belly thickness: distance between the surface and the bone, at the midpoint
between the AML and LML measurements (Fig. 1G)

BT - belly thickness

LBT- lateral belly thickness: distance between the surface and the bone, at the midpoint of
the LML measurement (Fig. 1G)

PBT- posterior belly thickness: distance between the surface and the bone, at the midpoint
between the PML and LML measurements (Fig. 1G)

NBII - neurovascular bundle
and intramuscular injection

Distance between the neurovascular bundle and the intramuscular injection point (Fig. 1H)



In order to locate the neurovascular bundle
(NB), the deltoid posterior belly was removed and
the axillary nerve, together with the posterior
circumflex humeral artery and vein, were
dissected (Fig. 2A). The NB reference point was
obtained by crossing the needle with the aid of a
syringe from the surface of the deltoid posterior
belly to the point of contact with the NB (Fig. 2B).

The reference point of the intramuscular
injection was located using the string, which was
placed at a distance of three fingers below the
lower margin of the acromion angle, forming the
base of a triangle, whose apex was located at a

distance of one finger above the deltoid tuberosity;
the needle with the syringe was inserted in the
center of this triangle. Thereafter, the distance
between the NBII was measured (Fig. 1H).

Data analysis

All data were analyzed by means of descriptive
andanalytical statistics, using the Graph Pad Prism
6 program (San Diego, USA). In the descriptive
phase, the mean, standard deviation, median
and amplitude (minimum and maximum) of each
parameter were analyzed; simple percentages
were calculated and compared between the

Fig. 1.- Upperlimb and shoulder region showing the deltoid muscle parts (anterior part — DTA, lateral part — DTL, posterior part - DTP) and the reference
points for the measurements of the analyzed parameters. A. arm length (AL), B. forearm length (FL), C. anterior margin length (AML), D. lateral margin
length (LML), E. posterior margin length (PML), F. belly width (BW), G. anterior belly thickness (ABT), lateral belly thickness (LBT), posterior belly
thickness (PBT), H. application area of the intramuscular injection and distance between the neurovascular bundle and the intramuscular injection
point (NBII), I Caliper and string, J. Caliper and pins. ac: acromion, cl: clavicle, ss: scapula spine, nb: neurovascular bundle, ii: intramuscular injection,
am: anterior margin, pm: posterior margin, ol: olecranon, spu: styloid process of the ulna, dt: deltoid tuberosity. Scale bar: A-H: 3 cm. I-J: 1 cm.
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means. In the analytical phase, the mean values of
muscle length and belly thickness were compared
between the anterior, lateral and posterior
parts using paired non-parametric tests as the
Friedman test and Dunn’s multiple comparison
post-test. The mean values of all parameters
were compared between antimeres (right and
left) using Student ¢ or Mann-Whitney test,
when appropriate. Correlations were performed
between the parameters of length, thickness and
width of muscle bellies or margins, using the
Pearson or Spearman correlation coefficient test,
when appropriated. Differences were considered
statistically significant when p < 0.05.

RESULTS

Regarding the morphological characteristics,
in 100% of the dissected upper limbs the deltoid
muscle showed bulky with coarse texture and
surrounded glenohumeral articulation on all sides
except inferomedially, lending the shoulder its
rounded profile (Fig. 3A-C). The muscle presented
three distinct parts (bellies) with a multipennate
aspect, named according to the place of origin
of the muscle fibers: (1) anterior or clavicular:
anterior border and superior surface of the lateral
third of the clavicle (Fig. 3A); (2) lateral or acromial:

lateral margin and superior surface of the
acromion (Fig. 3B); (3) posterior or scapular: lower
edge of the crest of the scapular spine (Fig. 3C). All
three parts converged inferiorly to a short tendon,
which was attached to the deltoid tuberosity on
the lateral aspect of the humerus. The clavicular
and scapular parts showed two intramuscular
septa, while the acromial part, larger than the first,
showed four intramuscular septa that descended
from the acromion to interdigitate with three septa
ascending from the deltoid tuberosity (Fig. 3A-C).
In all the pieces analyzed, the deltoid muscle was
supplied by acromial and deltoid branches of the
thoracoacromial artery, the anterior and posterior
circumflex humeral arteries, subscapular artery
and the deltoid branch of the profunda brachii
artery; its innervation occurred through the
axillary nerve (Fig. 3D).

Table 2 shows the morphometric analysis with
descriptive statistics showing the values of mean,
standard deviation, median and amplitude of the
analyzed parameters obtained from the upper
limb and the deltoid muscle. Regarding the length
of the anterior, lateral and posterior margins, it
was observed that the mean values of PML (20.14
+2.08cm), AML (18.69 +1.84 cm) and LML (16.71
+ 1.21 cm) corresponded to 34.38%, 31.91%

Fig. 2.- Posterior view of the upper limb and shoulder region. A. Posterior belly of the folded deltoid muscle (DTP) showing the neurovascular bundle
(NB), B. Needle through the posterior belly of the deltoid muscle. Scale bar: 3 cm.



and 28.52% of the ULL value (58.57 + 2.32 cm),
respectively. Considering the thickness of the
anterior, lateral and posterior bellies, the mean
values of PBT (2.03 + 0.53 cm), LBT (1.75 = 0.41
cm)and ABT (1.62 +0.59 cm) represented 15.77%,
13.59% and 12.58% of the BW (12.87 + 1.97 cm),
respectively. The distance from the neurovascular
bundle to the intramuscular injection point (NBII)
showed a mean value of 2.85 + 1.16 cm, ranging
between 0.63 and 5.11 cm (Table 2).

Figure 4 shows the analytical statistics with
comparison of the mean values of the length
and thickness morphometric parameters of the
deltoid muscle. The mean value of LML (16.71 cm
+ 1.21 cm) was significantly lower compared to
that of AML (18.69 cm * 1.84 cm, p < 0.01) and
PML (20.14 cm + 2.08 cm, p < 0.001), with no
significant difference between the AML and PML

values (Fig. 4A). On the other hand, the mean
value of ABT (1.62 cm * 0.59 cm) was statistically
lower than PBT (2.03 cm + 0.53 cm, p < 0.001) and
similar to LBT (1.75 cm * 0.41 cm) values, with
no significant differences between LBT and PBT
values (Fig. 4B).

Comparison of the mean values of all
morphometric parameters obtained from the upper
limb and the deltoid muscle between the right
and left antimeres is shown in Fig. 5. Statistically
significant difference was observed only between
the mean value of the right and left ABT (p = 0.0433)
(Fig. 5C). For the other parameters, there were no

significant differences (p > 0.05).

Correlations between the selected parameters
are shown in Table 3. A positive correlation was
found only between the parameters ULL and LML
(r: 0.4661, p = 0.0288), BW and ABT (r: 0.3973,

Table 2. Descriptive statistics showing the mean, standard deviation (SD), median and amplitude (minimum and maximum) of
the morphometric parameters obtained from the upper limb and the deltoid muscle.

Parameters Mean * SD Median
ULL 58.57 £2.32 58.74
AML 18.69 £1.84 18.58
LML 16.71£1.21 16.64
PML 20.14 +£2.08 19.89
BW 12.87 £1.97 12.79
ABT 1.62+0.59 1.89
LBT 1.75+0.41 1.79
PBT 2.03+£0.53 1.47
NBII 2.85+1.16 2.67

Minimum Maximum
53.82 64.14
14.69 22.05
13.45 19.23
16.91 24.38

8.29 18.39
1.05 3.34

0.84 291

0.79 3.22

0.63 5.11

ULL: upper limb length, AML: anterior margin length, LML: lateral margin length, PML: posterior margin length, BW: belly width,
ABT: anterior belly thickness, LBT: lateral belly thickness, PBT: posterior belly thickness, NBII: distance from the neurovascular
bundle to the intramuscular injection point. Values expressed in centimeters (cm).

Table 3. Correlation between the morphometric parameters obtained from the upper limb and the deltoid muscle.

Parameters r value p value
ULL x AML 0.3192 0.1476
ULL x LML 0.4661 0.0288*
ULL x PML -0.0045 0.9841
BW x AML -0.1430 0.5109
BW x LML 0.1565 0.5879
BW x PML -0.4867 0.8667
BW x ABT 0.3973 0.0328*
BW x LBT 0.2656 0.1637
BW x PBT 0.2073 0.2805

Parameters r value p value
LML x LBT 0.0711 0.7088
NBII x ULL 0.1383 0.5194
NBII x AML 0.0594 0.8206
NBII x ABT 0.5275 0.0081*
NBII x LML -0.1849 0.3871
NBII x LBT -0.0451 0.8339
NBII x PML 0.2479 0.2429
NBII x PBT 0.1338 0.5330
NBII x BW 0.3713 0.0741

ULL: upper limb length, AML: anterior margin length, LML: lateral margin length, PML: posterior margin length, BW: belly width,
ABT: anterior belly thickness, LBT: lateral belly thickness, PBT: posterior belly thickness, NBII: distance from the neurovascular
bundle to the intramuscular injection point. r: Pearson or Spearman correlation test. * p < 0.05.
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p = 0.0328) and NBII and ABT (r: 0.5275, p =
0.0081) (Fig. 6). All other parameters showed no
significant correlation (p > 0.05).

DISCUSSION

In this study, the morphology and morphometry
of the deltoid region of human cadavers, as well
as the path and distribution of its neurovascular
structures were described and analyzed. In
addition, this is a pioneer study for measuring
the distance from the neurovascular bundle to
the intramuscular injection point. Therefore,
this research demonstrates relevant information
regarding the anatomical and morphometric
dimensions of the deltoid muscle in order to

facilitate the revision of the intramuscular
injection technique, resulting in greater success
and less adversity.

The present work showed a bulky deltoid
muscle, with a coarse texture, covering the dorsal,
ventral and lateral parts of the shoulder joint and
presenting three distinct bellies (anterior, lateral
and posterior) with multipennate aspect. Moore
et al. (2019) support these results, but describe
the anterior and posterior parts as semipennate,
and the lateral part as multipennate. The distal
fixation of the deltoid muscle at deltoid tuberosity
as observed in the present study is in agreement
with that found by Moore et al. (2019) and
Standring (2015).

Fig. 3.- Left upper limb showing the deltoid muscle. A. Anterior view, B. Lateral view, C. Posterior view, D. Posterior view - folded deltoid muscle. DTA:
Anterior or clavicular part, DTL: Lateral or acromial part, DTP: Posterior or spinal part, NB: Neurovascular bundle. Scale bar: 3 cm.
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Regarding the irrigation and innervation of the
deltoid muscle, the same pattern as described by
Standring (2015) was found, with participation
of the acromial and deltoid branches of the
thoracoacromial artery, the anterior and posterior
circumflex humeral arteries, the subscapular
artery and the deltoid branch of the profunda
brachii artery, and the axillary nerve. However,
other authors have proposed the irrigation only
through the deltoid branch of the thoracoacromial
artery and the posterior circumflex humeral
artery (Moore et al., 2019).

Although variations and anomalies of the
deltoid muscle are not common, Kayikcioglu et al.
(1993) reported a bilateral separation of posterior
fibers by a fascia that has not been previously
described. The continuation of the deltoid muscle
fibers in the trapezius muscle, the fusion with
the pectoralis major muscle and the presence
of additional slips in the vertebral margin of the
scapula, infraspinatus fascia and the axillary
margin of the scapula are the commonly reported
variations of the deltoid muscle (Standring, 2015).
In the present study, there was no variation in the
deltoid muscle in relation to its morphology.

The morphometric description of the deltoid
region has seldom been investigated. In this
research, the descriptive analysis showed that
the posterior margin length of the deltoid muscle
represented the majority of the upper limb length
and the smallest portion was attributed to the
lateral margin length, while the anterior one
showed an intermediate value. These dimensions
can be explained anatomically by the points of
proximal fixation of the deltoid muscle, that is, in
the anterior margin and superior surface of the

lateral third of the clavicle (AML), lateral margin
and adjacent superior surface of the acromion
(LML) and lower edge of the scapular spine crest
(PML), as described elsewhere (Moore et al., 2019;
Standring, 2015; Gardner et al., 1988).

Considering the mean values of deltoid belly
thickness, it was found that the posterior one
represented the most part of the belly width,
suggesting that this analysisisrelated to the action
of the deltoid muscle and the specific functions
of the clavicular (anterior), acromial (lateral) and
scapular (posterior) fibers. According to Standring
(2015), the posterior fibers act with the latissimus
dorsi and teres major muscles when pulling the
arm back and turning it laterally, which seem
to be intense and more frequent movements, in
comparison to the anterior fibers that assist the
pectoralis major muscle to pull the arm forward
and rotate it medially, while the acromial fibers,
aided by the supraspinatus muscle, abduct the
arm until the joint capsule is tensioned.

The mean value (2.85 cm) of the distance from
the neurovascular bundle to the intramuscular
injection point (NBII) towards the posterior part,
and often in the posterolateral part of the deltoid
muscle, indicates that the neurovascular bundle
is located within the region of application of the
intramuscular injection. According to Kozier et
al. (1993) and Rodger and King (2000), this region
represents an imaginary triangle, whose base is
an imaginary horizontal line of two to three finger
widths, 2 to 5 cm below the lower margin of the
acromial process, and the apex is formed inverted
at the midpoint of the arm lateral face in line with
the axilla.

Fig. 6.- Dispersion curve and correlation between the morphometric parameters obtained from the upper limb and the deltoid muscle. ULL:
upper limb length, LML: lateral margin length, BW: belly width, ABT: anterior belly thickness, NBII: distance from the neurovascular bundle to the

intramuscular injection point. (Pearson or Spearman correlation test).



Next, the morphometric parameters of the
muscle length and belly thickness regarding
the anterior, lateral and posterior parts of the
muscle deltoid were compared. The significantly
lower mean value of the lateral margin length
compared to anterior and posterior ones can be
explained by anatomical muscle format, which is
a curved triangle in shape of the Greek letter delta
(Testut and Latarjet, 1979; Standring, 2015) with
the shortest length between the proximal and
distal fixation located laterally, and the longest
lengths in the anterior and posterior parts of
the muscle. On the other hand, the mean value
found for the anterior belly thickness, which was
significantly lower than posterior one, suggests
that the anterior part of the deltoid muscle is
less functionally required compared to the
posterior one, while the lateral part acts equal
to the anterior and posterior ones. This analysis
implies that the ideal place for the application of
intramuscular injection should be the posterior
part, as it presents greater thickness; however, the
neurovascular bundle was found in this region.
Therefore, it is not recommended to consider only
the muscle thickness parameter to choose the
best site for the intramuscular injection.

When comparing the mean values of all
analyzed parameters between the right and left
antimeres, the significant difference found only
for the anterior belly thickness, with a higher
value on the right antimere, can be explained by
the fact that a large part of the world population is
right-handed and, therefore, making more use of
the right upper limb for routine tasks. Thus, it can
be inferred that when intramuscular injections
are administered in the anterior belly of the
deltoid muscle, the most appropriate side would
be on the right antimere, as it is thicker, while for
injection in the other muscle bellies, there is no
preference on the side.

In this research, possible correlations between
some parameters were also examined. The
positive correlation found between upper limb
length and deltoid lateral margin length can
be due to the fact that these measures are on
the same axis, namely, longitudinal axis. Other
positive correlations verified between the anterior
belly thickness vs the belly width or the distance

from neurovascular bundle and intramuscular
injection point indicate that the anterior part of
the deltoid muscle could be chosen as a possible
site for injection administration, despite its
smaller thickness.

Taken together, the results of the present study
provide an anatomical basis to confirm that, in
100% of the analyzed pieces, the neurovascular
bundle is included in the recommended area for
intramuscular injection in the deltoid region as
previously reported (Kozier et al., 1993; Rodger
and King, 2000). McGarvey and Hooper (2005)
proposed that the injection site be into the center
of this area; however, this region would not be the
most suitable for such procedure, as it presents
an imminent risk of injury to neurovascular
structures.

Other studies have also shown that the deltoid
region may not be ideal for administering
intramuscular injection. During the practice
of professionals from the nursing team of a
Teaching Hospital at surgical and gynecological
units, where the deltoid region is one of the most
chosen regions, it was observed that 78.12% of
professionals delimited it incorrectly (Godoy et
al., 2003). The authors state that the possibility
of improper puncture of a vessel is great in this
region, due to the presence of circumflex vessels
that can be reached in the case of the incorrect
location of the application site. Also, another study
identified a variation in the anatomical location of
the axillary nerve in the deltoid region (Meirelles
and Filho, 2004). Considering the potential of the
sequel caused by the neural injury, the authors
indicate that the intramuscular injection in the
deltoid muscle should not be the site of first choice.
In addition, the risk of complications with the use
of this route is much greater when compared to
others, such as the superolateral quadrant of the
gluteal region or the lateral face of the quadriceps
muscle (Meirelles and Filho, 2004).

Finally, even though the action of drugs on the
deltoid muscle was not herein verified, studies
have shown that during intramuscular injection
procedures, inflammatory lesions of the local
soft tissues derive from the caustic action of the
product, its concentration, volume and, more rarely,
from the mechanical action of the needle, although

Bruna Garbin de Souza et al

321



Deltoid region and intramuscular injection

322

the aggression to nerve endings has a similar
origin. The oily drug, when penetrating the artery,
generates emboli and occludes the lumen; thus, the
medication in an aqueous vehicle, when gaining
the lumen from the arterial and/or venous vessel,
injures the endothelium and causes secondary
thrombosis. Lesions of somatic and/or peri-vessels
nerve endings trigger vasomotor sympathetic
reflexes with vascular constriction and worsening
of ischemia and/or infarction of tissues irrigated by
these vessels (Duque and Chagas, 2009).

Limitations

This study was performed on formalin-fixed
cadaveric upper limbs and, therefore, the effect
of formalin on skin cannot be ruled out; thus,
thickness of the subcutaneous tissue could not
be measured and this may have influenced the
morphometric parameters.

Furthermore, the body weights and sexes
of most cadavers were unknown, making it
impossible to estimate the fat layer in them,
leading to generalized results.

CONCLUSIONS

The deltoid muscle consists of three parts
(anterior, lateral and posterior); the anterior part
has the smallest thickness and the lateral part,
the smallest length. There is no morphometric
difference between the antimeres, except for the
thickness of the anterior belly with the highest
value on the right side. The neurovascular bundle
is located in the posterior and posterolateral part
of the muscle and, therefore, within the area of
intramuscular injection. Thus, considering the
morphology and morphometric measurements
of the deltoid muscle, the most anterior part
of the lateral belly and the whole anterior belly
seem to be more favorable sites for administering
intramuscular injections.
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