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SUMMARY: Anatomical variations of the scalene muscles are frequent, as are those of the brachial plexus and its terminal
nerves. Nonetheless, these variations are reported separately in the literature. The aim of this work is to presentod sealatien
muscles, concomitant with an abnormal path of the musculocutaneous nerve. During a routine dissection of the cervicdllaegion, a
and right anterior brachial region in an adult male cadaver, a supernumerary muscle fascicle was located in the antensstalen
altering the anatomical relations of C5 and C6 ventral branches of the brachial plexus. This variation was related tmas patmal
the musculocutaneous nerve that did not cross the coracobrachialis muscle. It passed through the brachial canal aloreglisith the
nerve. It then sent off muscular branches to the anterior brachial region and likewise, communicating branches to thevmettian ne
concomitant variations of the brachial plexus and scalene muscles they are not described frequently. Knowledge of thiese variati
improves diagnosis, enhancing therapeutic and surgical approaches by reducing the possibility of iatrogenesis duriagitiaryical,
and brachial region interventions.
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INTRODUCTION

Scalene muscleslhe scalene muscles are part of a group ahove ventrally to the anterior scalene muscle, the phrenic
prevertebral muscles of the neck. As a result of their deaprve and the subclavian vein (Standring, 2016).

position, they are covered by the prevertebral layer of deep

cervical fascia (Rouviere & Delmas, 2005). These muscles Variations of this muscle structure include insertion
are inserted superiorly in the transverse processes of the gaint changes, the presence of supernumerary fascicles and
vical vertebrae and inferiorly in the first two ribs. The antealteration of anatomical relations. In reference to
rior scalene muscle extends from the anterior tubercles of thepernumerary fascicles, scalenus minimus is located
transverse processes from C3 to C6 to the tubercle of the Between the antexi and middle scalene muscles. It extends
terior scalene muscle of the first rib; the middle scalene musétem the anterior margin of C6 and C7 transverse processes
arises from the posterior or anterior tubercles of the transveteethe first rib and supra-pleural membrane (Tuebsl,
processes from C2 to C7, to the first rib behind the subclavia16); this muscle variation is recognized as an official term
artery groove. The posterior scalene muscle extends from the the International Anatomical Terminology (Federative
posterior tubercles of the transverse processes from C4 tol@&rnational Programe for Anatomical Terminology, 2019).

to the second rib, posterior to the tuberosity for the anterior

serratus muscle. The scalene muscles’ main anatomical  The "posterior accessory scalene" muscle that extends
relation is with the roots that form the brachial plexus roofsom the posterior tubercles of the C4 and C6 transverse
and the subclavian artery. These structures course betwgencesses to the first rib. Although located behind the poste-
the anterior and middle scalene muscles. Additionally, thér scalene muscle, it is separated by the ventral branches
suprascapular, transverse neck and ascending cervical artdfies form the brachial plexus. (Testut, 1884).
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Regarding variations within the anatomical relations, Dissection of the right cervical region was performed
Tubbset al, indicate that the anterior scalene muscle mayy initially removing the skin, platysma and cervical fasciae.
be found posterior to the subclavian artery, be entirely abseDtjring dissection of the root of the neck, the presence of a
inserted into the third rib, or be intersected by C4 or C&upernumerary muscular fascicle was detected between the
nerve roots. anterior and middle scalene muscles. This modified the

situation and typical anatomical relation of the brachial
Musculocutaneous nerveThe musculocutaneous nerve isplexus, altering the organization of its trunks.
a terminal nerve of the brachial plexus lateral fascicle
consisting of nerve fibers of C5 and C6 medullary segments In order to identify variations in the distribution of
(Rouviére & Delmas). Typically, it originates in the axillarythe brachial plexus, the axillary dissection was performed
fossa behind the pectoral minor muscle and laterally to thg removing the major and minor pectoral muscles. This
median nerve. Inferiorly and laterally it crosses towards tiveas carried out in the same manner in the right anterior
anterior brachial region, in its path perforates thbrachial region. Initially the skin was lifted through an ex-
coracobrachialis muscle; distally and laterally it crosses tiended incision between the base of the axilla and the upper
arm between the brachial and brachial biceps muscles. thigd of the forearm; cutaneous tissue was then removed
trajectory finalizes between the supinator muscle and thagerally, leaving the deep fascia intact. During dissection of
tendon of the brachial biceps muscle. the brachial plexus fascicles, an abnormal situation was

found with respect to origin and path of the

During its course it gives off branches to thenusculocutaneous nerve. On further investigation a proximal
coracobrachialis muscles, the brachial biceps, brachial, tasdistal nerve was monitored, which originated in the
well as an articular elbow branch. It finalizes its course dsaquial plexus and extended to the elbow fossa.
the lateral cutaneous nerve of the forearm. It can also give
off communicating branches for the median, ulnar, radial It was therefore possible to identify the insertion
and cutaneous brachial medial nerves (Rouviére & Delmamints of the supernumerary muscular fascicle, relating to
Standring). The musculocutaneous nerve can vary its courdee above, the alterations generated by this fascicle, as well
at times presenting behind the coracobrachialis muscle, mag/the variation of the musculocutaneous nerve path and its
attach to the median nerve, and could also pass behind bhanching pattern.
biceps brachialis muscle. It has been completely absent (Song
et al, 2003), unilaterally or bilaterally; the latter is considered
a rare variation (Kauet al, 2014). RESULTS

This paper presents a positional anomaly between
C5 and C6 ventral branches and anterior scalene musesitional anomaly between C5-C6 ventral branches and
with a variation of the musculocutaneous nerve path. Tlaaterior scalene muscleln the right cervical region, a
objective of this work is to describe this finding and discussupernumerary muscular fascicle with an oblique
possible causes as well as clinical implications. arrangement was located between the anterior and middle
scalene muscles. The upper tendon inserted in the anterior
tubercle of the transverse C4 process, in front of the middle
MATERIAL AND METHOD scalene muscle. Its lower extreme inserted in the first rib,
forming a common tendon with the anterior scalene muscle.
Supernumerary muscular fascicle diameters were as follows:
A muscular variation found during a routine dissectioh.ongitudinal diameter 82 mm, transverse diameter 4 mm,
of the neck and upper right limb is described in a 90-year-o#thd anteroposterior 3 mm.
male. The cadaver was fixed in 10 % buffered formaldehyde
and placed in cold storage at 4 °C. There was no evidence of ~ From upper to lower supernumerary muscle fascicle
previous surgical interventions in the study area, and causedloé following anatomical relations were observed: The
death was recorded as a myocardial infarction. anatomical structures located anterior were the ascending
cervical artery, C5 and C6 ventral branches, and anterior
The body was that of an individual who expresslgcalene muscle. Structures found posteriorly along with the
stated the will of the donation through a document approvetddle scalene muscle, the C7, C8 and T1 ventral branches;
by the CEC MED-UC SCIENTIFIC ETHICAL the suprascapular artery (which crossed the muscular belly
COMMITTEE (project 190115002 approved favorably orof the middle scalene) and the subclavian artery. On the la-
03/07/2019). teral side with the transverse artery of the neck; it was in
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close contact medially with the vein and vertebral artery. Union of the anterior divisions of upper and middle
From its deep surface, this muscle belly received a nertrenks conformed the lateral fascicle of the brachial plexus.
from C7 ventral branch and vascular branches of thellowing measurement, longitudinal diameter of 4 mm and
transverse cervical and ascending cervical vessels, from théransverse diameter of 8 mm were found. This fascicle
superficial surface (Fig. 1). ended at the level of the second segment of the axillary artery
by dividing into the musculocutaneous nerve and lateral root
The anterior scalene muscle had cranial insertion of the median nerve. The latter measured showed a
the anterior tubercles of C5 and C6 transverse processesldtgyitudinal diameter of 51 mm and a transverse diameter
longitudinal diameter was 72 mm, the transverse 11 mm aafl0.5 mm.
the anteroposterior 5 mm (Fig. 1).
The musculocutaneous nerve continued the path of
Anomalous path of the musculocutaneous nervén the the lateral fascicle. It followed the second segment of the
right axillary fossa the anomalous path of theaxillary artery laterally, giving origin at this point, to a branch
musculocutaneous nerve was noted. It did not cross tfag the coracobrachialis muscle. Upon reaching the upper
coracobrachialis muscle, and did not entry in the anterior atimrd of the arm, it crossed before the brachial vein, entered
region. Variations in its anatomical relations and in muscia the braquial duct, lateral to the median nerve and anterior
innervation of the anteridsrachial region were observed. to the brachial artery (Fig. 2). In the brachial duct,
musculocutaneous and median nerves were joined by a dense
fascia, giving the impression of forming a single nerve, which
when removed allowed confirmation that these were
independent nerves. During its brachial path, the
musculocutaneous nerve gave origin to muscular nerves for
the anterior region of the arm and communicating branches
for the median nerve, a total of 6 nerves are described below,
from proximal to distal (Fig. 3).

1. Branch for the coracobrachialis muscle: Originated inside
the axilla, at the level of the second part of the axillary
artery, from the lateral aspect of the musculocutaneous
nerve 11 mm from the origin of said nerve. It entered the
coracobrachialis muscle through the medial aspect of the
muscular abdomen, its longitudinal diameter was 56 mm
and its transverse diameter was 1 mm.

2.Upper communicating branch for the median nerve:
Originated from the medial aspect of the
musculocutaneous nerve, within the brachial duct in the
upper third of the arm, 84 mm from the origin of the
musculocutaneous nerve. It was attached to the median
nerve, anterior to the brachial vessels, its longitudinal
diameter was 57 mm and its transverse diameter was 1
mm. This branch received a communicating branch from
the median nerve.

3. Branch for the biceps brachial muscle: Originated from
the lateral aspect of the musculocutaneous nerve in the

_ upper third of the arm, 118 mm from the origin of the

Fig. 1 . tion of the riaht cervical reai ’ 1 M Ant - lene: musculocutaneous nerve. It presented anterior to the
19. 2. Jissection ofthe righ' cervicar region. . W ANTerior SCAIen€, o chial artery and entered the anterior brachial region

2. A. Transverse of the neck; 3. Supernumerary muscle fascicle; 4 . . .

M. Middle scalene; 5. Ventral branch C5; 6. Ventral branch C6; 7. b?tween the brachial and brachial b'_ceps muscles, along

Upper trunk; 8. Middle trunk; 9. Lower trunk; 10. Ventral branch cg; With muscular branches of the brachial vessels.

11. Ventral branch T1; 12. A. Suprascapular; 13. A. Subclavia; 14.
Thyrocervical trunk; 15. A. Ascending Cervical; 16. N. Suprascapular. Interiorly, the branch for the biceps brachial divided
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into two branches for this muscle. One lateral for the longbifurcating into two branches prior to accessing this

head and another medial for the short head, which piercedompartment. One superior and one inferior branch

their respective muscle bellies by their deep facet; penetrated the superficial facet of the muscular abdomen

longitudinal diameter of this nerve was 62 mm and its along with muscular branches of the brachial arteries. Its

transverse diameter 2 mm. longitudinal diameter measure from the bifurcation origin,

was 62 mm and its transverse diameter 2 mm. The upper

4. Branch for the brachial muscle: Originated in the middle branch measured a longitudinal diameter of 1 mm from

third of the arm, from the lateral aspect of the bifurcation; lower branch measured 55 mm longitudinal

musculocutaneous nerve 134 mm from its origin. It entereddiameter and 1mm transverse diameter.

the brachial region through the lower third of the arm

between the brachial and brachial biceps muscles, Lower communicating branch for the median nerve:
Originated in the middle third of the arm, from the medial
aspect of the musculocutaneous nerve, 167 mm from its

g

Fig. 3. Dissection of the right anterior brachial region. 1.
Musculocutaneous nerve; 2. Branch for the coracobrachialis
muscle; 3. Union of the two roots of the median nerve; 4. Median
nerve previous to communicating branches; 5. Upper

' communicating branch for the median nerve; 6. Communicating
Fig. 2. Axilla and rlght anterior brachlal region dissection 1. Latedranch from the median nerve to the superior communicating
ral fascicle; 2. A. Axillary; 3. Branch for the coracobrachial muscldyranch for the median nerve; 7. Median nerve post communicating
4. V. Axillary; 5. Musculocutaneous nerve; 6. Median nerve; tranches; 8. Branch for the biceps brachial muscle; 9. Branch for
Branch for the biceps brachial muscle; 8. Lateral antebrachithle brachial muscle; 10. Lateral antebrachial cutaneous nerve; 11.
cutaneous nerve; 9. Branch for the brachial muscle. Lower communicating branch for the median nerve.
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origin. It is directed inferiorly and medially towards theminimum scalene muscle; this muscle has an upper insertion,
median nerve to join it, prior to entering the elbow fossaypically in anterior tubercles of C6 and C7 transverse
its longitudinal diameter was 96 mm and its transverggocesses, and inferiorly in the first rib’s inner margin. It
diameter 0.5 mm. extends to the cervical pleura (Testut; Standring; Tebbs
al.), which has no relation to the insertions of the
6. Lateral antebrachial cutaneous nerve: Corresponds to Supernumerary fascicle found.
continuation of the musculocutaneous nerve after giving
rise to the inferior communicating branch for the median Sakamoto described a variant of the middle scalene
nerve. It crosseche lower third of the previous brachial muscle, in which the muscle separates into two muscular
region between the biceps brachial and brachial musclégllies, one dorsal and another ventral. They are separated
emerging in the cubital fossa through the lateral bicipitddy a common root of the dorsal nerve of the scapula and
groove, crossed the deep fascia and was located quite ddepg thoracic nerve. However in that analysis the ventral
in relation to the cephalic vein. Subcutaneous path continubtanches of the brachial plexus maintained their usual
through the forearm, with 142mm longitudinal diameter anishterscalene position.
1mm transverse diameter measured from its origin.
Regarding the anterior scalene muscle, its absence is
rare. However it can be found double or with independent
DISCUSSION origins (Tubbst al). Muscular fascicles that form the above
are basically different, and as many as 2, 3 or 4 fascicles
may be found in this muscle (Testut), which can directly
The anatomical variations between the scaleradter their anatomical relations.
muscles and the brachial plexus’ origin is the interaction of
these structures during embryonic development. The anterior scalene muscle of this dissection
maintained its upper insertions in the anterior tubercles of
The unique blastema from which the scalene muscl€5 and C6 transverse processes; no insertion was noted in
derive is crossed by the developing vessels and nerve8 and C4 according to previous descriptions (Testut;
intended for the upper limb. These neck structures ha®ouviere & Delmas; Standring). Nonetheless,
correlation in the thorax, the anterior scalene is comparaldapernumerary fascicle inserted superiorly in the anterior
to the external intercostal muscle, the middle and posteribercle of C4 transverse process and adjacent to the ante-
scalenes to the internal and intimate intercostals respectivelgr scalene shared a lower tendon that was inserted into the
The subclavian vessels and nerves of the brachial plexustabercle for the anterior scalene muscle of the first rib.
the other hand, correspond to the intercostal vessels and neA@ditionally, supernumerary fascicle transverse diameter,
that cross the lateral wall of the thorax (Orts Llorca, 1970)was equivalent to one third of the anterior scalene muscle,
and was separated by C5 and C6 ventral branches.
The upper limb develops from mesenchymal tissue
during the fourth week of fetal development (Radunetic Uemuraet al. (2007) reported one case where
al., 2019). Brachial plexus begins its formation on day 33 dilaterally the subclavian artery was located anteriorly with
development (Mooret al, 2016), and muscle mass of therespect to the anterior scalene muscle, and as in our case,
scalenes approximately on day 50 (Som & Laitman, 201these muscles presented inserts in C5 and C6 transverse
This muscle mass is initially unigue and subsequentjyrocesses but notin C3 and C4. On the other hand Leonhard
traversed by the brachial plexus and subclavian arteeyal (2016) described that in a sample of 65 bodies 47.7 %
(Milliez & Sakka, 1993). The interaction of this muscle masgresented variations with respect to the normal pattern of
with the nervous primordium (Radunotal, 2013) and the interscalenic situation of the brachial plexus. These were
blood vessels is decisive in establishing their anatomicelassified into 4 categories:
relations and generating anatomical variations in the neck
and upper limb. 1. Single perforation, when the upper trunk of the brachial
plexus passes through the anterior scalene muscle (38.5 %).
Anterior scalene muscle division. In reference to th2. Multiple perforations, when the perforation of this muscle
different variations described in the scalene muscles, ttsadone by the upper and middle trunks (3.1 %). 3. Perforation
minimum scalene muscle is unilaterally more frequent, 3% C5, when the ventral branch of C5 crosses the anterior
%, Harryet al (1997) and 19.2 % Sakamoto (2012)scalene muscle (3.1 %). 4. Anterior variant, when the upper
Nevertheless, we did not consider that the supernumeramynk (C5 and C6) transits the anterior surface of the ante-
fascicle found in the present work corresponded to réor scalene muscle (3.1 %).
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According to observations during this study, the Communicating branches originating from the
anomaly found corresponds to a variation of the upper mususculocutaneous nerve toward the median nerve vary in
cular fascicles of the anterior scalene, which in addition tumber, and their volume is inversely proportional to the
presenting a one less fascicle (corresponding to the ordume of median nerve lateral root. Therefore, these
inserted in C3) showed repositioning with respect to tlreemmunicating branches correspond to axons destined for
C5 and C6 ventral branches, interposing between the uptier median nerve, which accompany the musculocutaneous
trunk and the middle and lower trunks of the brachiaderve beyond the origin of the lateral root, to distally join
plexus. According to the classification of Leonhatal the median nerve (Rouviére & Delmas; Standring).
the variation described in this work would be equivalent
to a “single perforation”. However in our case there was a Different frequencies of these communications have
division of the muscular belly of the anterior scalenégeen reported in the literature, for example @tal., found
instead of perforation, caused by the course of C5 and G@@mmunicating branches in 21 % of cases, and Guerri-
ventral branches, during embryonic development (Fig. 1Guttenberg & Ingolotti (2009) in 43 %. Locating more than

one communicating branch is less frequent, with reports of
Anomalous path of the musculocutaneous nervdhe 2 % of the cases according to Cabal and 7.7 % according
musculocutaneous nerve shares a common embryologittalGuerri-Guttenberg & Ingolotti; these may be located at
origin with the median nerve. Both arise from the anterigoroximal and/or distal levels. The findings presented in this
divisions of the developing brachial plexus as it enters tipaper correspond to a triple communication, since two
upper limb, as noted in the diverse variations describedbnanches extended from the median musculocutaneous
the literature. During the 5th week of development theerve, and one extended from the median to the superior
outline of the upper limb is placed in front of spinatommunicating branch of the musculocutaneous nerve were
segments C5 to T1. Specifically, nerves are formed afalund (Fig. 3). This is similar to type 4 of the Le Minor
attach on days 32 and 33, thereby constituting the brachiéhssification (Le Minor, 1990), in which the
plexus (Radunoviet al, 2019). Axons are introduced intomusculocutaneous fibers join the lateral root of the median
the general outlines of the upper limb, and develop inteerve and, after a certain distance, the musculocutaneous
dorsal and ventral muscle masses, fusing with a specifierve arises from the median nerve. In our case, the first
pattern, where sensitive axons use motor axon guidancepression was that due to the fascial tissue that united both
Following array of the axons in the brachial plexus, theyerves (Fig. 2), however when removing the tissue, it was
continue their journey through the upper limb to theonfirmed that both nerves were independent and the case
destination region final site of innervation. Presumablygorresponded to a path of the musculocutaneous nerve
from signals produced by the muscle to be innervatélarough the brachial duct.
(Mooreet al).

According to Guerri-Guttenberg & Ingolotti

Regarding variations of the musculocutaneoudassification, our case can be described as musculocutaneous
nerve, Radunoviet al (2013) indicate that these reach amerve originating from the lateral fascicle of the brachial
average of 20 % among the different studies of this nery@exus. The musculocutaneous nerve does not perforate the
Complementing the above, Sirieb al. (2019) mention coracobrachial muscle and presents two or more
that when variations in the supraclavicular portion of theommunications, both at the proximal and distal level with
brachial plexus are observed, it is more likely to find the median nerve.
mixed variation that involves other variations along the
same brachial plexus. Clinical implications. According to the literature, variations

of the scalene muscles may include accessory fascicles,

Anatomical variations of the musculocutaneoumodification of muscle insertions and alteration of
nerve most frequently reported in the literature, correspoadatomical relations.
to the absence of this nerve, its duplicity, the presence of
branches communicating with the median nerve, or the Accessory fascicles between the anterior and middle
existence of a musculocutaneous nerve that does isoalene muscles are significant in light of their relation with
penetrate the coracobrachial muscle and instead, joins the brachial plexus, the subclavian artery and eventual
median nerve on its way through the brachial duct. Theeurovascular compression on these structures (Ebaty
latter according to Tublet al it is one of the most common Joneset al, 2019). Compression of these structures may
variations and its incidence has been reported by €hoioccur at the cervical level and cause neurological and/or
al. (2002) in 7.4 % of cases, by Chitra (2007) in 6 % andiscular symptoms toward the upper limb (J&tes). This
by Kervanciogluet al (2011) between 10-22 %. condition affects between 0.3 and 8 % of the North American
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population (Molina & D'Cuhna, 2008). 90 % of cases angsus nervios terminales. Sin embargo la literatura cientifica las
due to neurovascular causes and the onset of symptapigsenta por separado. El propdsito de este trabajo es presentar

usually occurs between 20 and 50 years of age; prevaIeHE’é variacion de los musculos escalenos concomitante con un tra-
is higher in women (Jone al) yecto andmalo del nervio musculocutaneo. Diseccion de rutina de

region cervical, axila y region braquial anterior derechas realizada
. en un cadaver adulto de sexo masculino. Se encontré un fasciculo
_In og_r opinion, absence of the mus?UI_OCUtaneoﬁuscular supernumerario para el masculo escaleno anterior que
nerve is critical and as relevant as path variations. In eagfkrapa las relaciones anatémicas de los ramos ventrales C5 y C6
case the dissector will come across such atypical situatioig plexo braquial. Esta variacién estaba acompafiada por un tra-
and will have to carefully scrutinize between tissues, to locagecto anémalo del nervio musculocutaneo, el cual no atravesaba
the origin and innervation pattern of the anterior brachial masculo coracobraquial y transitaba por el conducto braquial

region, thus avoiding unintended iatrogenesis and laceratigi#mpafiando al nervio mediano. Desde alli enviaba a la region
during dissection. braquial anterior ramos musculares y al nervio mediano ramos

comunicantes. Las variaciones conjuntas del plexo braquial y los

. S S . musculos escalenos no se presentan con frecuencia. Conocerlas
Regarding the nerve distribution.Considering the various _ _° : € prese P o
enriquece la capacidad diagnéstica, terapéutica y quirdrgica. Re-

type_s of anoma_lies, medical procedures may not alwaéfﬁciendo la posibilidad de iatrogenia al intervenir en las regiones
provide the desired results. Thus, thorough knowledge @fical, axilar y braquial.

the number of nerves in a muscular belly and their point of

entry, may very well improve the administration of therapies. PALABRAS CLAVE: MUsculo escaleno anterior; Ner-
For instance, in cases of trigger point dry needling, or duringp musculocutaneo; Variacién anatémica.

electric muscle stimulation, may achieve better response in

muscle fiber contraction.
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