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Abstract

The brachial plexus is an important nervous structure from which all major nerves to the upper limb arise. It typically origi-
nates from the anterior rami of the C5-T1 spinal nerves. As it passes laterally, the roots are successively organized into three
trunks, six divisions, and three cords. The BP is susceptible to injury during the perinatal and postnatal periods, as well as in
adulthood. Its structure can show considerable variation, and there is a wealth of literature describing its variations, provid-
ing indispensable information to neurosurgeons. Here, we report a novel unilateral variant of the brachial plexus found in an
adult Japanese male cadaver. In this case, the middle trunk arose from the C7 and C8 spinal nerves, and the inferior trunk
continued from the T1 alone. At the interscalene triangle, the subclavian artery was situated between the C8 and T1 nerves.
The posterior cord arose from the posterior divisions of the superior and middle trunks, while the root from the T1 nerve/
inferior trunk was absent. The anterior division of the middle trunk gave independent roots to the musculocutaneous and
median nerves, without completely establishing the lateral cord. A communicating branch arose from the musculocutane-
ous nerve to join the median nerve. Some branches from the roots and cords also deviated from typical configurations. This
case represents a rare combination of variations in the trunks, divisions, cords, and the median nerve and offers a valuable
addition to the literature regarding variations in the brachial plexus.
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Introduction

The brachial plexus (BP) is a complex somatic plexus com-
prising the origin of all major nerves innervating the upper
limb. It originates in the neck and progress distally to enter
the axilla with the roots, trunks, divisions, and cord regions
differentiating during progression. The roots normally com-
prise the anterior rami of the spinal nerves C5-T1 and the
three trunks originate from the five roots: the C5 and C6
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roots unite to create the superior trunk, C7 root continues
to create the middle trunk, and C8 and T1 roots combine
producing the inferior trunk. The trunks then divide into
anterior and posterior divisions, which are arranged as three
cords: the lateral cord originates from the anterior divisions
of the superior and middle trunks, medial cord is a continu-
ation of the anterior division of the inferior trunk, and the
origin of the posterior cord is the union of all three posterior
divisions. The musculocutaneous, median, axillary, radial,
and ulnar nerves represent the terminal nerves of the BP.
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«Fig. 1 a The variant brachial plexus at the right interscalene triangle.
The subclavian artery inserted between the C8 and T1 nerves. b The
roots, trunks, and cords of the variant brachial plexus. The middle
trunk originated from the C7 and C8 nerves. The T1 nerve did not
communicate with other spinal nerves nor send a root to the posterior
cord. ¢ The middle trunk divided into the anterior and posterior divi-
sions, and the posterior division (arrow) provided the root to the pos-
terior cord. The anterior division underwent further division result-
ing in separate roots of the median (triangle) and musculocutaneous
(square) nerves. d Branches of the pectoralis major and pectoralis
minor muscles. The pectoralis major (reflected) was innervated by
branches from the anterior divisions of the superior (4) and middle
(4') trunks. A branch of the medial root to the median nerve (5) inner-
vated the pectoralis minor (reflected). e Branches of the posterior
cord. The inferior subscapular (8 and 8') and thoracodorsal (6) nerves
emerged distally to the radial nerve. One branch of the inferior sub-
scapular nerve (8') innervated the subscapular, teres major as well as
latissimus dorsi muscles. f A communicating branch (asterisk) arose
from the musculocutaneous nerve after its perforation of the coraco-
brachialis muscle. g Schematic drawing illustrating the configuration
of the variant brachial plexus. 1, dorsal scapular nerve; 2, long tho-
racic nerve; 3, suprascapular nerve, 4 and 4', branches to the pectora-
lis major; 5, branch to the pectoralis minor; 6, thoracodorsal nerve; 7,
superior subscapular nerve; 8 and 8, inferior subscapular nerves (8’
also innervates the latissimus dorsi); 9, medial cutaneous nerve (of
arm and forearm); AA axillary artery, AN axillary nerve, BBM biceps
brachii, BM brachialis, CBM coracobrachialis, I inferior, L lateral,
LDM latissimus dorsi, M medial, MCN musculocutaneous nerve, MN
median nerve, MT middle trunk, PC posterior cord, PMM pectoralis
major, PmM pectoralis minor, RN radial nerve, S superior, SAM sca-
lenus anterior, SCA subclavian artery, SSM subscapularis, ST superior
trunk, TMM teres major, UN ulnar nerve

Other nerves innervating the upper limb arise from the BP
at the level of the root, trunk, and cord (Standring 2016).

BP anatomy is variable, and numerous studies have
described these variations since the nineteenth century.
These include extensive works with descriptions of over
100 BPs, for example, Kerr (1918) including 175 BPs of
American subjects, Hirasawa (1931) including 200 BPs of
Japanese subjects, and more recently, Uysal et al. (2003),
including 200 fetal BPs from Turkish subjects. Injury to
the BP may occur due to disease, over-stretching, or injury,
and it is commonly observed in subjects from the perinatal
period up to adulthood. Studies on BP variations provide
valuable information to neurosurgeons who operate in the
area of this structure.

In this case report, we present a previously undescribed
BP variant, which exhibits rare variations in the configura-
tions of the trunks, divisions, cords, and median nerve.

Case report

We encountered a novel variant of the BP while exam-
ining the cadaver of an 86-year-old Japanese male. The
variations were unilateral; only the right side exhibited
significant deviation from normal BP architecture. A fam-
ily member of the subject testified that the individual was

right-handed and that no signs of deficiency in locomotion
had been observed. Atypical configurations of the trunks,
divisions, cords, and median nerve were observed amongst
other variations of the BP. The variant BP comprised the
normal five roots derived from the ventral rami of the
spinal nerves, C5 to T1 (Fig. la, b). At the interscalene
triangle, the subclavian artery ran between the C8 and T1
(Fig. 1a). The two branches from the root regions—the
dorsal scapular and long thoracic nerves—originated from
the C5 and C6 nerves, respectively (Fig. 1g; branches 1
and 2, Supplementary Fig. 1). The latter appeared to be
the only nerve to innervate the serratus anterior (Supple-
mentary Fig. 1).

Examining the lateral progress of the BP, the roots united
to form three trunks in a non-classical manner; the superior
trunk constituted the C5 and C6 nerves, whereas the middle
trunk originated not from the C7 alone but from union of
the C7 and C8 nerves (Fig. 1b). The T1 did not communi-
cate with other roots, thus the inferior trunk was not clearly
defined (Fig. 1b). The superior trunk provided the root to
the suprascapular nerve (Fig. 1b, g; branch 3). The superior
and middle trunks divided into the anterior and posterior
divisions, while the T1/inferior trunk did not undergo such
division.

The lateral cord was not formed completely as the ante-
rior division of the middle trunk divided prior to meeting the
anterior division of the superior trunk, resulting in separate
roots of the musculocutaneous and median nerves (Fig. 1b,
¢). Furthermore, the posterior cord stemmed from the poste-
rior divisions of the superior and middle trunks only, with no
apparent contribution from the T1/inferior trunk (Fig. 1b).
The medial cord continued directly from the T1/inferior
trunk.

Anomalies of the branches of the cords were noted; the
lateral and medial pectoral nerves were not readily identifia-
ble, and the pectoralis major was innervated by two branches
arising from the middle trunk and the anterior division of
the superior trunk (Fig. 1b, d, and g; branches 4’ and 4).
The branch of the pectoralis minor did not originate from
the medial cord (direct continuation of the T1), but from the
lateral root of the median nerve (derived from the middle
trunk, which should contain fibers of the C8 nerve) (Fig. 1b,
d, and g; branch 5). The superior subscapular nerve arose
from the posterior cord (Fig. le, g; branch 7). The inferior
subscapular and thoracodorsal nerves also stemmed from the
same cord, although they emerged distally to the radial nerve
(Fig. 1e, g; branches 8, 8', and 6). The inferior subscapular
nerves exhibited three branches, one of which innervated the
latissimus dorsi in addition to the subscapularis and teres
major (Fig. le, g; branches 8, 8’). The medial cutaneous
nerve (of arm and forearm) originated from the medial cord
as a single stem (Fig. 1b, c, and g; branch 9). Close examina-
tion revealed a short branch proceeding distally to the medial
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cutaneous nerve and running parallel to the ulnar nerve
before joining it to form a small loop (omitted in Fig. 1g).

Regarding the terminal nerves of the BP, the axillary,
radial, and ulnar nerves originated from the posterior, pos-
terior, and medial cords, respectively (Fig. 1c), showing
typical configuration and correct innervation. As described,
the musculocutaneous nerve arose from the roots of the
anterior divisions of the superior and middle trunks. The
median nerve, initially created by the union of roots of the
medial cord and the anterior division of the middle trunk,
also exhibited an additional anastomotic branch emerging
from the musculocutaneous nerve after its perforation of the
coracobrachialis muscle (Fig. 1f).

Discussion

Variations in the BP are common, and understanding these
variations is vital for neurosurgeons who operate in the
area of the BP. Uysal et al. (2003) examined 200 BPs of
spontaneously aborted fetuses and found only 46.5% had
no variations.

Communication between the musculocutaneous and
median nerves is a relatively frequent variation. In the pre-
sent case, the communicating branch from the musculocu-
taneous nerve arose between the muscular branches to the
coracobrachialis and biceps brachii; we did not identify any
transposition of branches from the musculocutaneous to the
median nerves. According to the classifications proposed
by Maeda et al. (2009) and Hayashi et al. (2017), our case
is categorized as Type A2d (estimated 2.5%) and Type II
(3.1%), respectively.

Our dissection revealed that the long thoracic nerve origi-
nated solely from the C6 nerve (Supplementary Fig. 1). Itis
normally composed of two or more roots from the C4-C7
(with the C6 being the major component); this report is a
rare case not described in previous studies on the structure of
the long thoracic nerve by Wang et al. (2008; 38 specimens)
and Nasu et al. (2012; 10 specimens).

As for the architecture of the trunks, apart from the con-
tributions of the C4 (“prefixed”) or T2 (“postfixed”) nerves,
the configurations of the roots are considered to be fairly
consistent. Indeed, Kerr (1918) reported that the intermedi-
ate (middle) trunk was invariably formed from the C7 alone,
from their study involving 175 BPs from American subjects
of mixed race and gender. Meanwhile, in his investigation of
200 BPs from Japanese subjects, Hirasawa (1931) found that
2.00+0.99% (or 2.80 + 1.38% among males) cases exhib-
ited a middle trunk created from fusion of the C7 and C8
nerves and an inferior trunk exclusively derived from the T1
nerve. The author classified this novel variation as the “sixth
form” and further subdivided this into four types. Arakawa
(1952) observed the same class of variation occurring in
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1.20+0.69% of 250 Japanese subjects. There have also been
reports of this variation in Japan (Yoshida et al. 1958; bilat-
eral) and India (Shetty et al. 2011). In these cases, where
described, an anastomosis branch from the T1/inferior trunk
is observed to join the posterior trunk or the radial nerve,
which is in contrast with our observations as we did not find
any contribution of the T1/inferior trunk to the posterior
cord. This should not compromise the function of the pos-
terior cord because, although the inferior trunk normally
provides the root of the posterior cord, few fibers from the
T1 may contribute (Jenkins 2008). We found the diameter
of the right T1 to be larger than that of the normal side
(Supplementary Table 1). The diameters of the anterior and
posterior roots of the spinal nerves in the cervicothoracic
spine appear to show positive correlations with the numbers
of rootlets emerging from the anterior and posterior sulci
of the spinal cord (Zhong et al. 2017). Therefore, the larger
diameter of T1 in the variant BP may indicate an increased
number of the rootlets, compensated from the flanking levels
of spinal cord that normally correspond to C8 and/or T2. We
also noted weak connecting fibers between C8 and T1 near
the intervertebral foramen (Supplementary Fig. 2), although
their significance is not clear at this stage.

The organization of the trunks that we observed appears
to be uncommon in other animals (Miller 1934), imply-
ing that it has no evolutionary origin. Convergence of the
motor neurons during plexus formation is considered to be
mediated in part by spatial restriction to axonal migration
imposed by interactions of the Eph receptors and ephrins
(Araujo et al. 1998). As the variations were unilateral in
the present case, genetic causes as well as mechanical or
environmental constraints during BP development may have
contributed to the variations. In this regard, the existence
of the subclavian artery between the C8 and T1 is worth
considering. In humans, BP formation occurs at the Carn-
egie stage 14 (Shinohara et al. 1990), coinciding with the
entrance of the axial vessel (which originates from the aortic
arch and represents the subclavian artery) into the limb bud
(Rodriguez-Niedenfiihr et al. 2001).

The correlations between the variations of the trunks,
divisions, cords, and the median nerve in the present case
are not evident from the literature, and they may well be
independent. Yet, here we propose a plausible scenario that
led to these variations during morphogenesis. First, the
middle trunk was formed from the C7 and C8 nerves as a
result of mechanical constraints imposed by the subclavian
artery. Consequently, the inferior trunk was not recruited to
the posterior cord as it carried only the fibers from the T1.
The musculocutaneous nerve typically comprises the C5-C7
nerves; therefore, the anomalous C8 fibers within the mid-
dle trunk were not attracted to it. As a result, the anterior
division of the middle trunk did not unite with the anterior
division of the superior trunk as a whole to create the lateral
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cord with the C5—-C8 components; it instead branched into
two to create the medial root of the musculocutaneous nerve
(C7 only) and the lateral root of the median nerve (C7 +CS8).
The former gave the musculocutaneous nerve with the ante-
rior division of the superior trunk (C5 + C6), while the lat-
ter combined with the medial root arising from the infe-
rior trunk (T1). Thus, the initial part of the median nerve
(typically C6-T1) lacked fibers from the C6 nerve, which
might have been supplied from the communicating branch
of the musculocutaneous. This would essentially function
as a second lateral root to the median nerve. Microscopic
tracking of the nerve fibers may provide insight to confirm
these hypotheses.

In conclusion, the BP variant reported here represents
a compound of rare variations in the configuration of the
trunks, divisions, cords, and median nerve, and will provide
a valuable addition to the literature.
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