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ABSTRACT

During the dissection of an 8l-year-old male cadaver, interconnected nerve
trunks from C6 and C7 to the serratus anterior muscles were revealed
bilaterally. These trunks broke up into divisions that gave multiple branches
to the muscle; the most inferior of the branches followed the course of long
thoracic nerve. In the left axilla, the posterior cord of the brachial plexus gave

multiple branches innervating the subscapularis, latissimus dorsi, teres major
and teres minor muscles. With exception of the two upper subscapular nerves
that originated directly from the posterior cord, the rest arose indirectly from
axillary nerve independently and via a common stem. Such variable nerves
that occur in multiples carry a potential risk of nerve injury during clinical
procedure, which requires awareness and attention to avoid unintended
complications as well as to advert their potential use in the treatment of other
nerve injuries.
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INTRODUTION

he serratus anterior muscle (SAM) is innervated by the long thoracic

nerve (LTN) formed by fibers from C5, C6 and C7 roots of the brachial
plexus (BP), although the C7 may be absent [1]. After obliquely piercing
through the middle scalene muscle, the C5 and C6 roots unit within the
muscle or lateral to it and may be joined by the C7 root which emerges
between the anterior and middle scalene muscles [1]. Then it descends dorsal
to the BP and the first segment of the axillary artery and crosses the superior
border of SAM to reach its lateral surface [1]. A previous anatomical and
functional assessment study of LTN on fifteen cadavers found that it arises
from the C5, C6 and C7, where the C5 and C6 were joined beneath the
middle scalene muscle to form the upper division. A late reunion with the
lower division formed by C7 occurred caudally in the axillary region [2].
Another study done on the right and left sides of 18 cadavers demonstrated
the relationship between these three nerve roots and the scalene muscles,
where in 61% of the sides C7 joined C5 and C6 to form the LTN, in 56%
of the sides it was found between the middle and posterior scalene muscles
and in 11% of the sides the C5 and C6 components traveled through the
middle scalene muscle and combined with C7, which was always located
anterior to the middle scalene muscle. In two of the sides the C5, C6, and C7
contributions to the LTN were located between the middle scalene and the
BP without passing through any muscle [3]. Some other studies did document
a broader range of variability in the origin of LTN. One of these studies done
on 57 cadavers revealed that in 36% of the cases the LTN originated from
C5, 6 and 7, while C5 was absent in 6% and C7 was absent in 10% of the
cases [4]. Related to its further course, a retrospective study of the thoracic
portion of the LTN conducted on 43 patients noted that in 79% of the cases
a single major nerve coursing along the SAM classified as type I LTN was
observed, while in about 21% of the cases two equal sized major branches of
the nerve were identified and classified as type Il LTN [5]. The unique course
of the LTN through the interscalene triangle, middle scalene muscle and its
supertficial descent along the mid axillary line to the SAM predisposes it to
injury caused by various factors leading to winged scapula. This injury often
results from closed trauma leading to compression, stretching or traction of
the nerve by direct extrinsic forces or by penetrating injury or by neuritis such
as Parsonage-Turner syndrome [6].

It is well established that three subscapular nerves (upper, middle or
thoracodorsal and lower) arise from the posterior cord of the BP. The upper
subscapular nerve innervates the upper fibers of subscapularis muscle and the
lower scapular nerve innervates the lower fibers of subscapularis and teres

major muscle, while the middle subscapular (thoracodorsal) nerve innervated
the latissimus dorsi muscle. Though, the subscapularis muscle is innervated
by the upper and lower subscapular nerves from the posterior cord of the
brachial plexus; it is also known that the axillary nerve gives a significant
innervation to its lower fibers (25%) [7-8]. A substantial number of other
documentations that demonstrate variation in the origin, number and
distribution of subscapular nerves also exist. A previous case report noted
that two upper subscapular nerves, one from the suprascapular nerve and the
other from the posterior division of the upper trunk of the BP that innervated
the upper fibers of the subscapularis muscle [9]. There was also a case report
in which the posterior cord of the BP gave branch to only radial and axillary
nerves, while the upper subscapular, thoracodorsal and lower subscapular
nerves were branches from the axillary nerve [10]. As stated in a study done
on forty specimens, the thoracodorsal nerve originated from the posterior
cord of BP in 72.5%, from the axillary nerve in 15% and arose from the
posterior cord of BP by a common stem with the axillary nerve in 12.5% of
the case [11]. Another dissection study done by Bhoshale and his coworker
on 20 cadavers revealed that the lower subscapular nerve originated from the
axillary nerve in 57.5%, from the posterior cord of BP in 37.5% and from a
common trunk with axillary nerve in 5% of the cases [12].

All these documentations demonstrate that there is an extensive variation in
the origin, number and distribution patterns of nerves to SAM and branches
of the posterior cord of the BP in the lateral neck and axillary regions, which
are common site for various anesthetic, imaging and surgical procedure.

MATERIALS AND METHODS

During the routine dissection of the posterior cervical triangles of 81-year-
old male cadaver, two nerve trunks exiting the neck posterior to the trunks
of the BPs of both sides were incidentally found. After lateral reflections of
the pectoral muscles and removal of the clavicle, these nerve trunks with
unusual complex communications, divisions, and distribution patterns were
carefully dissected and followed down to the axilla until they entered the
SAM. The right BP was detached at its roots and reflected laterally to show
the exact origins of these nerves from C6 and C7 roots. Further cleansing of
the posterior axillary wall also revealed multiple branches that directly and
indirectly originated from the posterior cord of BP. Photographs were taken
for illustrations and the nerves entering SAM were then named as “nerves to
serratus anterior” instead of long thoracic nerve and the parts of these nerves
from roots to the SAM were designated as trunks, divisions and branches for
the convenience of description in this particular report.
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Left side: Two nerve trunks to SAM originated from the dorsal aspects of C6
and C7 roots, exited the neck and descended on the superior aspect of the
lateral thoracic wall. The C6 trunk first ran through the interscalene triangle
and pierced through the superficial aspect of the middle scalene muscle,
while the C7 trunk exited through the interscalene triangle (Figure 1). Then
both took an oblique and parallel descent on the lateral surface of the middle
scalene muscle where the two trunks uniquely divided into superior and
inferior divisions. The inferior division of the C6 trunk re-divided into three
branches. The most inferior of these branches descended superficial to the
superior fibers of SAM, crossed over the superior division of the C7 trunk,
gave two branches to the inferior portion of the superior fibers of SAM and
joined the inferior division of C7 trunk to descend along the midaxillary
line to enter the middle and inferior fibers of the SAM. The remaining two
branches of the inferior division of C6 trunk, the superior divisions of C6
and C7 trunks entered the superior fibers of the SAM (Figure 1).

Right side: Similar to the left side, two nerve trunks originated from the
dorsal aspects of C6 and C7 roots, but both exited the lateral neck through
the interscalene triangle. After exiting through the interscalene triangle the
C6 and C7 trunks were interconnected by a communicating branch. Then
the post-communicating part of C6 trunk divided into superior and inferior
divisions that entered the superior fibers of SAM. The superior division
of the C6 trunk was also found to have connection with the branch of
dorsal scapular nerve to the thomboids by another communicating branch.
The post-communicating part of the C7 trunk also divided into a smaller
superior division and a larger inferior division. The smaller superior division
directly entered the middle fibers of SAM, while its larger inferior division
descended along the midaxillary line to end on the inferior fibers of SAM
(Figure 2).

Subscapular nerves on the left side: In the left axilla, in addition to the
variant nerves to SAM, multiple branches arising directly from the posterior
cord of the BP and indirectly from the axillary nerve to the subscapularis,
latissimus dorsi, teres major and teres minor muscles were encountered.
Five branches were found to enter the subscapularis muscle. Two of these
branches were directly from the posterior cord of the BP to its upper fibers,
two were from the axillary nerve to its middle fibers and one branch to its
inferior fibers was from a common stem from the axillary nerve shared with
the thoracodorsal nerve and the branches to teres major and teres minor
muscles (Figure 3).

DISCUSSION

Even though, it is a classic knowledge that the SAM is innervated by the LTN
that arises from the C5, C6 and C7 roots with a possible absence of C7 [1]; it is
also known that all the three roots consistently contributed to the formation
of LTN [2, 3]. Contrary to this notion, there are many other studies and case
reports that documented the absence of C5 or C7 roots, more frequently
the C7 root of LTN [4]. The formation of the LTN in relation to the middle
scalene muscle was also described in such a way that the upper division
contributed by C5 and C6 is formed beneath the middle scalene muscle
and joined by the lower division from C7 in the axilla [4]. Moreover, it was
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Figure 1) Illustrates the exit of the left C6 and C7 trunks with their oblique and
parallel course in relation to middle scalene muscle. It also shows their branching
patterns, intercrossing fibers as well as the distribution of the branches to the superior,

middle and inferior fibers of the left SAM.
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Figure 2) Show the cut and laterally reflected right brachial plexus to illustrate the
origin, communication, branching patterns and distributions of nerves to the superior,

middle and inferior fibers of the right SAM.
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Figure 3) Demonstrates the direct and indirect branches of the posterior cord of
the BP including the common stem from the axillary nerve shared between the
thoracodorsal nerve, the branch to the lower fibers of subscapularis, and the branches
to the two teres muscles.

also stated that this nerve reached the SAM as a single major nerve or as two
equal major nerves [5]. However, as observed in this current case report,
there was no contribution by C5 and no direct union between C6 and C7
to form distinct major nerves to the SAM, rather different sets of branches
from C6 and C7 entered the three parts of the serratus anterior muscles.
Nonetheless, the branch formed by the union of the inferior divisions of the
left C6 and C7 trunks and the postcommunicating part of right C7 trunk
followed a similar course to the classic LTN. Therefore, the observation in
the current case report is different from these previous documentations for
a multitude of peculiar variations in a single cadaver that consisted of the:
1) absence of contribution by C5 on both sides, 2) unusual course of the left
C6 through the interscalene triangle and then through the superficial part
of the middle scalene muscle, 3) descent of the inferior branch of left C6 to
unit with the inferior division of C7 in the axilla to enter the middle and
inferior fibers of SAM, 4) slight ascent of the superior division of the left
C7 trunk to enter the superior fibers of SAM, 5) connection between the
right C6 and C7 trunks by a communicating branch, and 6) communication
of the superior division of the right C6 trunk with the branch of dorsal
scapular nerve to the thomboids. The author of this report believes that
the peculiar intercross between the branch of the inferior division of the
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left C6 and superior division of left C7 to reach the inferior and superior
fibers of SAM respectively is unique and the Ist of its kind. The unusual
interconnection between the right C6 and C7 trunks via a communicating
branch, the distribution of C6 branches only to the superior fibers of SAM
and its communication with the branch of dorsal scapular nerve makes it
completely different from the documentations available so far. Of note are
also the distribution of the two branches from the postcommunicating part
of the right C7 to the middle and inferior fibers of serratus anterior muscle.
This kind of course, branching and distribution pattern is also very unique
and is not found in any of the reviewed literature.

It is well known that, the unique course of LTN in relation to the middle
scalene muscle and its superficial course in the axilla, predisposes it to injury
caused by various factors that results in scapular winging [6]. As author of
this case report, since there is no formation of LTN in its classic sense, I
believe that having innervation by multiple widely distributed branches like
this can have advantages and disadvantages as it relates to nerve injuries.
On one hand, for it is less likely that all the branches may be encountered
at the same time during procedures or trauma, it could decrease the risk
of complete loss of function due to isolated nerve injury. On the other
hand, the presence of such broad branching pattern could predispose the
nerves to inadvertent injury due to difficulty to safe-guard all small branches.
Thus, could be associated with a high risk of injury to one or more of these
branches leading to partial paralysis or weakness of the muscle.

Even so, it is a well-known fact that the subscapularis muscle is innervated
by the upper and lower subscapular nerves from the posterior cord of the
BP, it is also innervated by a branch of the axillary nerve 7, 8]. Along with
this, a wide range of variations of these nerves is also well documented.
These variations included double upper subscapular nerves that separately
originated from the posterior cord of the BP and the suprascapular nerve [9],
the branches of subscapular nerves including the dorsal scapular nerve arising
from the axillary nerve [10], the thoracodorsal nerve originating from the
axillary nerve and from the posterior cord of BP by a common stem with the
axillary nerve [11, 12]. In contrary to these previous descriptions, the current
case report demonstrated that the subscapularis muscle is innervated by five
branches, some of which were directly from the posterior cord of BP and the
others indirectly from its branch (axillary nerve) that arose independently
and by a common stem together with the nerves to the latissimus dorsi and
teres muscles. This finding related to the subscapular nerves in this report
is completely different from those previously noted findings. Alike the
nerves to the SAM, the multiplicity of these nerves has its own advantages
and disadvantages with reduced risk of complete paralysis resulting from
single nerve injury and difficulty of sparing all the nerves during procedures
with a potential risk of partial paralysis or muscle weakness. Generally,
such occurrence of nerves in multiples may also be potentially used in
neurotization procedures in the vicinity or nerve harvest procedures in nerve
graft/repair surgeries for the treatment of injured nerves.

CONCLUSION

The presence of variable and multiple nerves like this in the lateral neck
and axillary region, which are common site for various anesthetic, imaging
and surgical procedures, carries a high risk of nerve injury of different
severity. Therefore, it requires awareness of anesthesiologists, radiologists
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and surgeons in order to avoid unintended complications during invasive
procedures in those regions as well as to advert their potential use as donor
nerves for the treatment of other nerve injuries in the vicinity without a
significant effect on the muscles they innervate.
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