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Abstract

Circumscapular pain is a frequent complaint in clinical practice. The dorsal scapular and long thoracic nerves course through
the neck, where they may become entrapped between or within adjacent scalene muscles. Additionally, a high frequency of
brachial plexus “piercing” variants have recently been documented, and it is unclear how they influence branching patterns
distally along the brachial plexus. In the project reported here we strived to identify and quantify variations in dorsal scapular
nerve and long thoracic nerve secondary to brachial plexus piercing variation. Ninety brachial plexuses from human cadavers
(45 female/45 male) were evaluated to identify nerve branching patterns, specifically piercing versus non-piercing variants in
the brachial plexus roots and nerves. Anatomical entrapment of the dorsal scapular nerve and long thoracic nerve was found in
high frequencies (60.8% and 44.6%, respectively). Anomalous brachial plexus piercing variants were associated with higher
frequencies of distal nerve branches also coursing through the scalene musculature, and there was a statistically significant
correlation between brachial plexus and long thoracic nerve piercings (p =0.027). Anatomical entrapment of nerves within
scalene musculature is common and may be causative factors for idiopathic circumscapular pain, dorsalgia, and dysfunction
of scapulohumeral rhythm. This study revealed a link between anatomical arrangement of the brachial plexus and occurrence
of long thoracic nerve entrapment, which may lead to a series of cascading neurologic effects in which affected individuals
may suffer from increased incidence of thoracic outlet syndrome and long thoracic nerve entrapment resulting in additional
symptoms of interscapular pain and compromised shoulder mobility.

Keywords Brachial plexus variation - Dorsal scapular nerve - Long thoracic nerve - Nerve entrapment - Anatomical
variation

Introduction

The brachial plexus (BP) is a major nerve network that inner-
vates the upper extremity and which in humans is formed by
the merging of ventral rami from the C5-T1 nerves (Moore
et al. 2014). These ventral rami are referred to as the roots
of the BP, and they typically pass through the space between
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the anterior and middle scalene muscles, and then join to
form the superior, middle, and inferior trunks. Each of these
trunks diverges into an anterior and posterior division, and
then reconverges to form three cords, namely, the lateral,
posterior, and medial cords. As terminal branches split off
from the plexus, they are named as individual peripheral
nerves, most of which course distally to innervate the upper
extremity.

Recent studies have identified anatomical variants in the
BP, in which portions of the plexus pierce the scalene mus-
culature (Harry et al. 1997; Sakamoto 2012; Leonhard et al.
2016, 2017). Impingement of the plexus at this location,
especially in cases of hypertonicity of the scalene muscles,
may result in neural symptomology. Specifically, these vari-
ants may predispose individuals to symptoms of neurogenic
thoracic outlet syndrome (nTOS), including pain, pares-
thesia, and paresis of the upper extremity (Leonhard et al.
2017). Several peripheral nerves of the scapular, pectoral,
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and circumhumeral region branch off the BP proximally,
suggesting that they too may be impinged by the scalene
muscles in individuals in which the BP trunks pierce the
scalenes.

Dorsal scapular nerve entrapment

Circumscapular and interscapular pain are common clinical
complaints. While numerous etiologies exist for this pain,
dorsal scapular nerve (DSN) entrapment is a recently recog-
nized, common underlying cause (Sultan et al. 2013). After
leaving the scalene region, the DSN typically travels inferi-
orly, deep to the BP and levator scapulae (e.g., Moore et al.
2014), coursing along the deep surfaces of the rhomboid
major and minor where it pierces both of these muscles.
Impingement of the DSN anywhere along its route could
result in compromised shoulder function and/or radiating
neuralgia through the back, upper extremity, and/or cervical
region (Nguyen et al. 2016).

DSN entrapment results in impingement of the DSN
nerve fibers, typically causing acute pain to originate along
the vertebral border of the scapula, which may radiate
distally to the lateral arm and forearm (Chen et al. 1995;
Nakano 1978). Entrapment of the DSN is often accompanied
by dysfunction of the shoulder girdle (Chen et al. 1995). If
the condition persists, it may result in wasting of the shoul-
der musculature, and even winging of the scapula (Ravin-
dran 2003). DSN entrapment is easily overlooked in differ-
ential diagnoses due to the relative vagueness of symptoms,
myriad of common conditions with similar symptomology,
and absence of sensory branches of the underlying nerve
(Sultan et al. 2013).

Despite the recent recognition of the role of DSN entrap-
ment in shoulder pain and dysfunction, the frequency of
anatomical DSN impingement in the general population is
unknown. In addition, it is unclear whether recently discov-
ered anomalies in the BP may affect the course of the DSN
and its predisposition to impingement. Individuals with
piercing variant BP patterns report higher incidences of tho-
racic outlet syndrome symptoms (Leonhard et al. 2017), and
it has been suggested that impingement of the DSN may also
contribute to symptoms of nTOS (Chen et al. 1995; Boezaart
et al. 2010; Saporito 2013). Additionally, it is important for
clinicians to have an accurate understanding of the important
neurological relationships in the scalene region for any sur-
gical procedures or nerve blocks, which are common treat-
ment modalities for both nTOS and DSN entrapment (e.g.,
Roos 1982; Povlsen et al. 2014).

Long thoracic nerve compression

The long thoracic nerve (LTN) shares a classic anatomi-
cal relationship with the BP, in which the former courses
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through the cervicoaxillary canal posterior to the trunks of
the BP. In individuals with BP piercing variants discussed
above, it is unclear how the LTN would be impacted. Injury
to or compromise of the LTN has been documented to cause
debilitating paralysis or paresthesia of the serratus anterior
muscle (Wiater and Flatow 1999). As a primary stabilizer
of the scapula, serratus anterior is crucial in maintaining
the normal position of the scapula against the thoracic wall
and in sustaining proper scapulohumeral function (Inman
et al. 1944). Patients with lesions or other impingements of
the LTN often present with pain, paresthesia, and weakness
of the serratus anterior. In severe cases, scapular winging,
medial translation or rotation of the scapula, or projection
of the medial scapular border may co-occur (Connor et al.
1997; Wiater and Flatow 1999). Chronic weakness of the
serratus anterior may result in substantial shoulder pain, par-
ticularly in individuals who experience heavy demands on
their shoulders (Kaupilla and Vastamaki 1996).

It has been documented that LTN dysfunction may occur
in the absence of reported trauma or other apparent pathol-
ogy (Foo and Swann 1983; Vukov et al. 1996). In particular,
Vukov et al. (1996) describe a case of idiopathic dysfunction
of the LTN resulting in paralysis of the serratus anterior.
The appearance of LTN dysfunction in the absence of any
reported trauma suggests that anatomical variation may pre-
dispose certain individuals to LTN palsy, including entrap-
ment of the LTN within the scalene musculature. As with
the DSN, there is limited published information on the vari-
ability of the course of the LTN through the neck and upper
thorax and its relationships to other neurovascular structures
in the area. Information on the various courses and frequen-
cies is crucial for comprehensive patient care and safe and
proper surgical procedures in this region.

Neuropathies of the DSN and LTN

The lack of knowledge on the variation and frequency of
DSN and LTN pathways could complicate medical treat-
ments, differential diagnoses, and surgical interventions in
the scapular and scalene regions. It has been noted that nerve
injuries occur in 1-8% of shoulder surgeries and that three-
dimensional (3D) information on nerve anatomy is crucial
for the safe placement of portals and trocar direction (Board-
man and Cofield 1999). However, while numerous studies
have assessed the 3D relationships of several nerves relevant
to shoulder surgery, these studies have focused primarily on
the suprascapular nerve (Bigliani et al. 1990; Warner et al.
1992), musculocutaneous nerve (Flatow et al. 1989), and
axillary nerve (Bryan et al. 1986; Duval et al. 1993; Duparc
et al. 1997; Eakin et al. 1998). Little research has focused
on the role of anatomical variation in the DSN and LTN in
undiagnosed shoulder pain, and the potential of variation for
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iatrogenic causes of nerve damage when they deviate from
the expected course through the neck.

In the study reported here, we evaluated the course of the
DSN and LTN with relation to the scalene musculature in
order to assess the frequency of anatomical entrapment of
these nerves and to assess whether BP branching variants are
correlated with DSN and/or LTN piercing patterns. In par-
ticular, we quantified how DSN and LTN anatomical entrap-
ment co-varied with BP anatomy, with the goal of determin-
ing whether individuals with BP piercing variants were more
likely to also possess DSN and/or LTN entrapment.

Materials and methods

Ninety BPs from 47 adult cadavers (24 male/23 female) from
Anatomy teaching laboratories were examined to determine
the rates of variation in the course, branching patterns, and
anatomical relationships of the BP, DSN, and LTN. The
body donors ranged in age from 51 to 97 years old, with a
mean age of 74.7 years. Following medical student dissec-
tions of the neck and shoulder, a bilateral evaluation was
completed for each cadaveric specimen. Each evaluation
started with reflection of the sternocleidomastoid muscle
and the identification of the phrenic nerve along the superfi-
cial surface of the anterior scalene muscle. Once the inferior
and lateral borders of the anterior scalene were defined, the
positions of the trunks and cords of the BP in relation to the
scalene muscles were determined and recorded. Any BP var-
iants were recorded, especially piercing variations, in which
the superior trunk courses through the anterior scalene.
Next, the DSN was identified and traced both proximally
and distally to reveal the entirety of its course. In particu-
lar, the relationship of the DSN to the scalene muscles was
noted, including whether the nerve pierced the anterior, mid-
dle, or posterior scalene. Alternatively, if the DSN was found
to course between two adjacent muscle bellies, it was noted
which muscles surrounded it. This information is relevant
because the space between the middle and posterior sca-
lenes is quite tight in comparison to the relatively spacious
gap between the anterior and middle scalenes, commonly
referred to as the “interscalene gap.” Finally, the latissimus
dorsi muscle was reflected to reveal the serratus anterior
muscle and identify the LTN, which was traced proximally
to determine the entirety of its course. As with the DSN,
the relationship of the LTN to each of the scalene muscles
was noted. If the ventral rami pierced the muscle in any
way, it was recorded as a piercing variant. Any unique cir-
cumstances were noted and described. Each specimen was
evaluated by both authors to confirm the assessment and
then photodocumented for future confirmation. If the BP,
DSN, or LTN were damaged on either side from the student
dissections, those data were excluded from consideration.

Chi-squared analyses were conducted using the SPSS ver-
sion 25 software package (IBM Corp., Armonk, NY, USA)
to assess whether DSN or LTN piercing patterns were more
common in individuals with BP piercing variations than in
individuals with “classic” BP anatomy. Chi-squared analyses
were also utilized to compare patterns between the sexes and
sides of the body (left vs. right).

Results

Since the cadavers in this study were first dissected by medi-
cal students, some of the nerves investigated were inadvert-
ently severed and therefore were not able to be included in
the sample. Of the 47 cadavers examined in this study, on a
few sides, the majority of relevant muscles and nerves had
been severed or removed completely or partially and, there-
fore, data from those sides were not included in the sample.
Consequently, the total number of usable cadaveric BP sides
was 90. All results reported in the following sections are
reported as numbers of sides.

Brachial plexus

In the evaluation of BP branching and relationships, 35 sides
were found to exhibit classic BP anatomy (38.9%), while
54 sides (60.0%) possessed a piercing variant in which por-
tions of the plexus pierced a scalene muscle, and one side
(1.1%) displayed a C5 root coursing superficial to the ante-
rior scalene muscle (Table 1). Chi-squared analyses revealed
no significant differences in BP branching patterns between
males and females or sides of the body.

In many of the piercing variant sides (N =54), there were
additional variations, such as C5 and/or C6 roots located
superficial to the anterior scalene or trunks located between
the middle and posterior scalenes instead of between the
anterior and middle scalenes. The majority of the piercing
variants (N=41) were caused by the C5 and C6 roots or the
entire superior trunk piercing the anterior scalene, including
one male side where both the superior and middle trunks
pierced the anterior scalene muscle. Among the sides pierc-
ing the anterior scalene (N=53), in eight sides (4 male/4
female) only the C5 root pierced the anterior scalene muscle,
while in three sides (2 male/1 female) only C6 pierced the
anterior scalene muscle while the C5 ramus emerged ante-
rior to the muscle.

In one side (male), the inferior trunk pierced the anterior
scalene, while the superior and middle trunks classically
emerged between the anterior and middle scalenes. In one
side (male), the C5 and C6 roots pierced the middle scalene
muscle, and the middle trunk emerged between the middle
and posterior scalene muscles, while the inferior trunk main-
tained the classic pattern between the anterior and middle
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Table 1 Brachial plexus (BP) variation revealed in the present sample

Variations in BP Total (N=90) Male (N=45)

Female (N=45)

Left side (N=46) Right side (N=44)

N  Distribution (%) N  Distribution (%) N  Distribution (%) N  Distribution (%) N  Distribution (%)

BP non-piercing 36 40.0 14 31.1 22 489 20 435 16 364

Classic BP pattern 35  38.9 13 289 22 489 19 413 16 364

C5 anterior to AS 1 1.1 1 22 0 0 1 2.2 0o 0
BP piercing 54 60.0 31 689 23 5l1.1 26 56.5 28 63.6

Pierce AS 53 589 30 66.7 23 51.1 26 56.5 27 614

Pierce MS 1 1.1 1 22 0 0 0o 0 1 23

Pierce PS 0o 0 0o 0 0 0 0 0 0 O

AS Anterior scalene, BP brachial plexus, C5 C5 anterior ramus, MS middle scalene, PS posterior scalene

scalenes. These highly atypical conformations are unique,
and to our knowledge, have not previously been documented.

Dorsal scapular nerve

For the DSN, data were available on 74 sides (36 male/38
female), summarized in Table 2. In 16 sides (21.6%), the
DSN emerged between the middle and posterior scalene
muscles, while 60.8% demonstrated one of the piercing pat-
terns (Fig. 1). In the majority of the piercing DSN sides,
the nerve pierced the middle scalene muscle (68.9%),
while 11.1% pierced the anterior scalene muscle and 20.0%
pierced the posterior scalene muscle. The chi-squared tests
revealed no statistical differences in the frequencies of path-
ways between sexes or sides of the body.

Extensive variation was observed in the course and
branching positions of the DSN. In addition to the afore-
mentioned piercing pathways, the DSN also varied in the
position from which it diverged from the rest of the plexus.
In many sides, it diverged posteriorly, as has been previously
described. However, in two sides, the DSN branched off the
superior trunk approximately 2 cm distal to the lateral border
of anterior scalene. In three sides, it emerged off a shared
trunk with the LTN. In one case, the DSN branched directly

off the middle trunk, and in two cases, it was a direct branch
from C4.

Long thoracic nerve

For the LTN, data were available from 83 cadaveric sides
(38 male/45 female). Forty-six sides (55.4%) demonstrated
a non-piercing LTN configuration, while 44.6% displayed
a version of piercing morphology (Table 3; Fig. 2). Of the
37 LTNs that pierced a muscle, 32 (86.5%) pierced the mid-
dle scalene, while only one side (male) pierced the anterior
scalene (2.7%), and four sides (male) pierced the posterior
scalene (10.8%). Interestingly, the female sides had nearly
equal distribution between the classic LTN anatomy and the
LTN piercing the middle scalene muscle. Only two female
sides possessed an LTN emerging between the middle and
posterior scalene muscles, and when combined with the
male sides, this pattern composes only 8.4% of the total
sample. Of the LTN piercing sample, five LTNs were found
to have a partial piercing, if one or more of their contributing
spinal nerve rami traveled through the scalenes, but not the
complete nerve trunk. Chi-squared tests found no statistical
differences between sexes or sides of the body.

Table 2 Variations in dorsal scapular nerve (DSN) course in the present sample

Variations in DSN Total (N=74) Male (N=36)

Female (N=38) Left side (N=39) Right side (N=35)

N Distribution (%) N Distribution (%) N  Distribution (%)

N Distribution (%) N  Distribution (%)

DSN non-piercing 29 39.2 17 472
DSN between MS & PS 16 21.6 25.0
All other DSN non- 13 17.6 8 222

piercing variants

DSN piercing 45 60.8 19 528
Pierce AS 5 638 1 28
Pierce MS 31 419 13 36.1
Pierce PS 9 122 5 139

12 31.6 17 43.6 12 343
18.4 7 179 9 257

13.2 10 25.6 3 86

26 68.4 22 56.4 23 65.7
4 10.5 377 2 57

18 474 13 333 18 51.4
4 10.5 6 154 3 86

DSN dorsal scapular nerve, AS anterior scalene, MS middle scalene, PS posterior scalene
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Fig.1 Variations in the pathway of the dorsal scapular nerve (DSN). between middle and posterior scalenes. AS Anterior scalene, /T infe-
a DSN branches directly off superior trunk or C5, avoiding the sca- rior trunk, MS middle scalene, MT middle trunk, PS posterior sca-
lene musculature, b DSN pierces scalene musculature, ¢ DSN courses lene, ST superior trunk

Table 3 Variations in long thoracic (LTN) nerve course in the present sample

Variations in LTN course Total (N=283) Male (N=38) Female (N=45) Left side (N=44) Right side (N=39)

N Distribution (%) N Distribution (%) N Distribution (%) N  Distribution (%) N  Distribution (%)

LTN non-piercing 46 554 23 60.5 23 51.1 26 59.1 20 513
LTN between MS & PS 7 8.4 5 132 2 44 4 91 377
All other LTN non- 39 47.0 18 474 21 46.7 22 50.0 17 43.6

piercing variants

LTN piercing 37 44.6 15 395 22 489 18 40.9 19 487
Pierce AS 1 12 1 26 0 o0 1 23 0 0
Pierce MS 32 38.6 10 263 22 489 15 341 17 43.6
Pierce PS 4 48 4 105 0 0 2 45 2 51

LTN long thoracic nerve, AS anterior scalene, MS middle scalene, PS posterior scalene

Fig.2 Variations in the pathway of the long thoracic nerve (LTN). a LTN branches directly off superior trunk or cervical spinal nerves, avoiding
the scalene musculature, b LTN pierces scalene musculature, ¢ LTN courses between middle and posterior scalenes. SA Subclavian artery
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Variation was noted in the pathway of the LTN and its
relationships with other neurovascular structures in the cer-
vical region. In addition to the piercing variations described
above, there were also a few anomalous pathways worth
mentioning: two sides were observed in which the LTN and
DSN shared a common trunk; on one side the LTN branched
directly off the inferior trunk; on another the LTN branched
directly off the superior trunk; and on one side, the LTN
received contributions from the superior and middle trunks,
rather than direct branches from C5-7. In another side, the
LTN exhibited classic anatomy proximally, but was found to
give off a branch to pectoralis minor as it traveled distally. In
this side, the medial pectoral nerve branched off the middle
trunk and coursed to pectoralis minor, as usual. However,
the LTN also branched posteriorly off the middle trunk and
coursed inferolaterally over the superficial surface of pecto-
ralis minor. As it passed over the lateral border of pectoralis
minor, it gave off a small branch to the muscle.

Covariations

While variation is not an unexpected phenomenon in many
instances of human anatomy, we wanted to further investi-
gate the relationship of the BP, DSN, and LTN. We hypothe-
sized that proximal BP variants may lead to cascading distal
effects in the courses of the peripheral nerves downstream.

Covariation of BP and DSN

To evaluate the covariation among courses of the BP and
DSN, we combined the variables explored using the singular
nerve approach above. We found that only 12.3% of sides
had the entirely non-piercing anatomical pattern in which the
BP trunks emerged between the anterior and middle scalene
muscles and DSN was non-piercing (Table 4; Fig. 3). In a
plurality of sides (38.4%), both the BP and DSNwere clas-
sified as piercing variants (Table 4).

In assessing the association between DSN and BP pat-
terns, no clear pattern emerged (Table 4). The largest num-
ber of sides displayed both BP and DSN piercing patterns
(38.4%). However, the number of non-piercing DSNs asso-
ciated with a piercing BP was also substantial (27.4%). In
fact, there were more sides with piercing DSNs in associa-
tion with a classic BP (21.9%) than there were non-piercing

60
O DSN Non-piercing
B DSN Piercing

Number of Cadaver Sides

BP Non-piercing

BP Piercing

Fig.3 Comparison of dorsal scapular nerve (DSN) variations
between individuals with piercing versus non-piercing brachial plex-
uses (BPs)

DSNs with a classic BP (12.3%). The chi-squared test
revealed no significant differences in the occurrence of
piercing DSNs between sides with piercing versus non-
piercing BPs (y?=0.2204, p=0.639).

Covariation of BP and LTN

A plurality of the sides (32.9%) presented with instances
in which both the BP and LTN displayed a piercing pat-
tern (Table 5, Fig. 4). In only 10 sides (12.2%) did the LTN
pierce the scalenes in the absence of a piercing BP. The Chi-
squared test revealed statistically significant higher occur-
rence of piercing LTNs in sides with piercing compared to
non-piercing BPs (y*=4.8975, p=0.027).

Discussion

Patient complaints of circumscapular pain and/or shoulder
dysfunction may be indicative of DSN or LTN entrapment
and compression. Given the high frequency of anatomical
entrapment of both the DSN and LTN and the importance
of both nerves in maintaining normal scapular position and

Table 4 Patterns of covariation
among the courses of the
brachial plexus (BP) and dorsal

Patterns of covariation

Total (N=73)

Male (N=36) Female (N=37)

scapular nerve (DSN)

N  Distribution (%) N  Distribution (%) N  Distribution (%)
BP & DSN piercing 28 384 14 389 14 378
BP piercing, DSN non-piercing 20 27.4 13 36.1 7 189
BP non-piercing, DSN piercing 16  21.9 5 139 11 297
BP & DSN non-piercing 9 123 11.1 5 135
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Table 5 Patterns of covariation
among the courses of the
brachial plexus (BP) and long

Patterns of covariation

thoracic nerve (LTN)
BP & LTN piercing

BP piercing, LTN non-piercing
BP non-piercing, LTN piercing
BP & LTN non-piercing

Total (N=282) Male (N=38) Female (N=44)

N  Distribution (%) N  Distribution (%) N  Distribution (%)
27 329 14 36.8 13 295

22 26.8 13 342 9 205

10 122 1 2.6 20.5

23 28.0 10 263 13 295

60

OLTN Non-piercing
W LTN Piercing

Number of Cadaver Sides

BP Piercing BP Non-piercing

Fig.4 Comparison of long thoracic nerve (LTN) variations between
individuals with piercing versus non-piercing brachial plexuses
(BPs). Piercing LTNs are found in significantly higher association
among individuals with piercing BPs than in those with “classic” BP
anatomy (p=0.027)

scapulohumeral function, we suggest that these anatomical
relationships may be an underlying cause of some cases of
idiopathic shoulder pain. It is also crucial for clinicians to
be aware of the range of variability in the positions of these
nerves as it relates to surgical and other medical interven-
tions. Procedures such as nerve blocks, scalenectomy, or
removal of the first rib, all common treatments for thoracic
outlet syndrome (e.g., Roos 1982; Povlsen et al. 2014), could
place a variantly positioned DSN or LTN at greater risk of
iatrogenic damage. As such, it is recommended that ultra-
sonography be employed to accurately assess the positions
and pathways of the DSN and LTN for both patients with
unidentified shoulder pain and those with planned surgical
interventions in the scalene region.

The incidence of anatomical DSN and LTN entrap-
ment revealed here is far higher than that based on clini-
cal reports. The reasons for this may be two-fold. First,
not all patients with anatomical entrapment will present
with symptoms. Instead, this relationship may indicate
only a predisposition to develop DSN or LTN entrapment
symptoms. In particular, occupations requiring frequent

long-term elevation of the upper extremity may predispose
individuals to present symptoms (Akgun et al. 2008). Sec-
ond, DSN and LTN entrapment may be clinically under-
diagnosed. As a primarily motor nerve, the DSN does not
have a sensory territory. Thus, interscapular pain will arise
in association with DSN entrapment only in certain condi-
tions: (1) If the syndrome has progressed to the point in
which scapular winging occurs, the cutaneous branches
of the thoracic posterior rami adjacent to the scapula may
become stretched out, referring pain to the interscapular
region; (2) If the nerve is impinged by taut bands within
the scalene or rhomboid musculature, nerve trunk pain
may be induced, referring pain into the neck (Sultan
et al. 2013). Thus, as pain is not always concomitant with
DSN entrapment, the somatic dysfunction may go largely
unnoticed.

The LTN is composed of branches of multiple anterior
rami (typically C5—C7) that converge to form a single nerve
trunk (Moore et al. 2014). It has been noted that in some
individuals, branches of anterior rami pierce the middle
scalene muscle before joining together to form the trunk
of the LTN (e.g., Yazar et al. 2009; Nasu et al. 2012). This
anatomical arrangement leaves open the possibility of partial
LTN compression, in which some of the contributing rami
course through the scalene musculature even though the
main trunk of the LTN does not. Individuals with this pat-
tern were scored as LTN piercing variants, because at least
part of the nerve was considered to be compressed in these
cases. However, it is predicted that these individuals would
likely experience reduced severity of symptoms compared to
full LTN compression, with pain, paresthesia, and/or paresis
along only the affected dermatomes and myotomes.

While the DSN consists primarily of motor fibers, entrap-
ment of the nerve may still result in interscapular pain from
several associated complications, as noted by Sultan et al.
(2013). First, paresis (muscle weakness) of the rhomboids
may place additional physical burden on other muscles
of the pectoral girdle and back, causing muscle fatigue or
strain. Second, myofascial pain of the rhomboids may co-
occur with entrapment (Sultan et al. 2013). Third, stretch
or compression of the nocioceptors within the DSN sheath
induce increased sensitization of the nerve fibers, resulting
in nerve trunk pain (Sultan et al. 2013). Finally, resulting
muscular deformities, such as scapular winging, may result

@ Springer



74

A. A. Williams, H. F. Smith

in additional stretching of the cutaneous nerve fibers, exac-
erbating the previously described condition.

While in this study we primarily defined anatomical
entrapment as a nerve coursing through a muscle belly, as
mentioned above, not all individuals with this condition will
present with symptoms. In addition, the middle and posterior
scalene muscles were noted to adhere very closely together
in some individuals, to the point that the border between
them was virtually imperceptible. In these individuals, any
nerve passing between the middle and posterior scalenes
could also become impinged between the two muscle bel-
lies. We found that the DSN, in particular, travels this route
approximately 20% of the time, which could result in addi-
tional opportunities for nerve compression.

The results of this study revealed for the first time a sig-
nificant association between the pathway of the LTN through
the neck and the branching pattern of the BP. We found that
sides in which portions of the plexus traveled through the
scalene musculature were significantly more likely to also
possess a piercing variant of the LTN. These individuals
are therefore at higher risk of cascading symptomology. In
addition to the increased risk of thoracic outlet syndrome
caused by BP compression (Leonhard et al. 2017), they
may also exhibit a previously unrecognized predisposition
for LTN neuralgia. These compounding symptoms may fur-
ther obscure the underlying condition and render differential
diagnosis especially challenging. A follow-up study using
ultrasonography in living subjects will compare patients
with interscapular pain to those without to assess whether
those with complaints of scapular pain display a higher fre-
quency of anatomical DSN and/or LTN entrapment than the
general population.

In summary, anatomical entrapment of the DSN and LTN
both within and between the scalene musculature is com-
mon, and may be causative factors for undiagnosed presen-
tations of circumscapular pain, dorsalgia, and dysfunction
of scapulohumeral rhythm. Additionally, this study revealed
for the first time a link between the anatomical arrangement
of the BP and the occurrence of LTN entrapment. The link
between these conditions may lead to a series of cascad-
ing neurologic effects in which individuals with BPs that
pierce the scalene muscles and consequently prone to tho-
racic outlet syndrome may also suffer from an increased inci-
dence of LTN entrapment, resulting in additional symptoms
of interscapular pain and compromised shoulder mobility.
Providers evaluating patients with generalized shoulder pain
or dysfunction are recommended to evaluate the pathways
of the DSN and LTN ultrasonographically as part of their
diagnostic modalities.
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