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Compression of the dorsal scapular nerve (DSN) is associated with pain in the upper extremity and back. Even though entrapment
of the DSN within the middle scalene muscle is typically the primary cause of pain, it is still easily missed during diagnosis. The
purpose of this study was to document theDSN’s anatomy andmeasure the oblique course it takes with regard to themiddle scalene
muscle. From 20 embalmed adult cadavers, 23 DSNs were documented regarding the nerve’s spinal root origin, anatomical route,
and muscular innervations. A transverse plane through the laryngeal prominence was established to measure the distance of the
DSN from this plane as it enters, crosses, and exits the middle scalene muscle. Approximately 70% of the DSNs originated from C5,
with 74% piercing themiddle scalenemuscle. About 48% of theDSNs supplied the levator scapulaemuscle only and 52% innervated
both the levator scapulae and rhomboid muscles.The average distances from a transverse plane at the laryngeal prominence where
the DSN entered, crossed, and exited the middle scalene muscle were 1.50 cm, 1.79 cm, and 2.08 cm, respectively. Our goal is to help
improve clinicians’ ability to locate the site of DSN entrapment so that appropriate management can be implemented.

1. Introduction

In standard anatomical textbooks and atlases, the dorsal
scapular nerve (DSN) is documented as a motor nerve orig-
inating from the ventral ramus of spinal nerve root C5, from
the superior trunk of the brachial plexus [1–4]. In addition
to C5, various texts have also documented the DSN to occa-
sionally receive contributions from C4 [5–9]. This nerve typ-
ically pierces the middle scalene muscle and travels postero-
inferiorly to innervate the levator scapulae, rhomboid minor,
and rhomboid major muscles [6–11]. Collectively, these mus-
cles function to elevate and retract the scapula [4–6].

In contrast, several anatomical studies in the primary
literature indicated that the spinal root origins and muscle
innervations of the DSN may vary. One study found that
the DSN not only receives contribution from C5 but also
may receive variable contributions anywhere fromC4-T1 [12].
Ballesteros’ and Ramirez’s study found that nearly 48% of the
DSNs originated fromC5 whereas approximately 30% shared
a trunk with the long thoracic nerve [13]. Lee et al. (1992)
reported that nearly 25%of theDSNs in their study originated
from other spinal nerve roots aside from C5 [14] whereas

Tubbs et al. (2005) reported that 95% of the DSNs originated
from C5 and 5% branched from C5 and C6 [10]. A recent
study by Shilal et al. (2015) also documented that the DSN
arose from C5 and C6 and receives communications with the
long thoracic nerve [15]. In addition, there are varying reports
regarding the muscles that DSN innervates. For example, one
case study from Japan reported that the DSN innervated the
serratus posterior superior muscle [16]. In a study by Frank et
al. (1997), they reported that the DSN innervated the levator
scapulae muscle in only 11 out of 35 neck specimens [17].

The entrapment of the DSN is often located at the middle
scalene muscle, because the nerve often pierces this muscle
[18]. This nerve impingement or entrapment often leads to
pain in the upper extremity and back. Patients typically expe-
rience sharp or aching pain along the medial border of their
scapula that can radiate to the lateral aspect of their arm
and forearm [19]. In addition, patients also report pain in
their neck and back, as well as dysfunction of their shoulders
[12]. Occupations which involve raising the arms over long
periods of time, such as painters and electricians, make these
particular individuals more likely to develop DSN entrap-
ment [20]. There are also reports of DSN injury among
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athletes [21]. For example, Jerosch et al. (1990) reported that,
along with injury to the long thoracic nerve, the DSN was
also injured as a result of an anterior shoulder dislocation
during judo [22]. Another report described an isolated DSN
entrapment in a body builder using anabolic steroids. It was
thought that the middle scalene muscle was injured due to
repetitive stretching during exercises of neck flexion and
forceful repetitive shoulder shrugging [23]. Lastly, concurrent
with injury to the suprascapular nerve, the DSN was also
injured in two sibling volleyball players. According to Ravin-
dran, the brother and sister were active volleyball players for
over 6 years and interestingly had almost identical symptoms
in that both developed right shoulder and scapular pain with
particular wasting of the right infraspinatus muscles. Both
siblings also had mild winging of the right scapula with
weakness of the rhomboid muscles [24]. In addition to these
DSN injuries in sports, there are also case reports in which a
lesion to or neuropathy of the DSN caused scapular winging
[20, 25]. Because the DSN branches from the brachial plexus,
clinicians often describe the impingement of this nerve as
contributing to thoracic outlet syndrome (TOS). Specifically,
the impingement of the DSN affects the interscalene space
in TOS [12, 26, 27]. Meaningful epidemiological figures of
this syndrome are difficult to obtain due to debate among
clinicians with regard to the exact definition, diagnosis, and
treatment of TOS [28]. As a result, some experts believe
that TOS may be underdiagnosed or misdiagnosed [29–31].
The incidence of TOS has been broadly estimated to range
from 0.3% to 8% in the US population [28, 32] and the most
commonly affected age range is between 20 and 50 years [30].

Current treatments used by clinicians in relieving patients
from DSN entrapment may involve either conservative
and/or surgical treatments. Conservative treatments beyond
physical rehabilitation may involve administering a local
nerve block injection, which is commonly guided via ultra-
sound, in order to relieve patients of their symptoms [27, 33,
34]. It is very important for health care providers to have good
working knowledge of the area around the scalene muscles
in the neck, especially if they are going to apply nerve block
injections in this area.Theymust be aware of other important
neurological structures such as the roots and trunks of the
brachial plexus and the phrenic nerve. Surgical treatment for
DSN entrapment typically involves lesion of the muscle that
is impinging the DSN, most often the middle scalene muscle
[12]. In either case, it is important for clinicians to be mindful
of the location and route of this nerve as it passes anterior,
through, or posterior to the middle scalene muscle.

The purpose of this study is to undertake amore extensive
investigation and description of the anatomy of the DSN in
order to gain a better understanding of the spinal root origins,
anatomical route, andmuscular innervations of this nerve. In
addition, we created a model of the DSN’s path in relation
to the middle scalene muscle by using measurements estab-
lished at the transverse plane of the laryngeal prominence.
The measurements for the DSNs in this study will assist
clinicians with efficiency in pinpointing the surface location
of this nerve in their patients for the purpose of diagnosis and
treatment of possible nerve entrapment.

2. Materials and Methods

The dorsal scapular nerve was dissected and examined in 20
embalmed adult cadavers (12 females and 8 males) obtained
through the Willed Body Program, Center for Anatomical
Sciences, at the University of North Texas Health Science
Center (UNTHSC) in Fort Worth, Texas. The age of the
donors span from 52 to 93 years with a mean age of 75
years. The self-reported ethnicities of the donors are (95%)
Caucasian and (5%) African American. The cadavers are
individually wrapped in cotton shrouds with Maryland State
Wetting agent (Hydrol Chemical Company, Yeadon, PA) and
are stored in metal tanks located in the UNTHSC Gross
Anatomy Laboratory.

The cadavers used in this project were initially dissected
by first-year medical students enrolled in the school’s gross
anatomy course. Once the medical students were finished
with their dissections, the final preparation of the cadavers
for this study began. The sternocleidomastoid muscles were
detached from their origin and reflected laterally. The supe-
rior trunk of the brachial plexus (C5 and C6) was identified
between the anterior and middle scalene muscles and any
fascia overlying these muscles was removed. The DSN was
first identified in relation to the scalenemuscles, and then the
route to the muscles that it innervates was traced. If the DSN
or the scalene muscles on the cadaver were damaged (left or
right side), then the DSN data on that side was excluded from
the study. The majority of the DSN dissection in this study
remained intact on the left side of the neck region compared
to the right one. On the right side of the neck, an incision
was made to access vasculature for the embalming of our
cadavers. Therefore, important structures such as the scalene
muscles and the DSN were often damaged on that side.

A transverse plane through the laryngeal prominencewas
established using a 90∘ angle ruler to create a reference site
for three points of measurement to document the oblique
route the DSN takes in relation to the middle scalene muscle.
The points were derived measuring the distance of the DSN
from this transverse plane as the nerve enters, crosses, and
exits the middle scalene muscle. The point at which the
DSN “enters” the middle scalene muscle is defined as where
the nerve initially contacts the medial border of the middle
scalene muscle. The point at which the DSN “exits” the
middle scalene muscle is defined as where the nerve contacts
the lateral border of the middle scalene muscle. Finally, the
point where the DSN “crosses” the middle scalene muscle
is defined as the midpoint where the nerve contacts the
medial (enters) and lateral (exits) border of themuscle. Yellow
pins were placed to delineate the transverse plane (white
dashed lines) of the laryngeal prominence (Figure 1(a)). The
distances of the DSN from this plane as it enters, crosses,
and exits the middle scalene muscle were measured using
an electronic sliding caliper (Mitutoyo Corp.); three repeated
measurements were made for each observation from this
plane (Figure 1(b)). Average values and standard deviations
were calculated from thesemeasurements. In order to test the
reliability (consistency) of these measurements, Cronbach’s
alpha test was conducted through the Statistical Package
for Social Sciences (SPSS) software (IBM Corp. 2015. IBM
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Figure 1: (a) A 90∘ angle ruler was placed directly on top of the laryngeal prominence creating a transverse plane as denoted by the yellow
pins. The DSN branches from C5 and pierces the middle scalene muscle. (b) An electronic sliding caliper was used to measure the distances
(cm) from the transverse plane (white dashed line) of the laryngeal prominence to the DSN as it enters the middle scalene muscle (green
pin), crosses this muscle (blue pin), and exits the middle scalene muscle (orange pin). SCM is sternocleidomastoid muscle.

Table 1: Variation in the spinal roots and innervations of the DSN.

𝑁 and percentage
Origin
C4 5 (22%)
C5 16 (70%)
C6 2 (8%)
Route
Anterior to middle scalene m. 3 (13%)
Piercing middle scalene m. 17 (74%)
Posterior to middle scalene m. 3 (13%)
Muscles innervated
Levator scapulae m. only 11 (48%)
Levator scapulae m. & rhomboid mm. 12 (52%)
Total𝑁 23
Cadaver number (𝑁) and percentage for specific spinal root origins, route,
and muscles innervated for the DSN.

SPSS Statistics forWindows, Version 23.0, Armonk, NY: IBM
Corp.). Dissection images were taken with a digital camera
(Nikon Coolpix AW110).

3. Results

The DSN was dissected from 20 embalmed adult cadavers
that were previously dissected by first-year medical students
for classroom study. From these 20 cadavers, a total of 23
DSNs were examined. As indicated in Table 1, 70% of the
DSNs originated from the spinal nerve roots of C5, whereas
22% arose from C4 and 8% from C6. With regard to the
route of the DSN in relation to the middle scalene muscle,
74% pierced the muscle, whereas 13% of the DSNs traveled
anterior to the middle scalene muscle, and 13% traveled
posterior to the muscle. In addition, we observed that 52%

of the DSNs provided innervation to the levator scapulae,
rhomboid minor, and rhomboid major muscles combined.
Furthermore, we observed that, in 48% of the cadavers
in our study, the DSN supplied only the levator scapulae
muscle. Figures 2(a) and 2(b) are examples of a dissection
of the DSN followed from its spinal root origins, anatomical
route in relation to the middle scalene muscle, and muscular
innervations in a 90-year-old female cadaver in the supine
and prone position, respectively.

Measurements were taken of the DSN as it courses
obliquely from the medial to lateral border of the middle
scalene muscles. From the transverse plane of the laryngeal
prominence, the mean distance at which the DSN enters
(medial border) the middle scalene muscle was 1.50 cm with
a standard deviation of 0.88 cm; the DSN crosses (midpoint)
the middle scalene muscle at 1.79 cm (±0.89 cm) and exits
(lateral border) this muscle at a mean distance of 2.08 cm
(±0.96 cm). These mean values and standard deviations were
calculated from the 23 DSNs dissected and documented
in this study (𝑁 = 23). Cronbach’s alpha value was
0.999 which indicates very high consistency of the triplicate
measurements conducted in this study.

4. Discussion

In this study, we report the percentage of cases in which
the spinal root of the DSN arose from C5 (70%) to be very
similar to that reported by Lee et al. (1992) where the DSN
arose from C5 approximately 75.8%. Similar to our data,
almost 25% of the DSNs in that study originated from spinal
root origins other than C5, such as from the superior trunk
of the brachial plexus (C5 and C6), C4 and C5, and C6
alone [14]. In terms of the muscular innervations, almost
half of the DSNs in our study supplied the levator scapulae
muscles only. Interestingly, Frank et al. (1997) reported that
although the DSN consistently pierced the middle scalene
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Figure 2: (a) An anterolateral view of the right neck region of a 90-year-old female cadaver in the supine position.TheDSN branches fromC4
and pierces the middle scalene muscle. (b) In the prone position, the DSN travels posteroinferiorly after piercing the middle scalene muscle
to supply the levator scapulae, rhomboid minor, and rhomboid major muscles.The rhomboid muscles are reflected laterally from their origin
to show the route of the DSN.

muscle, the muscular innervations of this nerve were highly
variable. Their study documented that the DSN innervated
the levator scapulae in only 11 out of 35 neck specimens
[17]. These reports and our current data suggest that the
anatomy of the DSN is variable and may be a possible reason
in which clinicians often overlook the impingement of this
nerve during differential back diagnosis [18].

5. Conclusion

Our research will assist clinicians in becoming aware of
potential variations in the overall anatomy of the DSN in
terms of its spinal root origins, anatomical route, and mus-
cular innervations. No prior study has measured the oblique
route of the DSN as it crosses the middle scalene muscle
relative to the transverse plane of the laryngeal prominence.
For future studies, these measurements will allow us to
evaluate the surface projection of the DSN relative to its
typical site of impingement (themiddle scalenemuscle) while
using the transverse plane of the laryngeal prominence as
a reference point. The long-term goal of this study is to
provide data to assist clinicians and therapists to accurately
and efficiently pinpoint the location of this nerve in patients
with possible DSN impingement.

Competing Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

The authors thank the selfless gifts made by body donors to
the Willed Body Program, Center for Anatomical Sciences
at the University of North Texas Health Science Center in
FortWorth.This researchwould not be possible without their
generosity.

References

[1] R. S. Snell, Clinical Anatomy, Lippincott Williams & Wilkins,
Philadelphia, Pa, USA, 7th edition, 2004.

[2] R. L. Drake, A. Wayne Vogl, and A. W. M. Mitchell, Gray’s
Anatomy for Students, Churchill Livingstone/Elsevier, Philadel-
phia, Pa, USA, 3rd edition, 2015.

[3] G. W. Jenkins and G. J. Tortora, Anatomy and Physiology: From
Science to Life, John Wiley & Sons, Hoboken, NJ, USA, 3rd
edition, 2013.

[4] F. H. Netter, Atlas of Human Anatomy, Saunders/Elsevier,
Philadelphia, Pa, USA, 6th edition, 2014.

[5] J. T. Hansen and F. H. Netter, Netter’s Clinical Anatomy,
Saunders/Elsevier, Philadelphia, Pa, USA, 2nd edition, 2010.

[6] K. L. Moore, A. F. Dalley, and A. M. R. Agur, Clinically Ori-
ented Anatomy, Wolters Kluwer/LippincottWilliams &Wilkins
Health, Philadelphia, Pa, USA, 7th edition, 2014.

[7] A. M. Gilroy, Anatomy: An Essential Textbook: Latin Nomencla-
ture, Thieme, New York, NY, USA, 2016.

[8] A. M. Gilroy, B. R. MacPherson, L. M. Ross, M. Schuenke, E.
Schulte, andU. Schumacher,Atlas of Anatomy, vol. 3rd,Thieme,
New York, NY, USA, 2016.

[9] K. P. Moses,Atlas of Clinical Gross Anatomy, Elsevier/Saunders,
Philadelphia, Pa, USA, 2nd edition, 2013.

[10] R. S. Tubbs, E. C. Tyler-Kabara, A. C. Aikens et al., “Surgical
anatomy of the dorsal scapular nerve,” Journal of Neurosurgery,
vol. 102, no. 5, pp. 910–911, 2005.

[11] K. W. Chung, H. M. Chung, and N. L. Halliday, Gross Anatomy,
Board Review Series, Wolters Kluwer Health, Philadelphia, Pa,
USA, 8th edition, 2015.

[12] D.Chen, Y.Gu, J. Lao, andL.Chen, “Dorsal scapular nerve com-
pression. Atypical thoracic outlet syndrome,” Chinese Medical
Journal, vol. 108, no. 8, pp. 582–585, 1995.

[13] L. E. Ballesteros and L. M. Ramirez, “Variations of the origin
of collateral branches emerging from the posterior aspect of the
brachial plexus,” Journal of Brachial Plexus and Peripheral Nerve
Injury, vol. 2, article 14, 2007.

[14] H. Y. Lee, I. H. Chung, W. S. Sir et al., “Variations of the ventral
rami of the brachial plexus,” Journal of Korean Medical Science,
vol. 7, no. 1, pp. 19–24, 1992.



Anatomy Research International 5

[15] P. Shilal, R. K. Sarda, K. Chhetri, P. Lama, and B. K. Tamang,
“Aberrant dual origin of the dorsal scapular nerve and its
communication with long thoracic nerve: an unusual variation
of the brachial plexus,” Journal of Clinical and Diagnostic
Research, vol. 9, no. 6, pp. AD01–AD02, 2015.

[16] M. Y. Kida andM. Tani, “The human superior posterior serratus
muscle supplied by both the intercostal and dorsal scapular
nerves,” Kaibogaku Zasshi, vol. 68, no. 2, pp. 162–168, 1993.

[17] D. K. Frank, E. Wenk, J. C. Stern, R. D. Gottlieb, and A. L.
Moscatello, “A cadaveric study of themotor nerves to the levator
scapulae muscle,”Otolaryngology—Head and Neck Surgery, vol.
117, no. 6, pp. 671–680, 1997.

[18] H. E. Sultan and G. A. Younis El-Tantawi, “Role of dorsal
scapular nerve entrapment in unilateral interscapular pain,”
Archives of Physical Medicine and Rehabilitation, vol. 94, no. 6,
pp. 1118–1125, 2013.

[19] K. K. Nakano, “The entrapment neuropathies,” Muscle and
Nerve, vol. 1, no. 4, pp. 264–279, 1978.

[20] K. Akgun, I. Aktas, and Y. Terzi, “Winged scapula caused by a
dorsal scapular nerve lesion: a case report,” Archives of Physical
Medicine and Rehabilitation, vol. 89, no. 10, pp. 2017–2020, 2008.

[21] V. Akuthota and S. A. Herring, Nerve and Vascular Injuries in
Sports Medicine, Springer, New York, NY, USA, 2009.

[22] J. Jerosch, W. H. M. Castro, and B. Geske, “Damage of the
long thoracic and dorsal scapular nerve after traumatic shoulder
dislocation: case report and review of the literature,” Acta
Orthopaedica Belgica, vol. 56, no. 3-4, pp. 625–627, 1990.

[23] M. Mondelli, R. Cioni, and A. Federico, “Rare mononeu-
ropathies of the upper limb in bodybuilders,”Muscle and Nerve,
vol. 21, no. 6, pp. 809–812, 1998.

[24] M. Ravindran, “Two cases of suprascapular neuropathy in a
family,” British Journal of Sports Medicine, vol. 37, no. 6, pp. 539–
541, 2003.

[25] A. A. Argyriou, P. Karanasios, A. Makridou, and N. Makris,
“Dorsal scapular neuropathy causing rhomboids palsy and
scapular winging,” Journal of Back andMusculoskeletal Rehabil-
itation, vol. 28, no. 4, pp. 883–885, 2015.

[26] A. P. Boezaart, A. Haller, S. Laduzenski, V. B. Koyyalamudi,
B. Ihnatsenka, and T. Wright, “Neurogenic thoracic outlet syn-
drome: a case report and review of the literature,” International
Journal of Shoulder Surgery, vol. 4, no. 2, pp. 27–35, 2010.

[27] A. Saporito, “Dorsal scapular nerve injury: a complication
of ultrasound-guided interscalene block,” British Journal of
Anaesthesia, vol. 111, no. 5, pp. 840–841, 2013.

[28] J. H. Huang, E. L. Zager, J. E. McGillicuddy, E. C. Benzel,
P. D. Adelson, and D. G. Kline, “Thoracic outlet syndrome,”
Neurosurgery, vol. 55, no. 4, pp. 897–903, 2004.

[29] A. C. Cuetter and D. M. Bartoszek, “The thoracic outlet
syndrome: controversies, overdiagnosis, overtreatment, and
recommendations for management,” Muscle & Nerve, vol. 12,
no. 5, pp. 410–419, 1989.

[30] T. L. Hooper, J. Denton, M. K. McGalliard, J.-M. Brismée, and
P. S. Sizer Jr., “Thoracic outlet syndrome: a controversial clinical
condition. Part 1: anatomy, and clinical examination/diagnosis,”
Journal of Manual and Manipulative Therapy, vol. 18, no. 2, pp.
74–83, 2010.

[31] R. J. Sanders, S. L. Hammond, and N. M. Rao, “Diagnosis of
thoracic outlet syndrome,” Journal of Vascular Surgery, vol. 46,
no. 3, pp. 601–604, 2007.

[32] V. Leonhard, R. Smith, G. Caldwell, and H. F. Smith, “Anatom-
ical variations in the brachial plexus roots: implications for

diagnosis of neurogenic thoracic outlet syndrome,” Annals of
Anatomy, 2016.

[33] D. B. Auyong and A. A. Cabbabe, “Selective blockade of the
dorsal scapular nerve for scapula surgery,” Journal of Clinical
Anesthesia, vol. 26, no. 8, pp. 684–687, 2014.

[34] D. Burckett-St Laurent, V. Chan, and K. J. Chin, “Refining
the ultrasound-guided interscalene brachial plexus block: the
superior trunk approach,” Canadian Journal of Anesthesia, vol.
61, no. 12, pp. 1098–1102, 2014.



Submit your manuscripts at
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Anatomy 
Research International

Peptides
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation 
http://www.hindawi.com

 International Journal of

Volume 2014

Zoology

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Molecular Biology 
International 

Genomics
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Bioinformatics
Advances in

Marine Biology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Signal Transduction
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Evolutionary Biology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Biochemistry 
Research International

Archaea
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Genetics 
Research International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Advances in

Virolog y

Hindawi Publishing Corporation
http://www.hindawi.com

Nucleic Acids
Journal of

Volume 2014

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Enzyme 
Research

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

International Journal of

Microbiology


