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Cadaveric Study of the Articular Branches of the Shoulder Joint
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Background and Objectives: This cadaveric study investigated the
anatomic relationships of the articular branches of the suprascapular
(SN), axillary (AN), and lateral pectoral nerves (LPN), which are potential
targets for shoulder analgesia.

Methods: Sixteen embalmed cadavers and 1 unembalmed cadaver,
including 33 shoulders total, were dissected. Following dissections, fluoro-
scopic images were taken to propose an anatomical landmark to be used
in shoulder articular branch blockade.

Results: Thirty-three shoulders from 17 total cadavers were studied. In
a series of 16 shoulders, 16 (100%) of 16 had an intact SN branch inner-
vating the posterior head of the humerus and shoulder capsule. Supra-
scapular sensory branches coursed laterally from the spinoglenoid notch
then toward the glenohumeral joint capsule posteriorly. Axillary nerve
articular branches innervated the posterolateral head of the humerus
and shoulder capsule in the same 16 (100%) of 16 shoulders. The AN
gave branches ascending circumferentially from the quadrangular space
to the posterolateral humerus, deep to the deltoid, and inserting at the
inferior portion of the posterior joint capsule. In 4 previously dissected
and 17 distinct shoulders, intact LPNs could be identified in 14 (67%)
of 21 specimens. Of these, 12 (86%) of 14 had articular branches inner-
vating the anterior shoulder joint, and 14 (100%) of 14 LPN articular
branches were adjacent to acromial branches of the thoracoacromial
blood vessels over the superior aspect of the coracoid process.
Conclusions: Articular branches from the SN, AN, and LPN were iden-
tified. Articular branches of the SN and AN insert into the capsule overly-
ing the glenohumeral joint posteriorly. Articular branches of the LPN exist
and innervate a portion of the anterior shoulder joint.

(Reg Anesth Pain Med 2017;42: 564-570)

M ain of the shoulder. including the glenohumeral ioint (GHI).

The LPN has gained attention for chest wall and postmas-
tectomy pain'® but is underrecognized as a contributor to shoul-
der structures. Anatomical studies describe the LPN originating
from C5-7 nerve roots, supplying innervation to the skin over
the subacromial bursa,®'! muscular innervation of the pectoralis
major and deltoid muscles,” and intra-articular innervation to the
ACJP* and anterior GHJ.>*'" Innervation of the ACJ and GHJ
via articular branches of the LPN has potential for peripheral
nerve blockade,”® similar to AN and SN blocks.” 7

The AN originates from the posterior cord of the brachial
plexus, dividing into anterior and posterior branches in the qua-
drangular space.'? The nerve then innervates the deltoid muscle,
teres minor muscle, shoulder joint capsule, and inferior GHJ, with
its superior-lateral brachial cutaneous branch providing sensation
over the deltoid muscle.'!* The AN is compelling for providing
shoulder analgesia as demonstrated during preoperative blockade
for upper-extremity surgeries.

Originating from nerve roots C5—6, the SN branches off the
superior trunk of the brachial plexus, coursing through the pos-
terior triangle of the neck, and enters the suprascapular notch
and spinoglenoid notch.'* The nerve innervates the supraspi-
natus muscle and infraspinatus muscle and provides sensory
input from the lateral upper extremity, GHJ, ACJ, subacromial
bursa, coracohumeral ligament, and coracoacromial ligamerlts..15
The SN is established as a target for shoulder analgesia in
clinical practice.”%16:17

This study investigated the anatomic course of the SN, AN,
and LPN to the GHJ in cadavers. We aimed to determine the loca-
tion of terminal sensory articular branches of the shoulder and
describe associations with bone, soft tissue, and vascular land-
marks. Enhanced knowledge of terminal sensory nerve branches
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Articular Branches of the Shoulder Joint

TABLE 1. Summary of Literature Review for SN, AN, and LPN

Sample Size,

Articular Branch Innervation and Pathway

Author and Year Specimens No. Shoulders
SN
Aszmann et al.® 1996  Fresh-frozen adult cadavers 25
Ebraheim et al,'® 2011 Embalmed adult cadavers 12
Vorster et al,'” 2008  Embalmed adult cadavers 31
AN
Aszmann et al.® 1996  Fresh-frozen adult cadavers 25
Gelber etal,®® 2006  Fresh-frozen and embalmed 61
adult cadavers
Nasu et al,2l 2015 Embalmed adult cadavers 20
LPN
Akita et al,'' 2002 Unspecified cadavers 125
Aszmann et al.® 1996  Fresh-frozen adult cadavers 25
Nam et al,” 2016 Unembalmed cadavers 43

After entering suprascapular notch, the suprascapular nerve sends
lateral articular branches to the coracoclavicular ligaments

After giving off lateral articular branches to the coracoclavicular
ligaments, the nerve then gives articular branches to the
coracohumeral ligament, subacromial bursa, and posterior
AC] capsule.

After giving a muscular branch to the suprascapular m.,
the suprascapular nerve gives lateral articular branches to the
posterior joint capsule.

Articular branches came off the main suprascapular nerve after
passing through the notch to innervate the ACJ and
subacromial bursa.

After passing the suprascapular notch, the suprascapular nerve
gives an articular branch which travels superolaterally
around the base of the coracoid process then turns to run
inferomedially toward the posterior shoulder capsule.

As AN crosses the subscapular muscle, it gives articular branch
to inferior-anterior joint capsule

As AN passes through quadrangular space, it wraps laterally around
humeral neck and pierces the deltoid, and then articular branches
continue to pierce inferior glenohumeral ligament (13.11%).

After AN passes through quadrangular space, articular branches
arise from branch to teres minor (40.98%) or off main
AN trunk (24.59%).

As AN passes through quadrangular space, it wraps laterally
around humeral neck, pierces the deltoid, and then articular
branches continue medially toward humerus, ascends humerus,
pierces fascia, then continues to pierce subacromial bursa on
lateral or anterolateral shoulder (60%).

As AN leaves brachial plexus, articular branch pierces connective
tissue of the long head of the biceps tendon (40%) and then
pierces cortical bone of humerus at intertubercular sulcus (15%).

As AN passes through quadrangular space, the main trunk gives
articular branches to inferior joint capsule (75%), posterior
joint capsule from teres minor branch (15%), and posterolateral
long head of the triceps tendon from teres minor branch (15%).

The LPN gives an articular branch to the shoulder joint after
passing over the acromion.

LPN sends articular branch to coracoclavicular ligament before
piercing clavipectoral fascia.

LPN passes between coracoacromial and coracoclavicular
ligaments to innervate subacromial bursa and anterior
acromioclavicular ligament.

LPN gives an articular branch along the superomedial margin
of the deltoid muscle, along anterior coracoclavicular ligament,

and then pierces the coracoacromial ligament to enter the
shoulder joint (67.4%).

Each nerve has limited literature discussing sensory articular branches in human cadaveric models. Pathways of each nerve are described previously

according to the authors.

and Anatomy and the body donation program. Thorough dis-
sections were performed to confirm and add to the limited prior
cadaveric studies™®"" investigating the articular branches of
the GHJ.

The cadaver was placed in prone (SN and AN) or supine
(LPN) positioning, with both shoulders in internal rotation. All
cadaver specimens were embalmed while in upper-extremity

© 2017 American Society of Regional Anesthesia and Pain Medicine

internal rotation, preventing full passive range of motion of the
shoulder into anatomical external rotation.

Suprascapular Nerve

Sixteen shoulders (14 embalmed and 2 unembalmed) from 8
cadavers were examined for study of the SN. A coronal incision
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was made along the superior border of the clavicle extending from
its proximal origin to the first one-third of the shaft of the
humerus. A second incision was made vertically extending from
the proximal point of the first incision until halfway through the
thorax, passing the inferior scapular angle. The third and final
incision began at the inferior edge of the second incision, extend-
ing laterally to the midaxillary line and then connecting to the
distal point of the first incision on the humeral shaft. The skin
and superficial adipose layers were removed, exposing the entire
scapula, axilla, and deltoid muscle.

The spine and medial border of the scapula were then
palpated, and an incision was made along these 2 borders.
The infraspinatus muscle was reflected toward its origin in
the infraspinous fossa, with care taken not to disturb the neuro-
vascular bundle innervating the infraspinatus muscle. The SN
and suprascapular artery and vein were identified exiting the
spinoglenoid notch.

Axillary Nerve

Sixteen shoulders (14 embalmed and 2 unembalmed) from
the same 8 cadavers used for the SN dissections were examined
for study of the AN. A coronal incision was made along the dis-
tal tip of the acromion through one-third of the shaft of the
humerus. The skin and superficial adipose layers were removed.
The quandrangular space was identified, and excess adipose re-
moved. The investigator exposed the AN and posterior circumflex
humeral artery and vein exiting the quandrangular space. An inci-
sion was made along the superior origin of the deltoid muscle and
was carefully reflected inferiorly without damaging the fascia
between the deltoid muscle and head of the humerus.

Lateral Pectoral Nerve

Twenty-one shoulders, all embalmed, from 11 cadavers were
examined for study of the LPN. Four shoulders (2 cadavers) were
shared from the SN/AN group, whereas the remaining 17 shoul-
ders were supplied from 9 separate cadavers. Given increased
delicacy of the LPN compared with SN and AN, more specimens
were studied for LPN. With the cadaver supine, a coronal inci-
sion was made along the anterior aspect of the clavicle, beginning
with its most proximal point and ending at the first one-third of
the shaft of the humerus. A second incision was made vertically
along the sternum, extending halfway down the thorax. Starting
at the distal point of the second incision, a third transverse inci-
sion was made to extend laterally to the distal point of the first
incision at the shaft of the humerus. The skin and superficial
adipose layers were removed to expose the pectoralis major and
minor muscles, deltoid muscle, clavicle, and axilla.

An incision was made along the sternum and inferior
pectoralis major muscle to reflect the muscle superiorly, care-
ful not to disturb the underlying structures. The medial pectoral
nerve was identified piercing both pectoralis major and minor
muscles, and then the LPN was identified piercing pectoralis
major muscle. The LPN was traced back to its origin at the lateral
cord of the brachial plexus.

Part 3: Fluoroscopy

After dissections were completed, the investigators selected
a cadaveric shoulder to be evaluated under fluoroscopy. Under
fluoroscopy, anatomical landmarks, including the coracoid,
acromion, humeral head, humeral neck, and glenoid fossa,
were identified for needle placement. An 18-gauge aluminum
wire was placed on the specimen, tracing the pathway of the
SN, AN, and LPN to demonstrate relationships with nearby
anatomic structures. The fluoroscopy system was positioned

566

in an anterior-posterior (LPN) or posterior-anterior (SN and AN)
direction without any initial angular deviation in the medial,
lateral, caudal, or cephalad direction. A series of fluoroscopic
films were taken starting directly above the prone (SN and AN)
or supine (LPN) cadaver (0 degrees) and proceeding at 5-degree
increments until directly lateral to the humerus (90 degrees).

RESULTS

Cadaveric Dissection

Suprascapular Nerve

The SN was visualized in the spinoglenoid notch and identi-
fied innervating the supraspinatus and infraspinatus muscle. The
main trunk of the SN gave articular branches superiorly and
inferiorly to the spinoglenoid notch. Superiorly, these articular
branches were seen along the supraspinous fossa of the spine of
the scapula, coursing laterally toward the posterior GHJ and head
of the humerus in all specimens. The nerves were then seen pierc-
ing the fascia overlying the head of the humerus (Figs. 1A and
2A). Afier the sensory nerves branched from the main trunk of
SN superior to the spinoglenoid notch, no motor branches, other
than the proximal motor branch innervating the supraspinatus
muscle, were visualized. The SN displayed these anatomical
pathways in 16 (100%) of 16 specimens.

As the SN passed inferiorly through the spinoglenoid notch,
the main trunk proceeded medially to innervate the infraspinatus
muscle, whereas the articular branches coursed laterally in the
infraspinous fossa of the spine of the scapula toward the posterior
inferior GHJ and head of the humerus. Terminal articular nerves
were seen piercing the fascia overlying the head of the humerus
in 100% of the specimens.

The suprascapular artery and vein were identified passing
through the spinoglenoid notch. However, branches of the artery
and vein did not appear to be associated with the terminal articular
sensory branches described in the supraspinous and infraspinous
fossae of the spine of the scapula. Rather, these vessels appeared
to accompany the motor branches innervating the supraspinatus
and infraspinatus mm.

Axillary Nerve

After the AN was identified exiting the quadrangular space,
its branches were followed until termination. Two motor branches
came off the main trunk of the AN immediately distal to the qua-
drangular space and innervated the deltoid and teres minor mus-
cle. The teres minor muscle branch appeared to have only motor
innervation with all terminal branches piercing the muscle. The
branch innervating the deltoid muscle coursed laterally around
the head of the humerus, with the larger branch piercing the del-
toid muscle adjacent to the lateral aspect of the humerus. Just
proximally to the point of piercing the deltoid muscle, the larger
branch gave off multiple smaller articular branches medially back
toward the head of the humerus to innervate the posterior and lat-
eral overlying fascia (Figs. 1B and 2B). These anatomic pathways
were observed in 16 (100%) of 16 specimens.

The posterior humeral circumflex artery and vein were iden-
tified in the quadrangular space next to the main trunk of the AN.
However, the artery and vein did not accompany terminal articu-
lating sensory branches in any of the specimens.

Lateral Pectoral Nerve

Twenty-one intact shoulder girdles were evaluated for suit-
ability of dissection. In 14 of these, tissue integrity was amena-
ble to identification of the LPN. In 12 (86%) of these 14 shoulder
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FIGURE 2. Medical illustrations depicting the anatomic course of SN (A), AN (B), and LPN (C). A, The SN exiting the spinoglenoid notch.
A motor branch immediately innervates infraspinatus, whereas the sensory branch travels laterally in the infraspinous fossa to innervate the
humeral head and shoulder capsule. B, The AN exiting the quadrangular space, wrapping laterally to innervate the deltoid muscle and then
continuing to provide pure sensory innervation to the posterior-lateral humeral head and shoulder capsule. C, The LPN branching from the
upper trunk of the brachial plexus to innervate the pectoralis major muscle with a motor branch. A pure sensory branch of LPN then continues

superior to the acromial branch of the thoracoacromial artery to innervate the anterior superior GH| and coracoacromial ligament.

glenoid fossa, acromion, humeral head, and humeral neck al-
low for reliable identification of these zones.

Axillary Nerve

This study identified terminal articular branches ofthe AN in
all 16 shoulder specimens studied. In all specimens, the AN gave

568

terminal articular branches distal to teres minor and deltoid motor
branches. These terminal articular branches were oriented in an
inferior-superior (teres minor muscle) or lateral-medial (deltoid
muscle) direction to innervate the fascia of the humeral head and
neck, inferior GHI, and inferior-posterior shoulder joint capsule
in all specimens. This anatomic pattern is similar to previous
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FIGURE 3. Fluoroscopy photographs of SN (A), AN (B), and LPN (C). A, Left shoulder, prone positioning. The sensory articular branches of
SN travel laterally after exiting spinoglenoid notch and innervating the posterior shoulder capsule. The HH and GH] are clearly seen under
fluoroscopy. B, Right shoulder, prone positioning. The sensory articular branches of AN branch from the main AN trunk after providing
motor innervation to the deltoid and then travel medially toward the HH. HH is clearly seen under fluoroscopy. C, Right shoulder, supine
positioning. The LPN articular branches travel laterally inferior to the AC and CL and lateral to CP. CP, CL, AC, and HH are clearly seen
under fluoroscopy. HH, humeral head; CL, clavicle; L, lateral; M, medial; CP, coracoid process; AC, acromion process.

studies,?%2! but with more consistency. In addition, this study
evaluated motor branches of the AN and their relationship to
the pure sensory articular branches. In all specimens, the terminal
articular branches provided pure sensory innervation and did not
have any motor contributions. These sensory fibers were in clearly
distinct anatomic regions, zones 2A and 3A, compared with their
proximal motor counterparts, zones 1B and 2B (Fig. 4).

This study confirmed the existence of these terminal sensory
articular branches of AN. The investigation of the anatomic rela-
tionship between sensory articular branches and motor branches
of the AN was previously not described. The glenoid fossa,
acromion, humeral head, and humeral neck would be ideal ana-
tomic landmarks in fluoroscopy examinations as demonstrated
in this study.

ANTERIOR VIEW
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== Motor
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Lateral Pectoral Nerve

The anatomic course of the articular branches described in
this study was similar to that in the study of Aszmann et al® and
is summarized in Table 1. Further studies could focus on ability
to identify acromial and possibly deltoid branches of the thora-
coacromial artery with ultrasound and using those vessels as an
anatomic reference to find and block the articular branches of
LPN to the shoulder joint. The LPN articular branch appears to
have a branch to the clavicle, acromion joint, subacromial bursa,
and occasional muscular branch to the deltoid. The LPN may
have another branch, often separate from the articular branch,
innervating the subclavius muscle. Statistical analysis of these
LPN branches and variants was beyond the scope of this study.

POSTERIOR VIEW
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¥ 2uoZ
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Fwassnnnlys

FIGURE 4. Medical illustrations depicting anatomic safe zones. Anterior view: zones 1 and 2 are bisected by the proximal end of the coracoid
process. Zones 2 and 3 are bisected by the distal end of the coracoid process. Zones A and B are bisected by the inferior border of the
coracoid process. Possible safe zones for sensory branch intervention are 2A and 3A. Posterior view: zones 1 and 2 are bisected by the GHJ.
Zones 2 and 3 are bisected by the medial-lateral plane of the humeral head. Zones A and B are bisected by the inferior pole of the GHJ and
the surgical head of the humerus. Zones 2A and 3A are possible safe areas for sensory branch intervention.
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The LPN articular branches in the anterior view are located
in zones 2A and 3A as seen in Figure 4. Relevant landmarks are
the acromion, coracoid process, GHI, and acromial branch of
thoracoacromial artery. In agreement with findings by Nam et al,
the superior and distal aspect of the coracoid process appears
to be a reasonable area to target the pure sensory portions of
the LPN.

CONCLUSIONS

This cadaveric study confirmed prior studies' results, which
showed existence of SN, AN, and LPN articular branches. Supra-
scapular nerve sends additional articular branches posteriorly from
a medial-lateral direction over the head of the humerus. Axil-
lary nerve posteriorly sends articular branches from an inferior-
superior and lateral-medial direction. The LPN branches course
in a superior-lateral direction adjacent to thoracoacromial vessels
across the superior aspect of the coracoid process and then de-
scends into the anterior-superior GHJ.

Limitations to this study include small sample size and dimin-
ished tissue integrity in a few specimens (LPN group). Larger
cadaveric studies investigating the full length of the nerves' origin,
variations, and commonality of branches to the subacromial re-
gion, deltoid muscle, ACIJ, and GHJ should be undertaken. Val-
idation and clinical prospective study are needed to establish
the precision, safety, and effectiveness of SN, AN, and LPN artic-
ular blockade for shoulder pain.
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