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Abstract: Shoulder pain is a common musculoskeletal disorder of variable etiology, ranging
from rotator cuff pathology to peripheral nerve entrapment. Advances in ultrasound (US) tech-
nology have allowed static and dynamic evaluation of shoulder problems and most importantly,
offer real-time, radiation-free guidance for interventions. The present review aims to describe
shoulder anatomy in detail using information from cadaveric models and to illustrate US-guided
techniques using clearly labeled figures and videos. The review will also present evidence of
specific US-guided therapies for shoulder pain by summarizing landmark studies, systematic
reviews, and meta-analyses. The following shoulder structures will be covered: 1) the biceps
long head tendon, 2) the acromioclavicular joint, 3) the subacromial-subdeltoid bursa, 4) the
glenohumeral joint, 5) the suprascapular nerve, and 6) the axillary nerve.
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Introduction

Shoulder pain is a common musculoskeletal disorder, with a lifetime prevalence of
6.7%—-66.7% in the general populatioFhe causes of chronic shoulder pain are vari-
able, ranging from rotator cuff pathology to peripheral nerve entragi&dtances in
ultrasound (US) technology allow static and dynamic evaluation of shoulder problems
and offer real-time, radiation-free guidance for therapeutic interverttitims.main
philosophy behind these interventions starts with “seeing is believing” and continues
with “once seen, can be accessed.” Undoubtedly, US guidance provides an additional
margin of safety for interventional techniques. Depending on target localization, phy-
sicians can easily select the technique of needle insertion and thereby avoid injury to
nearby structures. It is important to consider that US guidance for interventions should
not be considered as precise targeting alone; it offers comprehensive guidance for the
treatment process starting with clinical decision making.

A successful intervention for complicated shoulder pathology should be based on famil-
iarization with the three-dimensional regional anatomy, US-guided injection techniques, and
evidence of therapeutic effectiveness. The present review aims to describe shoulder anatomy
in detail using information from cadaveric models and illustrates US-guided techniques
using clearly labeled figures and videos. The evidence for specific US-guided therapies
for shoulder pain is also presented by summarizing landmark studies, systematic reviews,
and meta-analyses. We aim to focus on the following target structures: 1) the long head
of the biceps tendon, 2) the acromioclavicular (AC) joint, 3) the subacromial-subdeltoid
bursa, 4) the glenohumeral joint, 5) the suprascapular nerve, and 6) the axillary nerve.
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Long head of the biceps tendon tendon is enveloped by the biceps tendon sheath, which is
Anatomy an extension of the synovial sheath of the glenohumeral

The biceps brachii muscle has two proximal tendons. THNt: The tendon is supplied by the ascending branch of
long head tendon originates from the supraglenoid tuberdft® anterior circumflex humeral artefry.

of the scapula, while the short head tendon is attached

to the coracoid process (Figure 1A). Because the pro>us imaging and guided injection

mal long head tendon courses through the glenohumetﬁchnique

joint, it has an intimate association with the rotator cuft the level of the intertubercular groove

tendon pathology, and it is more likely to cause pain tharhe patient is seated with the arm in neutral position by the
the short head tendon. After the long head tendon leav@de. External rotation of the arm allows the intertubercular
the superior labrum, it runs in the rotator cuff intervalgroove to face more anterolaterally. The transducer is placed
a space bordered by the subscapularis tendon anteriohigrizontally, lateral to the coracoid process. The long head
supraspinatus tendon posteriorly, coracohumeral ligamdehdon can be visualized in the bicipital groove between
superiorly, and superior glenohumeral ligament inferibrlythe greater and lesser tuberosities of the humeral®hgad.
Once the tendon exits the rotator cuff interval, it passésseen underneath the transverse humeral ligament, which
into the bicipital groove on the humeral head, betweeppears as a hyperechoic linear structure bridging the two
the lesser tuberosity medially and the greater tuberosigorementioned tuberosities. On the power Doppler mode, the
laterally. At the groove level, the tendon is stabilized bgscending branch of the anterior circumflex humeral artery
the transverse humeral ligament, an extension of the fibeen be enhanced at the lateral aspect of the bicipital groove
of the subscapularis tendon. The long head of the bicegusd can easily be avoided during injection.

Humnens

Figure | Ultrasound guided injection for the long head of the biceps tendon

Notes: (A) Cadaver models of the biceps long head tendon. The biceps tendon (asterisk) is covered by the transverse humeral ligament (white arrowheads) in the
intertubercular groove level (left image). The biceps tendon is below the coracohumeral ligament (black arrowheads) and the glenohumeral capsule (dashed line) in the
rotator cuff interval level (right image). (B) US-guided in-plane approach to target the tendon in short axis at the intertubercular groove level. Red arrowhead shows
ascending branch of the anterior humeral circumflex artery. White arrowheads indicate the transverse humeral ligament. (C) US-guided in-plane approach to target the
tendon in long axis at the intertubercular groove level. (D) US-guided in-plane approach to target the tendon in short axis at the rotator cuff interval level. Diamonds
show the hyaline cartilage. Yellow dashed arrow: the needle trajectory. Asterisks indicate the long head of the biceps tendon. Black arrowheads indicate the coracohumeral
ligament. The dashed line indicates the glenohumeral capsule.
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During injection to the short-axis of the tendon, it is rec¢endon, the main concern is the timing of this intervention.
ommended to position the target in the lateral one-third @hang et al found that bicipital peritendinous effusion and
the screen. This can effectively shorten the needle trajectdrigeps tendon morphology were related to various types of
through the deltoid muscle. The needle is then introduceotator cuff pathology and might also be a consequence of
from lateral to medial by an in-plane approach at an obliqeebacromial impingeme#t:*® Furthermore, another study
angle of 30—45 degrees. After piercing the transverse humapainted out that shoulder pathology manifesting as pain on
ligament, the needle reaches the biceps tendon sheath.tlBy bicipital groove was more likely to show higher power
slow injection, a gradual distention can be observed, withoppler signals near the lesser tuberdsitherefore, the
the tendon surrounded by the injectate, described as thecision to perform biceps tendon injection should be based
“doughnut sign,” indicating a successful intrasheath injectiaon both clinical findings and ultrasonographic imaging.
(Figure 1B\Video S1).

Alternatively, the tendon can be injected along its londAC joint
axis. First, the patient should be either supine or in the sittimnatomy

position. The transducer is placed in the sagittal plane in limge AC joint is a diarthrodial joint that connects the clavicle
with the long axis of the tendon. The needle is then advancgs the acromion. It is reinforced by a capsule with synovial
by an in-plane approach from caudal to cranial (Figure 1¢ning and has articular cartilage at the bone ends (Figure 2A,
Video S1). It is recommended to place the needle tip jus}. The joint capsule is formed by four AC ligaments - ante-
above the superficial portion of the tendon. This is to aVO.N:br, posterior' Superior, and inferior; the Superior |igament
misplacement of the needle inside the subdeltoid bursa thatonsidered to be thicker than the othé¥There is usu-

is located underneath the deltoid muscle and overlies thy an articular disc interposed between the clavicular and

transverse humeral ligament. acromial ends, which undergoes significant degeneration after
the age of 40 yeat8The AC joint plays a substantial role
Rotator cuff interval level in the maintenance of horizontal stability during shoulder

The patient is seated with the arm internally rotated anggovements.

extended with the volar side of the hand placed on the but-

tock. The transducer is first positioned on the bicipital groowdS imaging and guided injection technique

and moved cranially until the long head tendon is interposdthe patient is seated with the arm hanging by the side. The
between the subscapularis tendon anteriorly and the supederal edge of the clavicle can easily be palpated; the gap
spinatus tendon posteriorly. The needle is then introducadjacent to the lateral end of the clavicle is the AC joint space.
from lateral to medial by an in-plane approach, targeting tfde transducer is placed in the coronal plane, bridging the
tendon underneath the coracohumeral ligament (Figure 1jbint. The superior AC ligament can be seen as a hyperechoic
Video S1)° Compared with biceps tendon injection at théibrillary arc demarcating the superior joint capsule, and a

intertubercular groove level, more injectate may flow baakeniscus-like disc is visualized between the acromial and

to the glenohumeral joint, rendering this technique suitabtdavicular ends.

for patients with concomitant adhesive capsulitis. There are three common techniques used for US-guided
AC joint injection. The out-of-plane approach is perhaps
Evidence the most commonly used method. Initially, the AC joint is

Petscavage-Thomas and Gustas conducted a retrospeatisaalized at the center of the image. The needle is introduced
study to compare the effectiveness of US- vs fluoroscopfyem anterior to posterior until its tip is seen as a hyperechoic
guided biceps tendon injection at the groove 1&&l.this  spot below the superior AC ligament (Figure 2€eo S2).
study, US guidance had a higher success rate with admiie anterior-to-posterior approach is preferred over the
istration of medication inside the tendon sheath. There wpssterior-to-anterior approach because the anterior joint gap
no significant difference in pain relief and complications wider than the posterior g&prhe needle should not be
rates. Stone and Adler reported a 100% technical succésserted too deep as it may pierce the intra-articular meniscus
rate with injection into the long head tendon at the rotatand the inferior AC capsule, with flow of injectate into the
cuff interval confirmed by intrasheath fluid on postinjectioisubacromial bursa.

images’ Although both these studies established the preci- The second technique is using an in-plane approach. The
sion of US-guided injection into the long head of the bicepggansducer is placed along the coronal plane as described
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Figure 2 Ultrasound guided injection for the acromioclavicular joint

Notes: (A) Cadaver model of the acromioclavicular joint, stabilized by ligaments connecting the acromion, the coracoid process, and the clavicle. (B) Coronal cross-section
of a cadaveric acromioclavicular joint. Dashed triangle indicates the articular disc and white arrowheads point to the inferior acromioclavicular ligament. (C) US-guided in-
plane (dashed arrow) and out-of-plane (dashed circle) approaches to the coronal section of the acromioclavicular joint. (D) US-guided in-plane (dashed arrow) approach
to the sagittal section of the acromioclavicular joint. Black (white in Figure 2C). Asterisks: the superior acromioclavicular ligament. The asterisks indicate the superior
acromioclavicular ligament. The white arrowheads in B and D indicate the inferior acromioclavicular ligament.

above. The lateral edge of the transducer is raised from e Borbas et al in which the success rate of intra-articular
skin surface, and the gap so created is filled with steril@ection was 90% in the US-guided group compared with
coupling gel (Figure 2C/ideo SJ). The needle is introduced 70% in the blind injection grouf.Park et al, in a subse-
from lateral to medial through the gel until the joint capsulguent retrospective analysis, showed greater improvement
is pierced. in pain and shoulder function using an US-guided approach
The third technique is also an in-plane approach. Unlikmmpared with the palpation technid@én the contrary,

the second, the transducer is placed along the sagittal plane randomized controlled trials reported that although US
of the AC joint. The articular disc appears circular on thiguidance led to a higher success rate of intra-articular injec-
view. The needle is introduced from anterior to posteridion, the clinical outcome was not better than periarticular
until it passes through the superior AC ligament (Figure 2Dy palpation-guided injectiort$?' The above studies suggest

Video S2). that while US-guided AC joint injection definitely allows
precise intra-articular administration of the injectate, there
Evidence is still uncertainty regarding treatment outcomes compared

Although the AC joint is superficial, precise injection into thavith the palpation-guided approach.

joint space may be difficult to ascertain. Peck et al conducted

a prospective study comparing US- vs palpation-guidesubacromial—SUbdeltOid Bursa

injection of AC joints on cadavers and found that the squnatomy

cess rate of intra-articular administration was 100% in thEhe subacromial-subdeltoid bursa is located below the acro-
US-guided group compared with only 40% in the palpatiommion, the coracoacromial ligament, and the deltoid muscle
guided group?’ A similar cadaveric study was performedand is superficial to the supraspinatus tendon. It is a large
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synovium-lined structure expanding from the subcoracomie to different patient populations and symptom severity.
space medially to the subdeltoid region overlying the bicipitdihe thickness of the subdeltoid bursa, dynamic subacromial
groove laterally (Figure 3A). The distal boundary of the burgenpingement assessment, the side involved, and response to
is located between the greater tuberosity of the humerus aubacromial lidocaine injection have all been reported as pre-
the deltoid tuberosity. It usually has a direct connection witllictors of success with US-guided subacromial-subdeltoid
the subcoracoid bursa but not with the subscapularis recessgsa injection and thus should routinely be assessed before

that is an extension of the glenohumeral j&int. the interventiong’
US imaging and guided injection Glenohumeral joint
technique Anatomy

There are two methods of US-guided subacromial-subdeltditie glenohumeral joint is a ball-and-socket type diarthrodial
bursa injection, both using an in-plane technique. In the firstructure, lined by synovium and reinforced by the glenohu-
method, the transducer is initially placed in the coronal plameeral capsule. The latter is made of thick connective tissue,
along the long axis of the supraspinatus tendon. The subaaraginating from the bony glenoid and labrum, and inserts
mial-subdeltoid bursa can be visualized as an anechoicoor the anatomic neck of the humerus. There are several
hypoechoic linear structure, originating from the subacromie¢dundant and lax portions of the glenohumeral capsule,
region and extending to the area distal to the insertion of timeluding the anterior, posterior, and axillary recesses,
supraspinatus tendon. The outer and inner layers of the burgdach allow multiplanar motion of the glenohumeral joint
are usually outlined by peribursal fat that appears as two-hyp@figure 4A, B, C¥®
echoic strips. The needle is introduced from caudal to cranial
until the tip reaches the space interposed between the deltal® imaging and guided injection
muscle and the supraspinatus tendon (Figur&i8Bp S3)% technique

In the second technique, the transducer is placed aloAgterior glenohumeral joint

the short axis of the supraspinatus tendon. In this view, thiie patient lies supine, and the transducer is placed in the
supraspinatus tendon looks like a rainbow arc overlying t@rizontal plane at the level of the coracoid process. Because
humeral cortex. The needle can be introduced from lateraltf@ anterior glenohumeral joint is located deep, a curvilinear
medial to target the subacromial-subdeltoid bursa betwegansducer may be required. The anterior glenohumeral joint is
the deltoid muscle and the supraspinatus tendon (Figure 3gen between the humeral head and the anterior glenoid. There
Video S3)* are two US-guided approaches for injection of the anterior
During both interventions, the injectate should appear lenohumeral joint. The first technique uses an out-of-plane
be evenly distributed within the bursa. If there is a localizeghproach. The needle is introduced from caudal to cranial until
accumulation of the injectate, it may indicate multiple comhe gap between the humeral head and the glenoid is reached
partments caused by bursal adhesion. If multiple compa(kigure 4D,video S4). The cranial-to-caudal direction is not
ments are present, the needle needs to be moved back @agmmended because the brachial plexus may be injured in the
forth to break down the adhesions either before or during thgillary region. The second technique uses an in-plane approach

administration of the medication. with the needle introduced from lateral to medial, and the tip is
advanced to the glenohumeral capsule (Figuré/dBp S4).
Evidence This approach is far more difficult because the needle trajec-

In 2015, Wu et al conducted a systematic review angry is easily blocked by the convex humeral head. In addition,
meta-analysis comparing the effectiveness of US- Vfeedle visibility is usually suboptimal because of the sharp
landmark-guided corticosteroid injection within the subinsertion angle. The authors strongly suggest that physicians

acromial—subdeltoid burs&They included seven trials with initially acquire sufficient expertise with the first method in their
445 patients and found that the former technique resultedgactice before attempting the second technique.

greater functional improvement of the shoulder. However,

a subsequent randomized controlled trial of patients wifluperior glenohumeral joint

subacromial impingement syndrome reported no diffetnjection to the superior glenohumeral joint is generally
ence in pain reduction and functional improvement with andicated in patients with a superior-labrum-anterior-and-
without US guidancé The contradictory results may beposterior lesion in order to promote regeneration using
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Figure 3 Ultrasound guided injection for the subdeltoid-subacromial bursa

Notes: (A) Cadaver model of the subdeltoid—subacromial bursa (white arrowheads). (B) US-guided in-plane (dashed arrow) approach to the subdeltoid—subacromial
bursa (white arrowheads) along the short axis of the supraspinatus tendon. (C) US-guided in-plane (dashed arrow) approach to the subdeltoid—subacromial bursa (white
arrowheads) along the long axis of the supraspinatus tendon. Diamonds: hyaline cartilage.
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Figure 4 Ultrasound guided injection for the glenohumeral joint

Notes: (A) Anterior aspect of a cadaver model of the glenohumeral joint (white arrowheads). (B) Coronal cross-section of the glenohumeral joint (white arrowheads) and
its extension, the axillary pouch (black arrowheads). (C) Posterior aspect of the glenohumeral joint (white arrowheads) and its overlying capsule. (D) US-guided in-plane
(dashed arrow) and out-of-plane (dashed circle) approaches to the anterior glenohumeral joint (white arrowheads). (E) US-guided in-plane approach (dashed arrow) to the
superior glenohumeral joint (white arrowheads). (F) US-guided in-plane approach from lateral to medial (yellow dashed line) or medial to lateral (blue dashed line) for the
posterior glenohumeral joint (white arrowheads). Diamonds: hyaline cartilage.

platelet-rich plasma and dextrd8&uring the injection, the Posterior glenohumeral joint

patient is seated and the transducer is placed in the corohlag patient is seated, and the transducer is placed caudal and
plane on the supraspinatus fossa. Because the supeparallel to the scapular spine. The joint space is visualized
glenohumeral joint is below the acromion, a curvilineabetween the humeral head and the posterior bony glenoid.
transducer is required; the side beam helps improve viBRere are two commonly applied, in-plane injection tech-
ibility of the superior labrum. The needle is introducediques for the posterior glenohumeral joint. With the first
by an in-plane approach from medial to lateral until theethod, the needle is introduced from medial to lateral until
needle tip passes the lateral edge of the superior labritime needle tip pierces the joint capsule lateral to the posterior
(Figure 4EVideo S4). labrum (Figure 4F/ideo S4). In the second method, the
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needle is introduced through the infraspinatus muscle frosiaccompanied by the suprascapular artery, which usually
lateral to medial until the needle tip reaches the junctianns above the transverse suprascapular ligament. The nerve
between the humeral head cartilage and the lateral edgdeaives the supraspinatus fossa and reaches the infraspinatus
the posterior labrum (Figure 4Fdeo S4). At this point, fossa through the spinoglenoid notch (Figure 5C). It provides
although the needle shaft is visualized more easily due gensory supply to the AC and glenohumeral joints and also
a less steep angle of injection, the needle trajectory canibeervates the supraspinatus and infraspinatus muécles.
hindered by the convex humeral head if the lateral-to-medial
direction is used. US imaging and guided injection

The most common indication for glenohumeral jOintechnique
injection is adhesive capsulitis where the intracapsular pre&rachial plexus level
sure is usually increasétiTherefore, the injection should be This technique targets the proximal suprascapular nerve
carried out slowly while the needle is gradually advanced ¥hd is suitable for patients who are not able to sit steady or
prevent the tip from being ejected backward due to increasgfl those who suffer entrapment due to the overlying tight
intra-articular pressure; if not, the intracapsular injection mayapezius muscle. The patient is supine with the head turned
be ineffective as the injectate may be inadvertently adminigy the opposite side, and the transducer is placed along the

tered into the infraspinatus muscle. sagittal plane on the supraclavicular fossa. The brachial
plexus can be seen posterior to the subclavian artery, and
Evidence the upper trunk is located at the most superior and posterior

In 2012, Patel et al, in a cadaver study, compared the accurggyt of the nerve bundle. Repositioning the transducer more
of the US-guided posterior approach with the glenohumergkerally allows visualization of the suprascapular nerve leav-
joint with the blind technique on 80 shoulder specimenmg the upper trunk The needle can be introduced by an

The accuracy rate was significantly higher with US guidn-plane approach from lateral to medial until the perineurium
ance compared with blind administration (92.5% vs 72.5%s reached (Figure 5jdeo S5).

P=0.02)% In 2014, Amber et al conducted a meta-analysis

comparing the precision of US vs fluoroscopy guidance f8{praspinatus fossa level

glenohumeralinjectionSThey found that US guidance wasThe patient is seated, and the transducer is placed on the
more accurate although the difference was nonsignificaBlipraspinatus fossa along the scapular plane. The midpoint of
Regarding the comparison of anterior vs posterior US-guidggk transducer is adjusted to align with the lateral one-third of
approach, Kim et al reported shorter positioning time usingie scapular spine. The suprascapular nerve is located at the
the anterior approach but greater pain reduction using thgttom of the supraspinatus fossa. The suprascapular artery
posterior approactt. For treating adhesive capsulitis, acan be visualized as a pulsating dot with positive Doppler sig-
recent meta-analysis indicated that the injection of a huggls beside the nerve. The needle is introduced from medial
amount of fluid into the glenohumeral joint (hydrodilatato lateral by an in-plane approach until the needle tip pierces
tion) may be beneficial in the early recovery of limitation ofhe deep fascia of the supraspinatus muscle or the transverse

range of motion, especially in external rotatibirurther  suprascapular ligament (Figure 5fjeo S5)2The injectate
more, corticosteroids can be added in the regimen used ®instilled into the floor of the supraspinatus fossa.

hydrodilatation to prevent the inflammatory reaction on the

glenohumeral capsule. Infraspinatus fossa level

The patient is seated with the arm by the side. The transducer
Su prascapular nerve is placed slightly caudal to the scapular spine in the horizontal
Anatomy plane. Unlike visualization of the posterior glenohumeral

The suprascapular nerve arises from the upper trunk of flont, the medial edge of the transducer needs to be pivoted
brachial plexus and receives fibers from C5 and C6 nermeore cranially to visualize the spinoglenoid notch. The power
roots (Figure 5A). The nerve courses beside the inferidoppler mode may be used to locate the suprascapular artery
belly of the omohyoid muscle and enters the supraspinausor to injection. The needle is introduced from medial to
fossa through the suprascapular notch below the superiateral until the needle tip reaches the spinoglenoid notch
transverse suprascapular ligament (Figure 5B). The nerflégure 5FVideo S5).

2318 submit your manuscript Journal of Pain Research 2018:11

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com
http://youtu.be/0c08Vnc37D8
http://youtu.be/e1SIiyqm6JY
http://youtu.be/e1SIiyqm6JY
http://youtu.be/e1SIiyqm6JY

Journal of Pain Research downloaded from https://www.dovepress.com/ by 216.158.219.94 on 12-Oct-2018
For personal use only

Dove US-guided therapies for shoulder pain

bifsernedad s

B

Hina

o, = ~ad
B : B
g

Figure 5 Ultrasound guided injection for the suprascapular nerve

Notes: (A) Cadaver model of the suprascapular nerve (yellow arrowheads) branching from the upper trunk of the brachial plexus. Red arrowheads show the suprascapular
artery. (B) The suprascapular nerve (yellow arrowheads) at the entrance the suprascapular fossa. Black asterisks show the superior transverse scapular ligament. (C)
The suprascapular nerve (yellow arrowhead) coursing through the supraspinatus fossa and reaching the infraspinatus fossa. Black asterisks indicate the transverse scapular
ligament. (D) US-guided in-plane (dashed arrow) approach to the suprascapular nerve (yellow arrowhead) at the brachial plexus level. (E) US-guided in-plane (dashed arrow)
approach to the suprascapular nerve (yellow arrowhead) at the supraspinatus fossa level. Black asterisks indicate the transverse scapular ligament. Red arrowheads indicates
the suprascapular artery. (F) US-guided in-plane (dashed arrow) approach to the suprascapular nerve at the infraspinatus fossa level. Diamonds: hyaline cartilage. Red arrows
indicate the suprascapular artery.

Evidence Axillary nerve

A recent meta-analysis showed that suprascapular negA«natomy

block led to better pain relief than physical therapy or placelfe axillary nerve arises from the posterior cord of the bra-
injection alone, but had similar efficacy with glenohumerahial plexus, receiving nerve fibers from the ventral rami of
joint injection for chronic shoulder pathThe use of US C5 and C6. It passes the junction between the subscapularis
guidance was consistently more effective than the landmagkd the conjoint (teres major and latissimus dorsi) tendons
technique or fluoroscopy guidance. Another meta-analysisid wraps around the humeral head to reach the posterior
revealed that suprascapular nerve block effectively reducadpect of the shoulder through the quadrilateral space
acute postoperative shoulder pain and the incidence of opioffigure 6A). The posterior humeral circumflex artery courses
related nause® However, the beneficial effect was not seebeside the axillary artery. The nerve further divides into an
in patients undergoing laparoscopic surgery or thoracotonanterior branch to innervate the anterior and middle parts
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Figure 6 Ultrasound guided injection for the axillary nerve

Notes: (A) Cadaver model of the axillary nerve (yellow arrowhead) at the posterior aspect of the shoulder. (B) US-guided in-plane (dashed arrow) approach to the axillary
nerve at the inferior axillary level. Diamonds: hyaline cartilage. (C) US-guided in-plane (dashed arrow) approach to the axillary nerve at the quadrilateral space. (D) US-guided
in-plane (dashed arrow) approach to the axillary nerve at the humeral neck level. Red arrowhead shows the posterior lateral humeral circumflex artery. Yellow arrowheads
indicate the axillary nerve.

of the deltoid muscle and a posterior branch to supply tiee situated in the space bordered by deltoid muscle super
posterior part of the deltoid and teres minor muscles. It al§oially, teres minor muscle cranially, and the long head of
provides sensory innervation to the posterior and inferidficeps muscle caudally (Figure 6C¢eo S6). The needle is

aspects of the glenohumeral capsule and superior latardtoduced from cranial to caudal using an in-plane approach

portion of the arni® until the needle tip reaches the perineural regfion.

usS imaging and guided injection Superior lateral humerus level

technique The transducer is placed along the long axis of the teres
Infra-axillary level minor insertion on the humerus. The axillary nerve appears

The patient lies on the side with full abduction of the shouldes @ hypoechoic dot caudal to the inferior edge of the teres
The transducer is placed on the axillary fold along the axiglinor muscle. Once the short axis of the nerve is located,
plane. The axillary nerve is seen wrapped around the humédh# transducer can be repositioned to align with the long
head underneath the teres major muscle. The needle is infiis of the nerve. The power Doppler mode is used to avoid
duced from posterior to anterior using an in-p|ane approaiﬂiury to the posterior humeral circumflex artery. The needle
and a long segment of the proximal part of the nerve can ieintroduced from posterior to anterior using an in-plane
hydrodissected (Figure 6Bideo S6)*° approach and a long segment of the axillary nerve can be
hydrodissected (Figure 6Djdeo S6).
Quadrilateral space level
The patient is seated with the arm hanging by the side. Thyidence
transducer is placed along the sagittal plane at the lateti$-guided axillary nerve block was first introduced by Rothe
edge of the scapula to visualize the short axis of teres miregral, who targeted the axillary nerve near the quadrilateral
muscle. The transducer is then repositioned laterally unsipace’’ Combination of the suprascapular and axillary
the long head of triceps muscle is seen. The axillary neraerve blocks has been widely applied for the management
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of postoperative shoulder pain and was reported to provide Sekizkardes M, Aydin G, Ozgakar L. Ultrasound-guided shoulder
better pain reduction than interscalene brachial plexus block injection or ultrasound guides the shoulder injection? Standard vs

T state-of-the-art. AmJ Phys Med Rehabil. 2018;97(5):e46.
or suprascapular nerve block aldA®Due to the proximity 6. Hsiao MY, Hung CY, Chang KV, Ozcakar L. Dynamic ultrasonography

of the axillary nerve to the surgical neck of the humerus, the of the intra-articular long head biceps tendon and superior labrum. Am
' J Phys Med Rehabil. 2016;95(11):e183—e184.

nerve is prone to injury after shoulder trauma and mightleagl chang kv, Wu SH, Lin SH, Shieh JY, Wang TG, Chen WS. Power
to chronic shoulder pain. A recent anatomic study revealed Doppler presentation of shoulders with biceps disorder. Arch PhysMed

that the bicipital groove and subacromial-subdeltoid bursg Rehabil. 2010;91(4):624-631.

were also innervated by the axillary nef¢@herefore, in
patients with refractory pain, not responsive to injections

Ozgakar L, Kara M, Chang KV, et al. EURO-MUSCULUS/USPRM
Basic Scanning Protocols for shoulder. Eur J Phys Rehabil Med.
2015;51(4):491-496.

. . 9. Stone TJ, Adler RS. Ultrasound-guided biceps peritendinous injections
of the subacromial-subdeltoid bursa or the glenohumeral i, the absence of a distended tendon sheath: a novel rotator interval

joint, entrapment of the axillary nerve should be suspected,
10.

possibly necessitating a diagnostic blétk.

Conclusion 11.

approach. J Ultrasound Med. 2015;34(12):2287-2292.
Petscavage-Thomas J, Gustas C. Comparison of ultrasound-guided
to fluoroscopy-guided biceps tendon sheath therapeutic injection.
J Ultrasound Med. 2016;35(10):2217-2221.

Chang KV, Chen WS, Wang TG, Hung CY, Chien KL. Quantitative
ultrasound facilitates the exploration of morphological association of

Diagnosis and treatment of shoulder pain is never an easy e long head biceps tendon with supraspinatus tendon full thickness
task, and US imaging enables the physician to thoroughly tear. PLoSOne. 2014;9(11):e113803.

investigate the underlying pathology and to precisely gui&é'

further intervention. Although pathology of the involved ten-

Chang KV, Chen WS, Wang TG, Hung CY, Chien KL. Associations
of sonographic abnormalities of the shoulder with various grades
of biceps peritendinous effusion (BPH)ltrasound Med Biol.

dons, bursas, and joints are common causes of shoulder pajn2014:40(2):313-321. - o o
13. Ehang KV, Wu WT, Ozcakar L. Association of bicipital peritendinous

irritation, or entrapment of nerves that supply the shoulder

effusion with subacromial impingement: a dynamic ultrasonographic

should also be taken into consideration when pain becomesstudy of 337 shoulders. Sci Rep. 2016;6:38943.

14.

chronic. In such situations, a combination of peritendinous,
intrabursal, intra-articular, and perineural injections may

occasionally be required for refractory pain. Finally, it i$>

important to scan the target area routinely by Doppler imag-

ing to prevent possible injury to the adjacent vasculature.16.
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