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Impingement is a clinical scenario of painful functional limita-
tion of the shoulder,1 thought to be secondary to compression
or altered dynamics that irritate and ultimately damage the
tissues around the shoulder joint. Shoulder impingement is
currently subdivided into external (subacromial) and internal
impingement. External impingement is further subdivided into
primary and secondary, and internal impingement into poster-
osuperior and anterosuperior (►Fig. 1).2–8

External Impingement

The theory of external impingement syndrome was first
proposed by Neer in 1972 to describe shoulder pain associat-
ed with varying degrees of chronic bursitis and partial- or
full-thickness tears of the rotator cuff.7 However, this was
before the advent of modern imaging, primarily ultrasound
(US) and MR imaging. External/subacromial impingement
occurs when the supraspinatus tendon and subacromial-
subdeltoid (SASD) bursa are impinged between the humeral
head, the acromion, and coracoacromial ligament. Early
theories on etiology focused on anatomical abnormalities
of the coracoacromial arch (►Fig. 2). However, there is
growing evidence that scapular dysfunction may be more
significant, especially in the patient <40 years of age.

Etiology of Impingement
Anatomical abnormalities of the arch have highlighted mor-
phological variation in the acromion and acromioclavicular

(AC) joint. The morphology of the acromion has been catego-
rized into three types (type I flat, type II concave, and type III
hooked). It has been suggested that the hooked type III
configuration may predispose to external impingement.9

However, it is more likely that (unless the anatomical changes
are gross) acromial changes are secondary rather than pri-
mary. Anterior and lateral downsloping of the acromion is
also implicated in external impingement, particularly in tears
of the supraspinatus tendon at its attachment. Acromiocla-
vicular joint arthrosis, with osteophytes on the undersurface
of the acromium,1 and os acromiale are both believed to be
causative in external impingement but are not accurately
assessed with US and require subacromial outlet radiographs
or MR imaging for optimal visualization.

Functional abnormalities lead to external impingement by
causing a relative decrease in the subacromial space due to
glenohumeral instability or abnormal scapulothoracic move-
ment. In other words, it is proximal displacement of the
humeral head that causes impingement of the subacromial
space against the coracoacromial arch rather than the reverse.
These are encompassed within the term the SICK scapula
syndrome (scapular malposition, inferomedial prominence,
coracoid pain, scapular dyskinesis).9a The disturbed balance
of forces between the rotator cuff muscles and the deltoid
muscle leads to elevation of the humeral head and secondary
impingement of the contents of the subacromial space on the
coracoacromial arch. Abnormal shoulder biomechanics also
contribute to glenohumeral instability, particularly the
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defects more usually referred to as “micro instability” that
are distinguished from the spectrum of joint hyperlaxity/
dislocation. Secondary external impingement is usually
found in the younger age groups or in athletes involved in
overhead or throwing activities.

Intrinsic factors of the rotator cuff tendons have also been
implicated. These include a hypovascular “critical zone”within
the tendon with subsequent ischemic changes and poor heal-
ing. However, this may represent tendon degeneration as part
of the normal aging process. Tendon thickening with mucoid
degeneration as a result of eccentric forces while in the
overhead position leads to subsequent impingement on the
coracoacromial arch due to the increased size of the tendon.4

Clinical examination and tests have been shown to be
sensitive but nonspecific in their ability to differentiate

between shoulder impingement and other pathology.10 Im-
aging is performed to identify pathology associated with
impingement such as rotator cuff tears and to identify
abnormalities that may be contributing to impingement.

Ultrasound Findings in External/Subacromial
Impingement
The US findings in patients with external impingement are
divided into changes in and around the bursa and abnormali-
ties within the rotator cuff tendons. The SASD bursa is the
largest bursa in the body covering the entire shoulder. The
bursa acts as a joint between the rotator cuff and the overlying
coracoacromial arch. The bursa is superficial to the rotator
cuff tendons and deep to the deltoid muscle, coracoacromial
ligament, and the acromion. The SASD is separated from the
glenohumeral joint by the rotator cuff. The hypoechoic fluid
within the bursa should not exceed 2 mm between the
hyperechoic peribursal fat.6

The Bursa and Coracoacromial Ligament
Fluid within the SASD bursa and bursal thickening is easily
identified with US, although care must be taken not to apply
too much pressure with the transducer and underestimate
the size or presence of bursal fluid (►Fig. 3). The most
dependent segment of the bursa just distal to the greater
tuberosity on longitudinal views of the rotator cuff should
always be examined. The amount of fluid within the bursa
should not measure greater than 2 mm.11 The coexistence
of glenohumeral joint and biceps tendon sheath fluid and
subacromial-subdeltoid bursal fluid has been shown to be
predictive of a rotator cuff tear.12 However, bursal fluid or
thickening alone is not diagnostic of impingement.13

The coracoacromial ligament (CAL) can be visualized well
with high-resolution US in both the transverse and

Fig. 1 Current definition of shoulder impingement. ABER, abducted
and externally rotated.

Fig. 2 Sagittal T2-weighted MRI of the shoulder demonstrates the
coracoacromial arch. Coracoacromial ligament is shown (small
arrows). A, acromion; C, coracoid; Sp, supraspinatus muscle.

Fig. 3 US long axis over supraspinatus tendon shows fluid within the
supraspinatus tendon and subacromial-subdeltoid bursa (arrow). H,
greater tuberosity of humerus; Sp, supraspinatus tendon.
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longitudinal planes (►Fig. 4). The CAL is seen as a straight or
slightly convex fibrillar band in long axis passing between the
coracoid and the tip of the acromion. The CAL is more difficult
to visualize in short axis because it has similar echogenicity to
the underlying peribursal fat andmay only be seen as a notch
in a distended bursa. The CAL forms the central aspect of the
coracoacromial arch, where it acts as a focal cause of stenosis
in subacromial impingement.7,14

US imaging of secondary external impingement involves
recognition of subacromial space pathology secondary to
variations in the size of the subacromial space. The subacro-
mial space can bemeasured as the acromial humeral distance.
Desmeules et al. found that the acromial humeral distance
was reduced significantly in patients during active abduction
comparedwith rest. The study also suggested that therewas a
reduction in the narrowing of the subacromial space with
functional improvement following rehabilitation.15

Dynamic US assessment of the shoulder has gained popu-
larity in the diagnosis of external impingement. One tech-
nique involves observing pooling of fluid within the
subacromial-subdeltoid bursa or bunching of the bursa
against the CAL with the arm in 60 degrees forward flexion,
60 degrees abduction, and internal rotation of the shoulder
(►Fig. 5). The patient should be askedwhether thismaneuver
reproduces or causes pain. Osseous impingement can also be
observed when the humeral head is proximally migrated and
the greater tuberosity is prevented from passing underneath
the acromium.16 Reduction of the subacromial space with
dynamic imagingwas also shown in elite junior tennis players
with scapular dyskinesia compared with controls.17

The relationship of the CAL with the subacromial bursa
and rotator cuff tendons can also be assessed with dynamic
imaging impingement tests.14 There may be degeneration
and stiffening of the CAL with age, which leads to less
displacement of the CAL with shoulder motion causing

impingement.17a Wang et al described their method of mea-
suring CAL length (31.2 � 2.99 mm), thickness (1.97 � 0.49
mm), and distance between the CAL and humeral head
(7.48 � 1.89 mm) in 25 young, slim, and healthy volunteers.
They also quantified the effects of impingement tests on
upward bulging of the CAL contour, paving theway for further
research in this area.14

The appearance of the bursa in normal individuals has
received some attention, but a detailed comparative study is
lacking. No significant difference in the thickness of bursal
fluid was shown between asymptomatic volunteers and
symptomatic patients by Daghir.13 Pooling of fluid has been
shown in asymptomatic volunteers and in the contralateral
asymptomatic shoulder; however, this may represent sub-
clinical abnormality.13,16

Fig. 4 Longitudinal US image of coracoacromial ligament (arrows).
A, acromion; C, coracoid.

Fig. 5 Long axis US over supraspinatus (a) at rest and (b) abduction
showing bunching of the supraspinatus tendon and subacromial-
subdeltoid bursa (arrows) under the acromion (A). H, greater tuber-
osity of humerus.
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Findings in the Cuff Tendons
Rotator cuff pathology seen with US includes tendinopathy,
calcific tendonitis, and partial-thickness and full-thickness
tendon tears. Tendinopathy, that is, a thickened hypoechoic
heterogeneous tendon on US, is often associated with thick-
ening of the SASD bursa.

Calcification within the tendon ranges from small micro
deposits, with no acoustic shadowing, to large deposits
(>1 cm) of calcium hydroxyapatite, with shadowing
(►Fig. 6). Macroscopic deposits are thought to go through
phases of hard (marked acoustic attenuation) to soft (subtle
shadowing) texture, which affects their susceptibility to US-
guided needle aspiration. The “soft” phase is typically very
painful and may be associated with neovascularity.18

Partial-thickness tears are diagnosed when a focal hypo-
echoic defect is seen within the tendon affecting only a
portion of the tendon thickness extending to either the bursal
or articular surface, but not the full thickness of the tendon.
The hypoechoic defect should be seen in two perpendicular
planes. Secondary signs of partial-thickness tear include loss
of the bursal surface convexity or tendon flattening, hernia-
tion of the deltoid muscle or bursa with transducer pressure,
and cortical irregularity of the greater tuberosity. The depth
or the grade of the tear should be recorded; grade 1: 3 mm,
grade 2: 3 to 6 mm, grade 3:>6 mm. The location (bursal or
articular sided) and the size of the tear should also be
reported.

A full-thickness tear comprises a hypoechoic defect in the
tendon that extends from the bursal to the articular surface of
the tendon but does not need to involve the full width of the
tendon. Other signs of a full-thickness tear include uncovered
cartilage of the humeral head, compressible hypoechoic fluid
or granulation tissuewithin the tendon gap, and herniation of
the deltoid muscle or subacromial bursa into the gap. Sec-
ondary signs of a full-thickness tendon tear include cortical

irregularity of the greater tuberosity and glenohumeral joint
effusion.7Asmentioned, a full-thickness tear does not need to
involve the complete width of the tendon, and therefore the
location within the tendon and size of the tear should
be described. Most tears affect the supraspinatus tendon
especially the anterior free edge, adjacent to the rotator
interval or the central area termed the midsubstance/
crescent/footprint where there is intact tendon anterior
and posterior to the tear, possibly reflecting intact rotator
cables. The tear most commonly affects the lateral 1.5 cm of
the tendon in the hypovascular or “critical zone.” The size of a
tear should be described in two planes and are sometimes
graded into as small: <1 cm; medium: 1 to 3 cm; large: 3 to
5 cm, and massive: >5 cm. If possible the extent of tendon
retraction should be reported, but in massive tears this may
be beyond the AC joint and therefore not visualized.

Other types of partial-thickness tendon tears that should
be recognized are those that involve the rotator cuff footprint
at the greater tuberosity. This is especially important in the
younger patient or athlete because they can progress to full-
thickness tears. These partial-thickness tears are described as
a rim rent or partial articular-sided supraspinatus tendon
avulsion (PASTA) lesions, and, as the name suggests, they
involves tendon fibers being avulsed from the greater tuber-
osity (►Fig. 7). A central interstitial delamination tear is a
focal hypoechoic defect that does not reach the articular or
bursal surface but parallels the long axis of the tendon. These
tears may be recognized when a “cyst” is seen within the
muscle or musculotendinous junction.

The accuracy of US in making these assessments has been
well studied in the literature; accuracy is highest at the more
extreme end of the pathologic range, reaching 100% for large
tears, and lowest when only tendinopathy is present. Inter-
and intraobserver variation is also highest with tendinopathy,
reflecting the range of appearance of the normal tendon in
the general population. When bursitis and tendinopathy

Fig. 6 Long axis US image over subscapularis tendon shows macro-
calcification with posterior acoustic shadowing (arrows). BT, biceps
tendon.

Fig. 7 Long axis view over supraspinatus tendon insertion on the
humeral head demonstrates a rim-rent-type partial tear (arrows).
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coexist, it is also sometimes difficult to differentiate the
superficial swollen hypoechoic aspect of the tendon and
the thickened subacromial subdeltoid bursa on static imag-
ing. It is also difficult to differentiate between tendinopathy
and small partial-thickness tears because both give a hypo-
echoic appearance and may coexist. A recent meta-analysis
reported pooled results of 0.95 (0.90 to 0.97) sensitivity and
0.96 (0.93 to 0.98) for specificity. For partial-thickness tears
this is reduced: 0.72 (0.58 to 0.83) sensitivity and 0.93 (0.89 to
0.96) specificity.19–21

In the presence of a rotator cuff tear, assessment of the
degree of fatty infiltration and atrophy of the supraspinatus
muscle can bemade. Assessment of substantial supraspinatus
and infraspinatus fatty atrophy using US criteria has been
shown to be moderately accurate and comparable with MR
imaging.22 The US criteria used two scoring systems. The first
graded conspicuity of muscle fibers, pennate architecture,
and contour against the central tendon: grade 0 ¼ normal,
grade 1 ¼ partially visualized, and grade 2 ¼ discrete struc-
tures no longer visible. The second assessment compared the
echogenicity of the rotator cuff muscle with deltoid, scoring
grade 0 ¼ isohypoechoic to deltoid, grade 1 ¼ slightly hyper-
echoic, and grade 2 ¼ markedly more hyperechoic to deltoid.
Significant atrophy was diagnosed if either system scored
grade 2, which correlated to an MR imaging grade of 2 to 4
(Goutallier et al classification23).

The presence of neovascularity as a potential mechanism
of pain production has been suggested in other tendinopathic
tendons, although this is less often seen in the rotator cuff.
Neovascularity in rotator cuff tendinopathy has been shown
in the symptomatic and in the asymptomatic shoulder in a
small group of patients. Further research is required to
establish the relationship between neovascularity and the
evolution of symptoms.24

Tertiary Shoulder Impingement
Taranu et al25 published an article in 2010 citing sternocla-
vicular (SC) joint arthritis as anunrecognized cause of shoulder
impingement (►Fig. 8). They presented five patients initially
diagnosed with external impingement but were subsequently
shown to have SC joint osteoarthritis on computed tomogra-
phy (radiographs were not diagnostic), despite being clinically
nontender to palpation. They proposed the mechanism that
loss of the elevation and rotation at the clavicle reduces scapula
mobility and causes the acromion to impinge on the subacro-
mial tissues. The term tertiary impingement appears appropri-
ate within the external impingement classification. All five
patients had a positive “shrug” test26: inability to elevate/shrug
the shoulder due to loss of the 35 degrees of elevation afforded
by the clavicle at the SC joint. The authors point out that
patients with massive rotator cuff tears also have a positive
shrug sign, but the scanning radiologist would be aware of this

Fig. 8 Axial images across the sternoclavicular joint with (a) US, (b) power Doppler US, and (c) T2-weighted MRI, with skin marker, demonstrating
a sternoclavicular joint (SCJ) arthropathy. White arrow shows right SCJ effusion. Cl, clavicle; St, sternum.
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from their US examination. Four of the five patients had a
positive response to excision of the medial end of the clavicle
and the fifth from physiotherapy without surgery. Because US
is so adept at detecting joint erosion, the addition of SC joint
evaluation could readily be added to the routine shoulder US
assessment. As with many shoulder US findings, osteoarthritis
at this joint is common, increases with age, and is often
bilateral.27 However, Taranu and colleagues recommended
the routine use of the shrug test in the clinical evaluation of
the shoulder. Perhaps as radiologists, we should add SC joint
imaging to our shoulder US examination.

Internal Impingement

Whereas external impingement pathology is centered
around the coracoacromial arch, internal impingement
relates to the glenoid and labrum. Two distinct sites of
pathology are described. Posterosuperior internal impinge-
ment results from impingement of the soft tissues (rotator
cuff and posterior capsule) between the humeral head, cuff
tendons, labrum, and glenoid.8 Anterosuperior internal im-
pingement syndromes are a result of impingement of the soft
tissues (rotator cuff, long head of biceps) on the anterior
glenoid.5,6,28

Internal impingement is now recognized as an important
source of pain, particularly in younger people.8 Much of the
published work has been with overhead athletes and is a
primary cause of chronic shoulder pain in this group. These
athletes evolve their shoulder movement to maximize their
external rotation, but this scenario is applicable to anyone
frequently adopting an abducted and externally rotated
position.29

Posterosuperior Impingement
The etiology of these injuries is an evolving field, consolidated
by Castagna et al in their review article.30 Concepts include
the following:

1. Glenohumeral internal rotation deficit (GIRD) and “total
arc of motion”31: Net range of motion at the shoulder does
not change, but external rotation increases at the expense
of internal rotation and posterior capsular contracture,
shifting the contact point of the glenohumeral joint post-
erosuperior, resulting in a pseudolaxity of the anterior
capsule. This in turn increases the peel-back forces on the
superior labrum.32

2. Peel-back phenomenon: The shift in angle that occurs to
the biceps anchor in external rotation and abduction,
increasing torsional force on the labrum.33

3. Microinstability: Rotational or directional, pathologic lax-
ity of the joint without frank dislocation, hypothesized by

Table 1 Injury patterns implicated in posterosuperior impingement

Bone Posterior glenoid rim and humeral head Sclerosis/cyst formation

Rotator cuff Posterior supraspinatus/infraspinatus Undersurface tear

Joint capsule Posterior Thickening

IGHL Posterior band Thickened

IGHL Anterior band Stretched

Labrum Posterior Type 2 SLAP lesion

Abbreviations: IGHL, inferior glenohumeral ligament; SLAP, superior labrum anterior and posterior.
Source: Adapted from Grainger,3 Jobe,28 and Castagna et al.30

Fig. 9 Axial US images of posterior glenohumeral joint with increasing
abduction and external rotation from position (a) to (b). White arrow
shows labrum; black arrow shows greater tuberosity of humeral head.
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Paley et al.34 This loss of anterior stability is seen in
overhead throwing athletes.34

4. Scapular dyskinesis: Altered scapular motion in associa-
tion with arm motion, as a result of muscle imbalances,
resulting in excessive glenohumeral angulation, exacer-
bating peel-back effect and posterior impingement.33

The fact that these theories are interlinked and evolving,
with impact on both external and internal impingement, is
testament to the complex nature of the glenohumeral joint
function and pathology. The diagnosis of these phenomena is
largely clinical.►Table 1 shows the types of injury implicated
in posterosuperior impingement.

Ultrasound Findings
It is acknowledged that much of this pathology cannot be
evaluated with US. However, as previously discussed, full-
and partial-thickness tears can be detected in the hands of an
experienced operator.35,36 MR arthrogram remains the supe-
rior technique for the accurate diagnosis of partial tears.36 The
role of US is currently limited to detecting asymmetric
posterior joint capsular thickening and humeral retroversion
suggesting GIRD: Thomas et al studied 24 collegiate baseball
players, and they found humeral retroversion and posterior
capsular thickness to be increased in the dominant arm.37

They used an inclinometer along the ulna border to measure
retroversion, in conjunction with US of the bicipital groove,
but one could see how this could be extrapolated as a
comparative subjective measurement during a dynamic
shoulder US examination. The relationship of the poster-
osuperior labrum and humeral head can also be visualized
during simulated throwing maneuvers (►Fig. 9).

Anterosuperior Impingement (ASI)
Themechanism is of injury with anterosuperior impingement
is the reverse of posterosuperior impingement: impingement
occurs in horizontal adduction and internal rotation, imping-
ing the biceps pulley and subscapularis tendon between the
humeral head and the anterosuperior glenoid rim.2,3,6 Haber-
meyer6 et al. indicated that tears in these structures start a
circle of impingement/tear. The cycle he proposed is demon-
strated in ►Fig. 10. The injury patterns implicated in ante-
rosuperior impingement are listed in ►Table 2.

Ultrasound Findings
Once again, these patterns are most comprehensively evalu-
ated with MR arthrography, but US is highly specific and
sensitive for the dynamic evaluation of biceps subluxa-
tion.38,39 Thismayoccur in conjunctionwith thinning/tearing
of the anterior rotator cuff, which can also be appreciated on
US; however, small undersurface tears of the subscapularis
are difficult to detect on US.3,40 Two studies found an associ-
ation between anterosuperior impingement syndrome and
acromioclavicular joint arthritis.2,6 Subcoracoid bursal col-
lections are also associatedwith rotator interval disruption.41

US has a limited role in internal impingement, but recogniz-
ing the patterns of injury visible with US is important to
ensure that MR arthrogram is recommended.

Treatment

Injection of SASD bursa with steroid and local anesthetic is
often used to help with the diagnosis and treatment of
external impingement; however, it is not clear whether it is
the physical effect of bursal distension, the steroid, or placebo

Table 2 Injury patterns implicated in anterosuperior impingement

Rotator cuff Subscapularis and anterior supraspinatus Partial tears

Long head of biceps Tendon Medial subluxation tendinopathy

Pulley Tear

Labrum Anterior Type 1 and 2 tears2,3

Source: Adapted from Grainger.3

Fig. 10 Proposed mechanism of pathology in anterosuperior impingement.
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effect that produces the symptomatic benefit in “injection
responders” (►Fig. 11).17

In our institution, the patient is issued with a pain diary
that charts their symptoms on a visual analog scale.
Further lifestyle questions regardingdaily activities, analgesia
use, and perceived benefit are also included with the
questionnaire. If there is significant acromioclavicular joint
degenerative change, and the patient is predominantly tender
here, a small volume of steroid and local anesthetic can be
injected and a pain diary issued. The confounding evidence
against this frequently performed intervention was reported
by Ekeberg et al, who reported that gluteal injections of
steroid were as effective as US-guided bursal injections.42

This was a heterogeneous population, however, and under-
valued the role of a local anesthetic injection into the bursa as
a diagnostic test.

Conclusion

Shoulder US has evolved into a dynamic clinical examination.
Detecting impingement on US may be direct, as for external
impingement, or recognizing patterns and subtle markers in
internal impingement, while appreciating the limitations of
US in internal glenohumeral joint assessment. Including
acromioclavicular and sternoclavicular joint assessment
may also be useful, although the reliability and usefulness
of the latter has yet to be evaluated. The clinical correlation
remains essential given the degree of pathology demonstrated
in asymptomatic shoulders. Diagnostic and therapeutic
US-guided local anesthetic and steroid injections continue
to be used in their management.
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