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5.1 Introduction

Rotator cuff disease, which includes tendinopa-
thy and tearing, is incredibly common. A system-
atic review in 2014 has shown that the prevalence
of rotator cuff disease increases with age, from
approximately 10% in patients under 20 years of
age to approximately 60% in patients greater
than 80 years of age [1]. There are a number of
controversies that exist when discussing the rota-
tor cuff, including symptomatology and pathoeti-
ology. Although it is clear that cuff disease can be
symptomatic and necessitate treatment, the deter-
mination of which abnormalities are symptom-
atic or which are best treated with surgical
intervention remains a challenge [2—6].

The etiology of rotator cuff disease is multi-
factorial with intrinsic and extrinsic contributions
[7, 8]. Intrinsic mechanisms are associated with
the tendon itself and the degenerative-
microtrauma model is likely to be critical to the
development of cuff disease in many patients [9].
This model supposes that age-related tendon
damage [10, 11] compounded by chronic, repeti-
tive microtrauma results in adverse cellular
changes, release of inflammatory mediators, and
apoptosis [12, 13]. Extrinsic mechanisms include
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anatomic variables external to the tendon, such as
the various impingement syndromes.

In most patients, it is generally favored that
intrinsic mechanisms play a greater role in cuff
disease compared with extrinsic factors [14—18].
This is referred to as the intrinsic theory of cuff
disease, which states that cuff dysfunction is the
causal abnormality, leading to decentering of the
humeral lead and resultant formation of entheso-
phytes and tuberosity lesions [19]. Although bio-
logically engineered scaffolds [20], exogenous
growth factors [21], and cellular therapies [22]
targeting intrinsic mechanisms are increasing,
surgical therapy of cuff disease and treatment of
associated extrinsic lesions remain the most
widely available nonconservative treatment
options. Therefore, it is critical for the radiologist
and surgeon to identify the lesions that can be
associated with shoulder pain and cases which
may be amenable to available treatment.

The diagnosis of impingement syndromes
requires all available information, including his-
tory, physical examination, and imaging. A prac-
tical and commonly used classification scheme of
the various shoulder impingement syndromes is
to divide based on those where the pathogenesis
resides outside the glenohumeral joint capsule
(termed external impingement) and those resid-
ing inside the glenohumeral joint capsule (termed
internal impingement). External impingement
syndromes include subacromial impingement
and subcoracoid impingement. Internal impinge-
ment syndromes include posterosuperior
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impingement, which belongs in the spectrum of
abnormalities leading to the disabled throwing
shoulder, and anterosuperior impingement. Each
impingement syndrome is a distinct entity, pre-
dominantly affecting different demographics of
patients, but more than one type of impingement
syndrome may be seen in an individual.

This chapter reviews (1) the imaging anatomy
of the structures related to impingement, includ-
ing the rotator cuff and biceps pulley; (2) the
multi-modality imaging manifestations of rotator
cuff disease and the various shoulder impinge-
ment syndromes; and (3) the expected and abnor-
mal appearances after surgical therapy.

5.2 Imaging Anatomy
The supraspinatus, infraspinatus, teres minor,
and subscapularis contribute to the rotator cuff.
The rotator cuff is composed of approximately
75% water and the dry weight composition is
approximately 67% type I collagen [23] and
1-5% proteoglycan/glycosaminoglycan [24].
The rotator cuff ultrastructure is complex, with
up to five distinct layers that are visible with his-
tological evaluation [25] or MR imaging [26, 27].
An important component of the rotator cuff is
the rotator cable [28]. Of note, the term rotator
cable is most commonly utilized in the radiologi-
cal literature; however the same structure has
been described under different names, including
the ligamentum semicirculare humeri [29, 30],
the transverse band [25], and the circular fiber
system [31]. The rotator cable has been described
to be an extension of fibrous tissue extending
through the rotator interval, which has been
termed the coracohumeral ligament (CHL) [25,
32] or the coracoglenohumeral ligament (CGHL)
[30] (Fig. 5.1a). The differences in terminology
reflect the different perspectives of the dense con-
nective tissue in the rotator interval. While some
consider the CHL and superior glenohumeral
ligament (SGHL) as separate structures, others
have suggested that these structures be consid-
ered a single functional unit, called either the
CHL (with the SGHL representing a limited por-
tion of this structure) [32] or the CGHL [30].

Burkhart et al. outlined the function of the
rotator cable-crescent complex in 1993 [28].
Much like a suspension bridge, the rotator cuff
and cable have anterior and posterior supporting
limbs, represented by the anterior attachment of
the supraspinatus tendon and the posterior attach-
ment of the infraspinatus tendon, respectively.
Tears that occur in the thinner, crescentic portion
of the cuff between the two intact limbs are felt to
be stress-shielded by the cable, explaining why
some cuff tears may be less biomechanically sig-
nificant [28]. In contrast, tears of the rotator cable
itself or of the supporting limbs can have dire
biomechanical consequences and should be con-
sidered for early repair [33-36]. While the rotator
cable is consistently identified on anatomic dis-
sections and at surgery [28, 37, 38], it can be seen
frequently but not invariably on imaging [37—40].
This may be due to the less conspicuous appear-
ance on imaging (Fig. 5.1b).

The deepest layer of the rotator cuff is the gle-
nohumeral joint capsule [25]. Although previ-
ously thought to be only 1-2 mm thick [25],
Nimura et al. found a much more substantial con-
tribution of the capsule to the rotator cuff, repre-
senting more than half the total tendon width at
some locations. According to Nimura et al., the
minimum capsular width was 3.5 mm, located
near the posterior portion of the supraspinatus
footprint, and this was suspected to represent the
crescent [41]. The joint capsule was found to be
thickest at the anterior margin of the greater
tuberosity and posterior margin of the infraspina-
tus tendon, measuring 5.6 and 9.1 mm on aver-
age, respectively [42]. These are believed to
represent the greater tuberosity attachment sites
of the rotator cable [41].

Our understanding of anatomy pertinent to
each rotator cuff muscle and tendon continues to
evolve. Classic descriptions in standard anatomi-
cal textbooks [43, 44] are now known to be inac-
curate or incomplete since  significant
contributions to the literature have occurred
within the last decade. Each cuff component has
unique anatomical considerations that are impor-
tant to biomechanical function. This is particu-
larly relevant to the radiologist for diagnosis and
to the orthopedic surgeon for anatomic
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Humeral
Head

Fig. 5.1 Left shoulder of a cadaveric specimen (94-year-
old man). (a) Photograph of dissection, viewed from
anterosuperior, after reflection of the rotator cuff and cap-
sule shows a distinct rotator cable (thick arrows), which is
a continuation of the coracohumeral ligament (black
dashed arrow). The superior glenohumeral ligament
(black arrow) inserts onto the fovea capitis of the humerus.

restoration. Pertinent soft tissue and osseous
anatomy for each component is further described
below.

5.2.1 Supraspinatus

The supraspinatus muscle originates from supra-
spinous fossa as well as the superior surface of
the scapular spine and is composed of distinct
anterior and posterior muscle bellies. The ante-
rior muscle belly is approximately 3-6 times
larger and also demonstrates a larger variation of
pennation angles compared with the posterior
belly [45, 46]. The greater force generation and
different contraction forces present within the
anterior belly may explain the higher incidence
of anterior tendon tears [45, 47].

The anterior belly gives rise to a longer, cord-
like tendon whereas the posterior belly gives rise
to a shorter, quadrangular shaped tendon [45]
(Fig. 5.2). The humeral attachment of the rotator
cuff tendon is frequently referred to as the foot-
print, a term coined by Tierney et al. in 1999
[48]. The footprint of the supraspinatus was first
delineated by Minagawa et al. [49], but has sub-
sequently been redefined and refined several

Humeral
Head

Diffuse chondrosis is present over the humeral head. (b)
Coronal oblique intermediate-weighted MR image of the
same specimen shows the rotator cable as a thickening of
the deep surface of the supraspinatus tendon (thick white
arrow), which is less apparent compared with the gross
image. Dissected specimen is imaged in air, which
appears black in the image

times. Our current knowledge of the supraspina-
tus footprint is that it predominantly occupies the
anteromedial portion of the superior facet (or
highest impression) of the greater tuberosity and
is triangular or trapezoidal in shape [50, 51]. The
lateral-most attachment extends over the lip of
the greater tuberosity [48]. Anatomic studies
have shown that in approximately a quarter of
specimens, fibers from the anterior tendon of the
supraspinatus cover the bicipital groove and
attach to the lesser tuberosity [50, 51]. Moser
et al. described an ‘“aponeurotic expansion” of
the anterior supraspinatus tendon, coursing ante-
rior and lateral to the long head of the biceps ten-
don, inserting distally onto the pectoralis major
tendon and evident in approximately half of their
cadaveric shoulders and clinical cases [52, 53].
According to Moser et al., this same structure has
been previously mistermed a fourth head of the
pectoralis major [54] and an accessory biceps
tendon [55-57]. Precise delineation of the anat-
omy in the anterosuperior aspect of the shoulder
requires reconciliation of the rapidly evolving
anatomical, surgical, and imaging literature.

The dimensions of the cuff footprint are clini-
cally relevant since partial-thickness tears should
be graded as low, moderate, or high grade based
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Fig. 5.2 Anatomy and pathology of the anterior muscle
belly of the supraspinatus in a 50-year-old man. (a and b)
Sagittal oblique T1-weighted and T2-weighted fat-
suppressed MR images, respectively, show calcium
hydroxyapatite deposition in the supraspinatus tendon near
the footprint (thick arrow). More medially, cordlike tendon
of anterior belly is evident (open arrow). Mild subacro-

on depth [58] and anatomic restoration in the
setting of repair requires knowledge of the foot-
print. Unfortunately, reported cuff footprint
dimensions have varied widely in the literature,
likely due to a combination of variables, includ-
ing the precise delineation of the boundaries of
the footprint, differences in degrees of capsular
dissection from the tendon [42], as well as indi-
vidual variation such as age, gender, patient size,
and race. For instance, Curtis et al. described that
the supraspinatus tendon extends over the lateral
lip of the greater tuberosity [48]; however it is
likely that the authors were measuring a portion
of the infraspinatus footprint onto what is now
called the lateral facet [59] (discussed in further
detail below). On cadaveric studies, mean supra-
spinatus footprint width (medial-lateral dimen-
sion) has been reported to vary considerably,
ranging from 6.7 to 16 mm [42, 46, 48, 50, 51,
60, 61]. Based on the current concept that the

mial-subdeltoid bursitis was present (not shown). (¢ and d)
4 years later, calcium hydroxyapatite had migrated towards
the myotendinous junction of the anterior belly with sur-
rounding edema (thin arrow) which separates the tendons
of the anterior and posterior muscle bellies of the supraspi-
natus. (e) Concurrent radiograph confirms intra-tendinous
migration of crystals (thin arrows)

supraspinatus footprint is not as large as previ-
ously described, mean length (anterior-posterior
dimension) measures approximately 20.9-32 mm
medially and 1.3—-6.4 mm laterally [50, 51]. In
contrast to gross measurements, there is a paucity
of imaging-based tendon measurements, which
some may argue would be the most useful for
clinical practice. Karthiekeyan et al. [62] per-
formed ultrasound-based measurements in 120
young healthy shoulders and found mean supra-
spinatus footprint widths of 14.9 mm in men and
13.5 mm in women. In the same study, mean
supraspinatus tendon thickness was 5.6 mm in
men and 4.9 mm in women.

5.2.2 Infraspinatus

The infraspinatus muscle originates from the
infraspinous fossa as well as the inferior surface
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of the scapular spine and is composed of two
distinct portions. The oblique (or inferior) por-
tion is approximately four to five times larger
than the transverse (or superior) portion [63,
64]. The infraspinatus tendon attaches to the
greater tuberosity and, similar to the supraspina-
tus, the footprint has also been redefined and
refined several times in recent years. Kato et al.
demonstrated that the footprint is entirely com-
posed of the tendon arising from the oblique
portion and that the tendon of the transverse
portion is membrane-like and attaches to the
posterior surface of the tendinous portion of the
oblique part [63, 64].

The greater tuberosity footprint of the
oblique portion is larger than what has been
historically described. Standard anatomical
textbooks recognize three facets (or impres-
sions) of the greater tuberosity: superior (or
horizontal), middle (or oblique), and inferior
(or vertical) [43, 44]. More recent studies have
suggested that the infraspinatus footprint occu-
pies the entire middle facet and approximately
half of the superior facet [50, 51]. However, in
2015, Nozaki et al. proposed a fourth facet (or
impression) of the greater tuberosity, which
they termed the lateral facet (Fig. 5.3) [59].
The lateral facet is triangular in shape, variable
in size, located posterolateral to the superior
facet, and was recognized in all 87 specimens
of their study. The authors demonstrated that
the anterior extent of the infraspinatus foot-
print is onto the lateral facet. The orientation of
the facets of the humeral tuberosities is related
to rotator cuff muscle function and may repre-
sent an anatomical factor involved in patho-
genesis of rotator cuff tears [65, 66]. Le
Corroller et al. demonstrated that a decrease in
dorsal orientation of the middle facet in the
sagittal plane was associated with higher like-
lihood of cuff tearing [65].

Similar to the supraspinatus tendon, the
reported infraspinatus footprint dimensions
have varied widely in the literature. On cadav-
eric studies, mean infraspinatus footprint width
(medial-lateral dimension) has been reported to

range from 6.9 to 15.1 mm [42, 48, 50, 51, 60].
Based on the current concept that the footprint
of the infraspinatus occupies the entire middle
facet and approximately half of the superior
facet (or lateral facet), the mean length (ante-
rior-posterior dimension) measures 22.9 mm
medially and 25.6-32.7 mm laterally [50, 51].
Of note, Mochizuki et al. found a far anterolat-
eral extent of the infraspinatus footprint, with
mean distance between the most anterior edge
of the footprint and the bicipital groove measur-
ing 1.3 mm [51]. Lumsdaine et al. found a
greater mean distance between the most anterior
edge of the infraspinatus footprint and the bicip-
ital groove, measuring 6.4 mm [50]. The differ-
ences may be due to ethnic variation since
Mochizuki et al. used 128 shoulders from
Japanese donors whereas Lumsdaine et al. used
54 shoulders from Australian Caucasoid donors.
Using ultrasound on young healthy shoulders,
Karthiekeyan et al. [62] found that the mean
thickness of the infraspinatus tendon measures
4.9 mm in men and 4.4 mm in women. Michelin
et al. measured a mean infraspinatus tendon
thickness of 2.2 mm on MRI [67] and 2.4 mm
on ultrasound [68].

5.2.3 Teres Minor

The teres minor muscle originates from the mid-
dle portion of the lateral edge of the scapula and
a variable dense fascia of the infraspinatus mus-
cle [69]. At the myotendinous junction, the teres
minor appears as superior and inferior bundles
[70]. The superior bundle originates from the lat-
eral edge of the scapula and inserts onto the infe-
rior facet as an oval footprint. The inferior bundle
originates from both the lateral edge of the scap-
ula and a dense fascial septum between the infra-
spinatus and teres minor muscles, and attaches as
a band to the surgical neck of the humerus. Saji
et al. dissected seven shoulders and found that the
dense fascia was aplastic in one case. In the set-
ting of an absent fascia, the teres muscle extends
to cover the infraspinatus and the borders between
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Fig. 5.3 30-Year-old man with a large lateral facet of the
greater tuberosity as described by Nozaki et al. (a and b)
Volume-rendered CT images shows the lateral facet in
profile (a, thick arrow) and en face (b, dashed outline).
Superior (arrowhead) and middle (open arrow) facets are
marked. (¢ and d) Coronal oblique CT and T1-weighted
fat-suppressed MR arthrogram images show the large lat-

the infraspinatus and teres minor muscles can be
difficult to identify on MR imaging [71]
(Fig. 5.4).

Similar to the rest of the cuff, reported mean
dimensions of the footprint vary widely in the lit-
erature. On cadaveric studies, mean width
(medial-lateral dimension) ranges from 11.4 to
21 mm and mean length (superior-inferior dimen-
sion) ranges from 20.7 to 29 mm [48, 60].

eral facet (thick arrows), which is located posterolateral to
the superior facet and represents the anterior infraspinatus
footprint and the bursal side of the cuff at this location.
Also evident is moderate-grade partial-thickness articular
sided tearing of the supraspinatus tendon (dashed arrow)
and posterosuperior labral tearing with adjacent chondral
damage (thin arrow)

5.2.4 Subscapularis

The subscapularis muscle originates from the
medial two-thirds of the anterior surface of the
scapula [72]. The superior two-thirds of the sub-
scapularis muscle transitions to tendon at the
level of the glenoid and blends with joint capsule
fibers before inserting onto the lesser tuberosity
[73, 74]. The inferior one-third is the so-called
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Fig. 5.4 Anatomic variations and pathology of the teres
minor muscle. (a) Sagittal oblique T1-weighted image of
a 21-year-old woman with well-delineated infraspinatus
(thick arrow) and teres minor (thin arrow) muscles. (b)
Sagittal oblique TI1-weighted image of a 23-year-old
woman with an indistinct boundary between the infraspi-
natus (thick arrow) and teres minor (thin arrow) muscles,
indicating a hypoplastic fascial septum. (¢ and d) Sagittal

muscular insertion, attaching onto the surgical
neck of the humerus via a thin, membranous
structure [66, 73, 74].

Similar to the rest of the cuff, our knowledge
of the subscapularis tendon and footprint contin-
ues to evolve. The subscapularis tendon is com-

and coronal oblique T1-weighted images in a 53-year-old
man with selective atrophy of the superior bundle of the
teres minor muscle. An oval-shaped tendon arises from
the atrophic superior muscle bundle (open arrow) and
attaches onto the inferior facet of the greater tuberosity.
The normal inferior bundle attaches onto the posterior
aspect of the surgical neck of the humerus (arrowhead)

posed of several smaller intramuscular tendons
and the superior-most insertion is a thin slip,
which attaches to the fovea capitis of the humerus
[70, 73] (Fig. 5.5). Many authors have found that
the superior glenohumeral ligament also attaches
to the fovea capitis [75-77], although some have
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Fig. 5.5 Subscapularis anatomy and pathology. (a) Left
cadaveric shoulder specimen (same specimen shown in
Fig. 5.1, viewed from anterosuperior), after the subscapu-
laris tendon was cut and reflected (thick arrows), shows the
articular side of the tendon. Both the superior glenohumeral
ligament and superior-most subscapularis tendon insert onto
the fovea capitis of the humerus (black arrow). The rotator
cable is less apparent than in Fig. 5.1 due to the far reflection
of the superior cuff. (b) Volume-rendered CT image of the
left shoulder of a 34-year-old man demonstrates the four
facets of the subscapularis footprint (F1-F4) as described by
Yoo et al. [66] as well as superior-most tendon fibers which

insert onto the fovea capitis as described by Arai et al. [73]
(dashed arrow). (¢) Coronal oblique T2-weighted fat-sup-
pressed MR image of a 24-year-old man shows an intact
subscapularis tendon (thick arrows) inserting onto the top
two facets of the lesser tuberosity (LT). Greater tuberosity
(GT) is marked. (d) Coronal oblique T2-weighted fat-sup-
pressed MR image of a 46-year-old man shows a tear of
subscapularis tendon, which involves the superior-most ten-
don fibers and first two facet attachments. Tear is of full
thickness at the first facet (disrupted from articular side
through lateral hood, thin arrows) and partial thickness at the
second facet (arrowhead)
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suggested that the superior glenohumeral liga-
ment attaches to the tendinous slip of the sub-
scapularis instead [78].

Although prior authors have described the
footprint of the subscapularis to be shaped as a
comma [48, 79] or the state of Nevada [74], a
study in 2015 [66] has found that the footprint is
best evaluated from a three-dimensional perspec-
tive. In a cadaveric and clinical study, Yoo et al.
described the three-dimensional footprint anat-
omy, which consists of four bony facets [66]. The
superior-most facet consists of approximately
one-third of the entire footprint and the top two
facets consist of 60% of the entire footprint. The
third and fourth facets represent the so-called
muscular insertion onto the surgical neck of the
humerus (Fig. 5.5b).

Similar to the rest of the cuff, reported mean
dimensions of the footprint vary; however,
based on cadaveric studies, the mean width
(medial-lateral dimension) ranges from 15 to
26 mm and mean length (superior-inferior
dimension) ranges from 18 to 24 mm [48, 60,
74, 79]. Yoo et al. [66] found a mean width of
13.5 mm and a combined mean length of
51.5 mm; however their measurements were
oblique relative to the standard imaging planes
used with imaging, and therefore cannot be
directly compared using CT or MRI. Based on

P
A

Fig. 5.6 Normal and abnormal biceps pulleys. (a and b)
Reformatted sagittal-oblique MR arthrogram image from a
T1-weighted fat-suppressed 3D-FSE acquisition shows a
normal biceps pulley, including a normal superior gleno-
humeral ligament (white arrows) and coracohumeral liga-
ment (arrowheads). (c¢) Sagittal-oblique T2-weighted

studies that have evaluated the mean widths of
both supraspinatus and subscapularis tendon
footprints [48, 60, 66], a practical guideline is
that the superior aspect of the subscapularis
footprint should be approximately 25-40%
greater than the supraspinatus footprint. Using
ultrasound, mean subscapularis tendon thick-
ness has been described to be 4.4 mm in men
and 3.8 mm in women [62].

5.2.5 Biceps Pulley

The biceps pulley (or reflection pulley) [32, 78,
80] is an important part of the rotator interval,
serving to maintain the position of the long head
of the biceps tendon, and the detailed anatomy is
covered in Chap. 13. In brief, the pulley system is
a tendoligamentous sling, consisting of the cora-
cohumeral ligament (CHL), superior glenohu-
meral ligament (SGHL), and fibers of the
supraspinatus  and  subscapularis  tendons
(Fig. 5.6). As described above, the precise delin-
eation of the CHL and SGHL is debatable and
some experts advocate for the consideration of
these ligaments as a single ligamentous structure
with variable parts rather than separate ligaments
[30, 32]. However, many other experts describe
each structure individually.

fat-suppressed image shows a thick coracohumeral liga-
ment (open arrow) with partial tearing of the superior gle-
nohumeral ligament (dashed arrow), consistent with
chronic injury. Improved visualization of these structures
is made possible due to the presence of a joint effusion and
synovial proliferation in the subacromial-subdeltoid bursa
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5.3  Pathologic Conditions

This section describes the external (subacromial
and subcoracoid) and internal (posterosuperior and
anterosuperior) impingement syndromes as well as
their imaging manifestations. Subacromial, sub-
coracoid, and anterosuperior impingement syn-
dromes can affect adults of all ages while
posterosuperior impingement is more common in
young and middle-aged individuals involved in
repetitive overhead motions. By far the most com-
mon impingement syndrome is subacromial
impingement. For this chapter, rotator cuff disease
is discussed together with subacromial impinge-
ment, although some degree of cuff disease is typi-
cally present in all of the impingement syndromes.

Rotator Cuff Disease
and Subacromial
Impingement

5.3.1

5.3.1.1 Rotator Cuff Disease: Definition
and Characterization
Rotator cuff disease is an umbrella term that can
include calcific tendinitis, muscle tearing, or dis-
orders involving the glenohumeral joint capsule
(adhesive capsulitis) or subacromial-subdeltoid
bursa (tendinobursitis). However, in this chapter
we use the term rotator cuff disease to refer to
tendinopathy and tendon tearing. At the histo-
logic level, tendinosis is characterized by micro-
scopic collagen fiber disruption, a decrease in
type I collagen, glycosaminoglycan accumula-
tion, and an increase in water content [§1-83].
Tendon tears are macroscopically evident,
either by gross inspection or by imaging. Partial-
thickness tears can be classified into articular
sided, bursal sided, or intra-substance tears (also
referred to as interstitial, intratendinous, or con-
cealed tears). It is generally agreed upon that
articular sided tears are at least twice as common
as bursal sided tears [58, 84] and both have been
associated with shoulder impingement syndromes
[8]. Cadaveric studies have shown pure intra-sub-
stance tears to be twice as common as articular
sided tears [85]; however this has not been con-

firmed in patients at surgery or on imaging, which
may be due to inherent limitations with what is
considered the reference standard. Partial-
thickness tears typically begin 13—15 mm poste-
rior to the biceps tendon, near the junction of the
supraspinatus and infraspinatus tendons [86].

The typical site of initiation in the medial-
lateral dimension may vary depending on the
type of partial-thickness tear. In a study of 12
en bloc surgical specimens with bursal sided
tears, Fukuda et al.. found all the tears develop-
ing within 1 cm of the insertion, with nine
beginning slightly farther away from the inser-
tion [87]. In a similar study of 17 specimens
with intra-substance tears, Fukuda et al. found
11 (65%) of the specimens with tears that
extended into the enthesis (insertion) [88]. To
our knowledge, a histological study document-
ing the frequencies of articular sided tear initia-
tion sites in the medial-lateral dimension has
not been performed, but most authors consider
these tears to begin at [86] or near [89] the
humeral insertion.

The most commonly used classification of
partial-thickness tears is the Ellman classifica-
tion, which characterizes the cuff based on the
assumption that an average intact cuff thickness
is 10—12 mm [58]. Partial-thickness tears can be
classified as low grade (grade 1, <3 mm deep),
moderate grade (grade 2, 3—6 mm deep), or high
grade (grade 3, >6 mm deep). The natural his-
tory of partial-thickness cuff tears is not well
understood and some authors have found low
rates of tear progression; however there is bio-
mechanical evidence to support repair of tears
involving greater than 50% of the tendon [90].
Based on available data, tears that involve less
than 50% of the tendon can be debrided with
good results [91].

Full-thickness tendon tears allow communica-
tion between the glenohumeral joint and
subacromial-subdeltoid bursa. A full-thickness tear
can be pinhole in size or involve an entire tendon
(which is referred to as a full-thickness, full-width
tendon tear). Compared with partial-thickness
tears, full-thickness tears are associated with more
synovial inflammation and tendon degeneration
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[92]. Full-thickness tears of the supraspinatus and
infraspinatus tendons can be classified based on
shape at the time of surgery [93] or on preoperative
MRI [94], although one study found limited con-
cordance for L-shaped tears [95]. A practical
method of reporting is to describe the tendons
involved and to measure the anterior-posterior and
medial-lateral (retraction) dimensions of the tear
[96]. Some authors define massive cuff tears as
full-thickness tears that are greater than 5 cm in the
largest dimension and involve two or more rotator
cuff tendons [97, 98]. Of note, measurement preci-
sion can be limited in the setting of markedly
degenerated tissue edges, even at surgery [99].
Delamination of the cuff, defined as intratendinous
horizontal splitting between the articular and bursal
layers, is common and estimated to be approxi-
mately 56% on non-contrast MRI exams [100].
The presence of delamination should be detected
on imaging since it can be missed during routine
arthroscopy and result in lower healing rates if
untreated [101].

Changes in muscle volume can be seen in rota-
tor cuff disease, particularly with chronic tendon
tears, likely due to a combination of mechanical
unloading [102] and denervation [103]. Although
part of the same process, fatty infiltration and
muscle atrophy have been shown to be indepen-
dent predictors of functional outcome after repair
[104]. Fatty infiltration and muscle atrophy can be
readily detected on CT, ultrasound, and MRI. Both
of these processes are important [105, 106], but a
complete discussion of muscle disease is beyond
the scope of this chapter.

5.3.1.2 External Subacromial
Impingement Syndrome:
Definition and Associations
The term impingement syndrome can be defined as
a painful, localized compression of the rotator cuff
tendon [107]. The most common subtype of the
shoulder impingement syndromes is external sub-
acromial impingement, which refers to compres-
sion of the rotator cuff by the coracoacromial arch
above and the humerus below. There exist so many
different uses of the term subacromial impinge-
ment syndrome in the literature that several authors

have proposed abandoning the term altogether and
instead using the term subacromial pain syndrome
[108] or rotator cuff disease [109], or simply
describing tendinosis or tears of the rotator cuff
[110]. However, the term impingement syndrome
remains commonly used in practice and is recog-
nized as a disease in the tenth revision of the
International Statistical Classification of Diseases
and Related Health Problems (ICD) published by
the World Health Organization.

Much of the controversy behind the term
stems from authors who differ in their belief of
the relative importance of the factors involved in
rotator cuff disease. In 1972, Charles Neer intro-
duced the concept of impingement syndrome in
his landmark article which included 100 cadav-
eric scapulae and 46 patients [111]. He suggested
that rotator cuff disease resulted from impinge-
ment from the anterior one-third of the acromion,
coracoacromial ligament, and acromioclavicular
joint on the supraspinatus tendon, sometimes
extending onto the anterior infraspinatus tendon
and long head of the biceps tendon. The belief
that extrinsic compression was the primary cause
of rotator cuff tendon disease led to the use of the
term impingement syndrome to be synonymous
with rotator cuff disease in general [109].
However, we now know that rotator cuff disease
can be asymptomatic and therefore labeling all
tendon abnormalities as impingement syndrome
would be inappropriate. In addition, using
dynamic ultrasound and MRI, authors have
shown that asymptomatic contact can occur
between the intact rotator cuff and the acromion,
coracoacromial ligament, and acromioclavicular
joint, which is felt to be physiologic [112, 113].
Contact alone cannot be labeled as impingement
syndrome since, by a common definition, pain
must be present.

It is now widely recognized that the patho-
physiologic cause of rotator cuff disease is multi-
factorial, although the relative importance of
each component remains debated. Regardless of
whether or not contact between the cuff and
extrinsic structures is causative (primary) or sec-
ondarily involved, after the rotator cuff tendon
becomes diseased, nociceptive units in tendon,
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bursa, and subchondral bone become sensitized
[114, 115] and physiologic contact forces can
induce pain. This is supported by a study from
Gellhorn et al. in 2015, who utilized intense
focused ultrasound and were not able to elicit
sensation in a control group, but in patients with
rotator cuff disease sensations were elicited in the
cuff, subacromial bursa, and subchondral bone at
intensities less than half of what was used in the
control group [116].

An abundance of literature has demonstrated
many associations between rotator cuff disease
and extrinsic structures, including congenital and
developmental variants in bone and soft-tissue
shape, acquired and often degenerative bone
production, as well as os acromiale. The reader
should be aware that statistically significant asso-
ciation is insufficient to establish causality with-
out evidence of direction of influence. However,
despite the continued controversy of causation,
most practitioners would agree that it is impor-
tant to be aware of lesions that have been associ-
ated with rotator cuff disease.

Neer described proliferative spurs which were
frequently present in cases of impingement, and
when anterolateral acromioplasty and coracoac-
romial ligament release were performed, patient
satisfaction and relief of pain were achieved
[111]. Subsequent literature has shown that the
proliferative spurs described by Neer represent
coracoacromial enthesophytes [88, 117, 118]
(Fig. 5.7). Coracoacromial enthesophytes as well
as lateral deltoid enthesophytes have been associ-
ated with full-thickness cuff tears in symptomatic
patients [119].

Bigliani et al. [120] proposed a classification
of acromial morphology: type I, flat; type II,
curved; and type III, hooked. Classification of
acromial morphology is controversial with sev-
eral investigators showing poor reliability using
radiographs [121-127]. This may arise from dif-
ferences in projection angle or confusion in ter-
minology and misclassification of type I and II
acromions with subacromial enthesophytes as
type III acromions [128]. These differences may
explain the vastly conflicting results of some stud-
ies. For instance, Nicholson et al. found that acro-
mial morphology is an age-independent, primary

anatomic characteristic [129], whereas others
have found it to be an age-dependent acquired
characteristic [130, 131]. Many authors have
found associations of Bigliani type III acromion
morphology with cuff degeneration and tearing
[122, 123, 132-137]. In addition some authors
have found associations of cuff disease with acro-
mial slope in the sagittal [138, 139] or coronal
planes [18, 139, 140], whereas others have not
[17]. Previous reports have suggested that scapu-
lar dyskinesia was involved in the pathogenesis
of impingement syndrome [141]; however a sys-
tematic review by Ratcliffe et al. in 2014 demon-
strated that there is insufficient evidence to
support this [142].

Inferiorly directed osteophytes from the acro-
mioclavicular joint have also been associated
with rotator cuff tears [143—145]. Many studies
have advocated for arthroscopic distal clavicular
resection in the presence of rotator cuff patholo-
gies, although nearly all were level IV evidence
[146-153]. Randomized, controlled trials (level I
evidence) published in 2014 [154] and 2015
[155] found that arthroscopic distal clavicular
resection did not result in better clinical or struc-
tural outcomes compared with rotator cuff repair
alone. In addition, distal clavicular resection can
lead to symptomatic acromioclavicular joint
instability [154]. However, arthroscopic distal
clavicular resection is still frequently performed
and therefore radiologists should make note of
large osteophytes when present.

Anatomic studies have also focused on the
coracoacromial ligament and its role in impinge-
ment. The CAL can have a variety of shapes
including a Y-, V-, quadrangular, broad band, and
multi-banded  configurations  [156,  157].
Subacromial enthesophytes preferentially form
at the anterolateral aspect of the CAL [158].
Additionally, CAL morphologies that demon-
strate more than one band have been associated
with rotator cuff degeneration [156]. Although
some authors have advocated for coracoacromial
ligament release, either alone or in combination
with other procedures [159-162], biomechanical
studies have suggested that the ligament is an
important restraint to superior subluxation of the
humeral head [163].
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Fig. 5.7 Subacromial enthesophytes associated with
rotator cuff disease and external subacromial impinge-
ment in a 62-year-old man (a and b) and a 60-year-old
man (c and d). (a and b) Supraspinatus outlet radiograph
and sagittal-oblique T1-weighted MR image show a large
subacromial enthesophyte (thin arrows), which was asso-
ciated with a full-thickness full-width tear of the supraspi-

Os acromiale results from failure of fusion of
the anterior acromion during development and
has been associated with impingement syndromes
and rotator cuff disease [164, 165]. A meta-analy-
sis in 2014 pooled data from 26 articles reported
a 7% crude prevalence of os acromiale [166]. The
acromial apophysis is composed of four ossifica-
tion centers: basi-acromion, meta-acromion,

natus and partial-thickness tearing of the biceps tendon
(not shown). (¢ and d) AP radiograph and coronal oblique
T1-weighted MR image show subacromial (thin arrows)
and greater tuberosity (open arrows) enthesophytes,
which were associated with rotator cuff and biceps tendon
disease (not shown). Acromioclavicular joint osteoarthro-
sis is present (arrowhead)

meso-acromion, and pre-acromion. The type of
os acromiale is defined by the unfused segment
immediately anterior to the site of nonunion
(Fig. 5.8). The os meso-acromiale subtype is most
common (failed fusion between the meta-
acromial and meso-acromial ossification centers)
(Fig. 5.8a, b) [129, 164, 167]. Pain can arise from
the nonunion site itself or from dynamic impinge-
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Fig.5.8 Os acromiale variants in three different patients.
(a and b) Coronal oblique and axial T1-weighted fat-
suppressed MR images after contrast injection into the
glenohumeral joint show communication with the
subacromial-subdeltoid bursa through a retracted, full-
thickness supraspinatus tendon tear (dashed arrow). In

ment, whereby deltoid contraction during arm
elevation narrows the cuff outlet [168].

5.3.1.3 Radiographic and CT Findings

Radiography is the most appropriate initial imag-
ing modality for evaluation of shoulder pain of
any etiology [169]. Calcium hydroxyapatite
deposition, fractures, acromioclavicular osteoar-
throsis, and glenohumeral osteoarthrosis can be
readily diagnosed with radiographs. Local radio-

addition, there is superior subluxation of the humerus
with contrast extending into an unstable os meso-
acromiale (open arrow). (c¢) Sagittal-oblique T1-weighted
MR image shows an os pre-acromiale (arrowhead). (d)
Axial gradient fat-suppressed MR image shows an os
meta-acromiale with degenerative changes (arrow)

graphic protocols vary, but all radiographic
shoulder studies should include a frontal radio-
graph, which can either be an anteroposterior
(AP) projection with the humerus in neutral,
internal, or external rotation or be a Grashey pro-
jection, which is in the plane of the scapula.
Although radiographs cannot directly visualize
the rotator cuff, the acromiohumeral distance has
been used to indirectly evaluate the tendon. A sys-
tematic review in 2015 has questioned the reliability
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of this measurement on radiographs, particularly
using non-standardized techniques [170]. Despite
this, the acromiohumeral distance continues to be
used in general practice. A measurement of less
than 67 mm has been reported to be a specific sign
of a full-thickness cuff tear [171] and the amount of
reduced distance is correlated with the size of the
tear [172, 173]. More recently, Goutallier et al. sug-
gested that an AHD of less than 6 mm almost sys-
tematically involves a full-thickness, full-width, or
near-full-width tear of the infraspinatus tendon with
advanced fatty degeneration, and is not amenable to
surgical repair [174].

Osseous changes near the tuberosities of the
humerus have also been reported to be associated
with cuff disease. Most but not all [175] studies
have found an association between intraosseous
cystic changes near the superior facet of the
greater tuberosity and cuff disease [176—180].
Similarly, most but not all [178] studies have
found the same association for cysts near the
lesser tuberosity [181-183]. However, more pos-
teriorly located cysts near the bare area generally
have not shown an association with cuff disease
[176, 177, 184] and have been considered a nor-
mal variant by some authors [185].

The association of enthesophytes, cortical
thickening, and subcortical sclerosis at the tuber-
osities and cuff disease is less well established.
There are conflicting results in the literature with
some authors finding an association between
enthesophyte formation/subcortical sclerosis at
the greater tuberosity, and rotator cuff disease
(Fig. 5.7¢,d) [175, 186] whereas others have found
no association [187]. Koh et al. reported that the
Grashey view is more sensitive than conventional
AP view for the detection of greater tuberosity
enthesophytes, cysts, and sclerosis [186].

A subacromial enthesophyte is a highly spe-
cific but late radiographic finding of external sub-
acromial impingement (Fig. 5.7) [188-190]. To
improve detection of a subacromial entheso-
phyte, the AP projection can be modified with
30-degree caudal angulation of the beam [189,
191]. The supraspinatus outlet view (also known
as the modified trans-scapular lateral or Y- views)
is obtained at 5-10° of caudal angulation and can

also demonstrate acromial morphology and sub-
acromial enthesophytes (Fig. 5.7a) [191].
Fluoroscopy has a limited role in the evaluation
of patients with cuff disease, but may help iden-
tify subacromial enthesophytes [192] and may be
useful for directing injections.

An os acromiale can be detected on radio-
graphs, with a higher sensitivity using the axillary
radiograph compared with the AP view or the
supraspinatus outlet view (73.5%) [193].
Familiarity with the appearance of the overlapping
shadows of the os acromiale and remaining acro-
mion on the AP and supraspinatus outlet views can
facilitate detection [193]. Despite this, a meta-
analysis in 2014 demonstrated that crude radio-
logical prevalence (4.2%) was less than half of the
true anatomical prevalence (9.6%), confirming the
suboptimal sensitivity of radiographs [166].

Computed tomography (CT) arthrography has
also been used for evaluation of the rotator cuff,
particularly when MR imaging is contraindi-
cated. For evaluation of full-thickness tears of the
supraspinatus and infraspinatus tendons, sensi-
tivity and specificity of CT arthrography have
been reported to be similar to those of MR
arthrography [194, 195]. However, sensitivity for
subscapularis tendon tear detection has been
shown to be lower compared with the other cuff
tendons when evaluated with CT arthrography
[194, 196, 197]. In addition, CT arthrography
with intra-articular contrast is less sensitive than
MRI for partial-thickness tears, especially bursal
sided tears [194, 195].

5.3.1.4 Ultrasound Findings

Ultrasound technique and findings of the normal
and abnormal rotator cuff are covered in the
Sonographic Evaluation of the Shoulder chapter.
A meta-analysis by Roy et al. in 2015 has found
that ultrasound demonstrates comparable diag-
nostic accuracy to MRI and MR arthrography for
the characterization of full-thickness cuff tears
with overall sensitivity and specificity estimates
greater than 90% [198]. As for the diagnosis of
partial tears and tendinopathy on ultrasound, esti-
mates for specificity were high (94%), but sensi-
tivity was lower (68% for partial tears and 79%
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for tendinopathy). When considering accuracy,
cost, and safety, the authors concluded that ultra-
sound was the best option [198]. When greater
tuberosity irregularities are detected on ultra-
sound, the operator should have a high index of
suspicion for rotator cuff tearing since this find-
ing has been shown to be a reliable indicator
[199].

Dynamic assessment of the rotator cuff and
surrounding structures can also be performed
with ultrasound. Dynamic imaging signs that
have been associated with subacromial impinge-
ment include increased thickness (also referred
as gathering or bunching) of the subacromial-
subdeltoid bursa [200, 201] or supraspinatus ten-
don [201] lateral to the coracoacromial arch
during arm abduction. Less commonly, upward
migration of the humeral head during active ele-
vation of the arm prevents passage of the greater
tuberosity and cuff beneath the acromion [201].
Other authors have found that thickening of the
bursa during abduction is a less useful sign for
impingement since it may be seen to a similar
degree in healthy volunteers [202] and may be
negative in approximately 20% of patients with
impingement [203]. Patient pain during dynamic
maneuvers should be noted since diagnostic
accuracy for impingement is increased when
both objective ultrasound signs and subjective
pain are simultaneously present [204, 205].

5.3.1.5 MR Findings

There are limited studies evaluating the accuracy
of diagnosing tendinosis on MRI. This is largely
due to the complex structure as well as the orien-
tation of the rotator cuff. On MRI, tendinosis of
cylindrical tendons such as the Achilles is diag-
nosed by the presence of increased signal inten-
sity [206]. However, unlike the Achilles tendon
which demonstrates parallel orientation to the
main magnetic field (B,) through its course, the
superior rotator cuff tendon makes a near-90-
degree turn as it originates from the muscle and
inserts onto the greater tuberosity. It is well
known that as collagen fiber orientation
approaches 54.7° relative to the main magnetic
field, frequency changes from dipolar interac-
tions are minimized and signal intensity is maxi-

mum [207]. This is known as the magic angle
effect [208] and up to a sixfold change in signal
intensity has been shown in histologically normal
regions of the rotator cuff tendon at 3 T depend-
ing on orientation [27]. Furthermore, the rotator
cuff is composed of distinct tendons that course
in different orientations. For instance, at the
superior facet of the greater tuberosity, the pre-
dominant orientation of the supraspinatus is
medial to lateral whereas the predominant orien-
tation of the anterior infraspinatus tendon fibers
is anterior to posterior. This can result in different
signal intensities of the individual contributions
to the cuff [26, 27, 67].

However, not all increases in intratendinous
signal are artifactual and MRI-histology correla-
tion studies have shown that signal increases and
increased thickness of the cuff tendon can corre-
late with histologically determined tendinosis
[209, 210]. A practical approach for the diagnosis
of tendinosis is to rely on the combined findings
of increased signal intensity within the cuff with-
out extension to the articular or bursal surfaces as
well as swelling, or increased thickness of the
tendon [211]. The signal intensity abnormality
should be less than that of fluid. Additionally, in
the setting of increased signal without tendon
caliber change, recognizing the usual location of
the magic angle effect in the adducted shoulder
(downsloping region) can prevent false-positive
diagnoses [211]. Sein et al. found excellent intra-
observer reliability for the grading of MRI-
determined supraspinatus tendinosis at 1.5 T
(intraclass correlation coefficient, ICC, 0.85), but
only fair to good inter-observer reliability (ICC,
0.55). At 3 T, Bauer et al. found excellent intra-
observer reliability (kappa, 0.84-0.93) and
moderate-to-good  inter-observer  reliability
(kappa, 0.55-0.74) [212].

Partial-thickness tears of the rotator cuff can
be diagnosed when there is signal abnormality
extending to a surface of the cuff, approaching
the intensity of fluid. Increased linear fluid-signal
intensity that extends along the long axis of the
tendon can represent a partial-thickness intra-
substance tear [34] or delamination when there is
communication with the bursal or articular sur-
faces. The accuracy of MRI for partial-thickness
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cuff tears is lower than that for full-thickness cuff
tears, and meta-analyses have found standard
MRI to demonstrate 64-67% sensitivity and
92-94% specificity and direct MR arthrography
to demonstrate 83—86% sensitivity and 93-96%
specificity [198, 213]. Pitfalls for the diagnosis of
a partial-thickness tear include volume averaging
for small tears due to a low ratio between tear
size and voxel size as well as fibrovascular tissue
residing in the tear, both of which will cause sig-
nal intensity to be less than that of fluid. A unique
partial-thickness bursal sided tear involves the
transverse head of the infraspinatus tendon,
which can be avulsed and retracted from the
oblique portion [26, 63].

Full-thickness tears of the rotator cuff typi-
cally demonstrate a fluid signal intensity defect
[214]. MRI is very accurate for full-thickness
cuff tears with meta-analyses showing 90-92%
sensitivity and 93% specificity for standard MRI
and 90-95% sensitivity and 95-99% specificity
with direct MR arthrography [198, 213]. For the
diagnosis of partial- or full-thickness tendon
tears using indirect MR arthrography, studies
have shown comparable sensitivity, specificity,
and accuracy with direct MR arthrography [215,
216]. In addition, a study in 2014 has suggested
that a single 3D T1-weighted FSE sequence is
comparable to conventional 2D sequences [217].

5.3.2 External Subcoracoid
Impingement

5.3.2.1 Definition

External subcoracoid impingement (also known
as coracoid impingement) is an uncommon cause
of anterior shoulder pain, resulting from impinge-
ment of the subscapularis or biceps tendon
between the coracoid process and lesser tuberos-
ity [218-221]. Unfortunately a literature review
by Martetschlager et al. [222] in 2011 found that
our knowledge of subcoracoid impingement is
not supported by rigorous scientific studies, espe-
cially with regard to diagnosis, physical exami-
nation, imaging, treatment options, and expected
outcomes. In fact, there have been no prospective
randomized trials or comparative studies pub-

lished to date. However, the concept of subcora-
coid impingement has been recognized for over a
century [223].

External subcoracoid impingement may be
due to idiopathic, iatrogenic, or traumatic causes.
Idiopathic causes include anatomic variations,
such as a long coracoid process, protuberant
lesser tuberosity, or space-occupying lesions
including ganglion cysts and heterotopic ossifica-
tion [220, 222, 224-228]. latrogenic causes
include surgical procedures such as coracoid
transfer, posterior glenoid osteotomy, or acromi-
onectomy [220]. Posttraumatic causes can be due
to fractures of the scapula, including the coracoid
process, glenoid or neck, or proximal humerus
[220]. Furthermore, anterior glenohumeral insta-
bility can also cause narrowing of the coracohu-
meral distance [229, 230].

The diagnosis of subcoracoid impingement is
challenging. Symptoms are described as dull,
anterior shoulder pain aggravated by forward
flexion and internal rotation [220]. The most
common findings reported on imaging include
subscapularis tendon disease (either bursal sided
or articular sided [8]) and/or narrowing of the
coracohumeral interval, which is the space
between the coracoid process and anterior
humerus.

5.3.2.2 Radiographic and CT Findings

Radiographs may demonstrate a far laterally pro-
jecting or a chevron-shaped coracoid process on
the AP or supraspinatus outlet views, respectively
[231, 232]. Axillary views have not been reported
to be helpful for diagnosis [233]. Cystic changes
near the lesser tuberosity may be present [233].
The coracoid index was first described on CT,
defined as the lateral projection of the coracoid
process beyond the glenoid joint line [233]. Dines
et al. reported a mean value of 8.2 mm (range—
2.5 to 25 mm) in healthy shoulders and an index
of 23.5 mm in one of their patients [233]. The
coracohumeral interval has also been measured
on CT. In healthy shoulders, Gerber et al. reported
a mean value of 8.7 mm for an adducted arm and
6.8 mm for the arm in flexion and internal rotation,
concluding that subcoracoid impingement was
more likely during forward flexion of a shoulder
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Fig. 5.9 67-year-old man with left shoulder pain. (a and
b) Axial intermediate-weighted MR images show a high-
grade partial-thickness tear of the subscapularis tendon
involving the articular side and lateral hood (arrow). The
biceps tendon is also partially torn and medially subluxed

with a far laterally projecting coracoid tip close to
the scapular neck [234]. Masala et al. also found
that CT was useful for the measurement of the
coracohumeral interval and was sensitive to even
slight bone changes [235]. Abnormal coracohu-
meral interval values have been described on MRI
and subsequently adopted to CT, although to date
there are no studies correlating measurements
made between the two modalities.

5.3.2.3 Ultrasound Findings

Tracy et al. performed sonography on asymptom-
atic volunteers and patients with the clinical diag-
nosis of subcoracoid impingement. Using a linear
array transducer with the arm adducted across the
chest, mean coracohumeral distance was
12.2 mm (range 7.8—17.5 mm) for the volunteers
and 7.9 mm (range 5.9-9.6 mm) for the patients.
In addition, in patients with subcoracoid impinge-
ment, bursal thickening in the subcoracoid region
can be seen which can cause an anterior snapping
sensation visible on dynamic sonography [236,
237]. As described above, ultrasound is also use-
ful for the diagnosis of subscapularis tendon dis-
ease, including tendinosis.

(arrowhead). There is a narrowed coracohumeral interval,
measuring 5 mm, with cystic changes within the lesser
tuberosity. Subcoracoid and subacromial-subdeltoid bur-
sitis is present. Subcoracoid impingement was raised
which was clinically confirmed

5.3.2.4 MR Findings

Several investigators have reported on coracohu-
meral intervals as measured on MRI [8, 238-245]
(Fig. 5.9). Although previous authors have found
statistically significant differences in mean val-
ues between individuals with and without sub-
coracoid impingement, no ideal cutoff value
exists with high sensitivity and specificity [241].
However, in patients clinically suspected to have
subcoracoid impingement, a value of 6 mm or
less has been used to be consistent with the dis-
ease [8, 241-244].

Associated subscapularis tendon disease can
be diagnosed on MRI. Partial-thickness tendon
tears can be articular sided, bursal sided (involv-
ing the anterior surface), or intra-substance (also
called interstitial delamination [246] or a con-
cealed lesion [66]). Full-thickness tears demon-
strate a focus of complete tendon discontinuity
[247], which can either extend from the articular
side to the bursal side or extend from the articular
side to the lateral edge of the tendon (also termed
the lateral hood or lateral end [66]) when involv-
ing the footprint (Fig. 5.5d). Several classifica-
tions of subscapularis tendon tears exist, including



5 Imaging Diagnosis of Rotator Cuff Pathology and Impingement Syndromes

105

the LaFosse [248], Fox and Romeo [249], and the
Yoo classifications [66]. However, similar to the
superior cuff, a practical method is to describe
partial- or full-thickness involvement and the
location of the tear, and provide measurements in
the superior-inferior and medial-lateral (retrac-
tion) directions. Involvement of the inferior, extra-
articular portion of the tendon (so-called muscular
attachment) or tears of the myotendinous portions
should be described since these may influence the
decision for an open rather than arthroscopic
approach for repair [250].

Combined full-thickness tears that involve the
subscapularis and supraspinatus tendons are
referred to as anterosuperior rotator cuff tears
[251], and have been associated with combined
subcoracoid and subacromial impingement
[242]. The retracted edges of the two tendons can
be connected by a bridge of connective tissue
which has been described to represent the cora-
cohumeral ligament [25, 32, 252]. This tissue has
been called the “comma sign” [253] at surgery or
the “bridging sign” on MRI [254] and may be
thickened to various degrees. Recognition of this
sign is useful to avoid misdiagnosing an intact
subscapularis tendon [254] or a medially dislo-
cated long head of the biceps tendon.

5.3.3 Internal Posterosuperior

Impingement

5.3.3.1 Definition

The term posterosuperior impingement is typi-
cally, but not always, used in association with the
throwing shoulder [255, 256]. Similar to external
subacromial impingement, the term and concept
of posterosuperior impingement are controversial.
It is generally accepted that there is physiologic
contact of the undersurface of the cuff against the
edge of the glenoid in the abducted, externally
rotated position [257, 258]. Furthermore, it is
generally accepted that posterosuperior impinge-
ment can cause articular sided tears of the supe-
rior rotator cuff in throwing athletes. However,
there are two different views of posterosuperior
impingement in the literature with regard to
throwing athletes: those who believe that it

explains the mechanism of most articular sided
tears of the superior rotator cuff and those who
believe that it explains only a minority of them.

In 1992, Walch et al. proposed that repetitive,
forceful contact leads to cuff tearing in throwing
athletes [255, 259]. Subsequent authors sup-
ported this view for several years, although there
was disagreement about the anterior capsuloliga-
mentous structures in the disabled throwing
shoulder [256, 257]. Some believed that the pres-
ence of anterior instability worsened internal
impingement [256, 260, 261], whereas others
believed that instability was not a typical part of
the pathology in the throwing shoulder [257].
Burkhart et al., in a series of articles published in
2003, summarized the literature and proposed a
pathologic cascade in the throwing shoulder,
beginning with acquired posteroinferior capsular
contracture [262]. This results in a posterosupe-
rior shift of the glenohumeral contact point dur-
ing the late cocking phase, allowing hyper-external
rotation of the humerus due to reduced camming
effect, but causing peel-back forces which could
lead to a SLAP lesion. Burkhart theorized that
cuff failure in throwing athletes was typically due
to repetitive tensile and torsional loading rather
than impingement, although cuff tearing due to
internal impingement could be seen in pitchers
who hyper-externally rotate their arms in excess
of 130° during the late cocking phase [262, 263].

Unfortunately, there is no consensus of the
causative pathophysiologic process of the dis-
abled throwing shoulder. In the literature, there
are several imaging findings that have been asso-
ciated with posterosuperior impingement and the
disabled throwing shoulder. However, it should
be emphasized that the use of the term posterosu-
perior impingement differs between individual
physicians and practices. The radiologist is urged
to reconcile their nomenclature with their refer-
ring physicians.

5.3.3.2 Radiographic and CT Findings

In patients diagnosed with posterosuperior inter-
nal impingement, cystic changes of the greater
tuberosity may be seen on radiographs in approx-
imately half [264], although similar findings have
also been reported in 39% of asymptomatic
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professional baseball pitchers [265]. Remodeling
of the posterior glenoid rim can also be seen
radiographically, although cross-sectional imag-
ing would optimally evaluate this region [264].

Bennett lesions, which are described as miner-
alization near the posteroinferior glenoid rim,
have been defined exclusively in baseball
pitchers, although they are seen in approximately
22% of asymptomatic major league baseball
pitchers [265-267]. Bennett lesions are theorized
to be caused by traction on the posterior band of
the inferior glenohumeral ligament and may also
be identified on CT [268, 269].

5.3.3.3 Ultrasound Findings

As described above, ultrasound is sensitive for
partial-thickness articular sided tears of the rota-
tor cuff. In patients diagnosed with posterosupe-
rior internal impingement, ultrasound may
demonstrate cortical irregularity of the postero-
lateral humeral head region [270]. In addition,
posterosuperior labral detachment or tears may
be seen, characterized as an anechoic or
hypoechoic cleft between the labrum and glenoid
or within the labral substance, respectively. This
may be emphasized with dynamic ultrasound and
may be associated with paralabral ganglion cysts
[270]. Posterior capsular thickening may be asso-
ciated with the diagnosis of internal impingement
and can be measured with ultrasound [271].

5.3.3.4 MR Findings

Direct MR arthrography is most useful for eval-
uation of the constellation of imaging findings
associated  with  posterosuperior internal
impingement, which includes cystic changes
near the posterolateral humeral head, partial-
thickness articular sided tears of the infraspina-
tus and posterior supraspinatus tendons, and
posterosuperior labral lesions [272-274]
(Fig. 5.10). For partial-thickness cuff tears,
meta-analyses have found that direct MR
arthrography is slightly superior to standard
MRI with a higher range of sensitivity (83—-86%
vs. 64-67%, respectively), but comparable
specificity (93-96% vs. 92-94%, respectively)
[198, 213]. For labral tears, meta-analyses have

found that direct MR arthrography appears mar-
ginally superior to standard MRI with higher
sensitivity (83 vs. 79%, respectively) and speci-
ficity (93 vs. 87%) [275, 276]. In pitchers with
glenohumeral internal rotation deficits, poste-
rior capsular fibrosis may be evident on MR
arthrography [277]. Tuite et al. found a tendency
for a thicker posteroinferior labrum and shal-
lower capsular recess in overhead throwing ath-
letes with internal impingement and internal
rotation deficit compared with controls using
the standard, adducted MRI position [278].

The abducted and externally rotated (ABER)
position may be helpful to detect delamination
of the rotator cuff tendon (Fig. 5.10d) and for
increased accuracy for diagnosis of labral
lesions [279-281], although it adds an extra
5-10 min to the examination due to necessary
patient repositioning and coil changes. As
described above, physiologic contact between
the undersurface of the rotator cuff and postero-
superior glenoid in the ABER position is con-
sidered physiologic [257].

5.3.4 Internal Anterosuperior

Impingement

5.3.4.1 Definition
Anterosuperior impingement is less well defined
compared with the previously discussed entities.
This entity was first described in 2000 by Gerber
and Sebesta in 16 patients, nearly all of whom
were involved with regular overhead activity,
most during their profession as manual laborers
[282]. The authors postulated that repetitive con-
tact of the superior subscapularis tendon and
biceps pulley against the anterosuperior glenoid
rim caused damage to these structures since pain
could be reproduced when the arm was horizon-
tally adducted, internally rotated, and positioned
with various degrees of anterior elevation [282].
In 2002, Struhl reported on ten nonathletic
patients who demonstrated partial-thickness artic-
ular sided tears of the supraspinatus tendon which
appeared to be compressed between the humeral
head and the anterosuperior labrum [283]. Struhl
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Fig.5.10 MR arthrogram images of a 30-year-old major
league baseball pitcher with shoulder pain. (a) Coronal
intermediate-weighted fat-suppressed image shows a
high-grade, partial-thickness, articular sided tear at the
footprint of the supraspinatus-infraspinatus tendon junc-
tion (arrow). A posterosuperior labral tear is present
(arrowhead). (b) Axial TI-weighted fat-suppressed
image confirms labral tear (arrowhead) and shows

stated that contact of the cuff and superior labrum
was normal in the intact shoulder, but abnormal in
the setting of cuff tears. Nearly all his patients had
identical clinical presentations to subacromial
impingement, but the arthroscopic findings were

marked irregularity at the greater tuberosity (thick arrow).
(c) Sagittal intermediate-weighted fat-suppressed image
confirms cystic changes near the posterosuperior aspect
of the humeral head with adjacent articular sided tearing
of the infraspinatus tendon. (d) ABER view improves
delineation of the extent of medial delamination (arrow).
The same posterosuperior humeral head cyst is seen
(dashed arrow)

consistent with the entity of anterior internal
impingement. Subsequent authors have inter-
preted his study to refer to anterosuperior internal
impingement [284, 285]. Notably, Struhl did not
diagnose biceps pulley lesions in any of his
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patients and in only two of the ten cases was a
subscapularis tendon tear present [283].

In 2004, Habermeyer defined anterosuperior
impingement as the presence of an anterosuperior
labral lesion and positive impingement of the sub-
scapularis tendon between the lesser tuberosity
and anterosuperior glenoid rim in the flexed, hori-
zontally adducted, and internally rotated position
during arthroscopy [284]. He included 89 patients,
none of whom performed regular overhead activ-
ity, but all with surgically confirmed pulley
lesions. Notably he excluded patients with com-
plete tears of the supraspinatus or subscapularis
tendons. He found that the presence of anterosu-
perior impingement increased when a partial-
thickness articular sided tear of the subscapularis
tendon was present. Habermeyer proposed a clas-
sification scheme and outlined the pathologic cas-
cade, which begins with a degenerative or
traumatic tear of the biceps pulley [284]. During
the anterosuperior impingement position, the long
head of the biceps tendon medially subluxates and
causes a tear of the subscapularis tendon. Due to a
lack of dynamic soft-tissue restraints, the humeral
head migrates anterosuperiorly, impinging against
the glenoid rim and causing the entity of anterosu-
perior impingement [284].

The diagnosis of anterosuperior impingement
is very challenging and there are only a handful
of scientific articles from which to draw conclu-
sions. First, there is no patient population that is
typically affected. Anterosuperior impingement
has been diagnosed in young and elderly patients
[282, 284]. Additionally, patients may be regu-
larly engaged in overhead activities [282] or not
[284], or may even be wheelchair bound [272,
286]. Second, clinical tests have not been reported
to be sensitive or specific for this entity [283,
285]. Third, the existing literature does not sup-
port a mandatory lesion. The pulley system was
surgically intact in 3 of the 16 patients in Gerber
and Sebesta’s study [282] and in presumably
most of the patients in Struhl’s study [283].
Furthermore, anterosuperior impingement has
been diagnosed in many patients without sub-
scapularis tendon lesions [283, 284]. Fourth,
although used as a criterion in Habermeyer’s

study [284], subsequent cadaveric and in vivo
MRI studies have shown that contact between the
subscapularis tendon and glenoid rim typically
occurs during the Hawkins position (90-degree
forward elevation and maximal internal rotation)
[287, 288]. Finally, authors have noted that anter-
osuperior impingement tests may be negative in
patients with pulley lesions, suggesting that
anterosuperior impingement is not the only
pathomechanism for pulley lesions [289].

5.3.4.2 Imaging Findings
As described above, there are no pathognomonic
lesions for the diagnosis of anterosuperior
impingement. However, several articles have
focused on the biceps pulley, and in particular the
superior glenohumeral ligament [284, 290].
Habermeyer [284] described a surgical classifica-
tion scheme for intra-articular lesions associated
with anterosuperior impingement which has been
adopted to MR arthrography: group 1 lesions
involve the superior glenohumeral ligament
(SGHL), group 2 lesions involve the SGHL with
partial-thickness articular sided supraspinatus
tendon tears, group 3 lesions involve the SGHL
with partial-thickness articular sided subscapu-
laris tendon tears, and group 4 lesions involve the
SGHL with both partial-thickness articular sided
supraspinatus and subscapularis tendon tears.
Diagnosis of SGHL abnormalities can be read-
ily made with MR arthrography [77, 291], or in the
presence of a joint effusion (Figs. 5.6¢c and 5.11a).
The biceps tendon may be subluxed, dislocated,
and torn to various degrees [284]. Subscapularis
tendon tears are usually visible to some degree in
all three standard imaging planes, including coro-
nal oblique (Fig. 5.5), sagittal oblique [290], and
axial (Fig. 5.9) [292] planes and all three should be
used for complete evaluation. According to
Habermeyer’s theory, an unstable biceps tendon
causes the subscapularis tendon to tear, and these
would invariably involve the superior-most fibers
(Fig. 5.11). However, it should be reinforced that
full-thickness tears of the subscapularis tendon are
excluded in Habermeyer’s classification Scheme
[284], although they may be seen in later stages of
the disease.
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Fig. 5.11 53-year-old woman with shoulder pain during
elevation and internal rotation of the arm. (a) Sagittal-
oblique intermediate-weighted fat-suppressed image shows
a tear of the superior glenohumeral ligament (arrow) and
partial tearing of the long head of the biceps tendon (arrow-
head). Subacromial-subdeltoid and subcoracoid bursitis is
present. (b and ¢) Axial intermediate-weighted fat-sup-

5.4 Postoperative Imaging

Surgical therapy for the impingement syn-
dromes is primarily directed at the rotator cuff,
which includes debridement or repair. Although
many surgeons routinely perform partial
acromioplasty and coracoacromial ligament
release, existing level I and level II studies do
not support their routine use [293]. Incidence of
rotator cuff repairs is increasing, particularly
with arthroscopic techniques [294], which have
become favored over open or mini-open tech-
niques. In general, arthroscopic repair of full-
thickness rotator cuff tears leads to good clinical
outcomes [295, 296]. Structural failure after
cuff repair is common, although counterintui-
tively a number of studies with high levels of
evidence have shown a lack of correlation
between recurrent tear and clinical or functional
outcomes [295, 297]. This was confirmed in a
systemic review and meta-analysis published in
2015 covering over 30 years of studies [296].
The reasons behind this are unclear and this
remains an area of intense study.

5.4.1 Techniques

For appropriate interpretation of postoperative
images, familiarity with the common techniques
used for repair is necessary. High-grade partial-

pressed images including at the level of the superior edge of
the subscapularis tendon (b) show tendon tearing involving
the superior-most fibers of the subscapularis at the lateral
hood with delamination (thick arrow). The partially torn
long head of the biceps tendon is medially subluxed (arrow-
head). Anterosuperior impingement was suggested based
on imaging, and confirmed by the orthopedic surgeon

thickness tendon tears can be repaired through an
arthroscopic trans-tendon repair technique where
a single row of suture anchors are placed at the
medial margin of the rotator cuff footprint [298,
299] or surgical completion of the tear and subse-
quent full-thickness cuff repair [300]. A meta-
analysis published in 2015 found that the existing
evidence supports the trans-tendon technique
rather than tear conversion followed by repair for
partial-thickness articular sided tears involving
more than 50% of the thickness [301]. Full-
thickness tendon tears can be repaired in a num-
ber of different ways, which depend on surgeon
preference and many patient variables. The goal
of surgical treatment of full-thickness tendon
tears is to recreate the native anatomy. However,
full-thickness tears that have a large medial-lateral
component with poor mobility of the retracted
tendon edge result in fewer choices for the ortho-
pedic surgeon. Side-to-side suturing of the tendon
edges can be performed to close the defect, either
without (Fig. 5.12) [302] or with fixation of the
converged tendon margin to bone [303].

Torn rotator cuff tendons that can be reduced
to the greater tuberosity without undue tension
are transfixed with sutures that pass through bone
tunnels or through a suture anchor. These anchors
can be made of metal alloy or biocomposite
material, which may be partially or entirely bio-
resorbable [304]. Traditionally, arthroscopic
rotator cuff repair used a single row of suture
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Fig. 5.12 54-year-old man with previous cuff repair
1 year prior, now with worsening shoulder pain and
U-shaped tear. (a and b) Coronal oblique intermediate-
weighted fat-suppressed MR images show a full-thickness
retear of the supraspinatus tendon with differential retrac-
tion to the glenoid margin. Superior migration of the
humeral head is evident. (¢) Arthroscopic image during

anchors placed in the greater tuberosity in a lin-
ear anterior-to-posterior configuration, which
could either be medial or lateral. However, this
has been shown to only restore approximately
67% of the original cuff footprint [305], and the
double-row repair was devised in an attempt to
create more surface contact between the healing
tendon and bone. The double-row repair was ini-
tially described with a medial row of anchors
with sutures in a mattress configuration and a lat-
eral row of anchors with sutures in a simple con-
figuration, but subsequent studies showed limited
contact pressures between tendon and bone com-

revision surgery with scope in subacromial-subdeltoid
bursa through posterior portal shows side-to-side tendon
repair. Sutures extend across U-shaped tear. (d) Coronal
oblique intermediate-weighted fat-suppressed MR image
3 years after revision surgery shows an attenuated but
intact repair (dashed arrows). Subacromial-subdeltoid bur-
sitis was present, but no full-thickness tear was visualized

pared with newer double-row techniques [306,
307]. One double-row technique that has gained
popularity is the transosseous equivalent, other-
wise known as the suture bridge technique. This
was developed in 2006 by Park et al. [308] to
optimize footprint contact area, pressure, and
pullout strength. The transosseous equivalent
technique uses a medial row of suture anchors
and a lateral row of knotless anchors. The double-
row techniques, including the transosseous
equivalent technique, are significantly stronger
than single-row repairs in time-zero cadaveric
studies and several studies have suggested higher
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rates of healing [295, 297, 309]. True arthroscopic
transosseous (anchorless) fixation has also been
described [310], although biomechanical studies
have shown superior results with transosseous
equivalent techniques [311].

5.4.2 Imaging

In patients with persistent or new shoulder pain
after surgical therapy, imaging may be indicated.
First-line imaging modalities of the postopera-
tive cuff include ultrasound, MRI, or MR

arthrography. Prickett et al. used ultrasound to
evaluate postoperative rotator cuff integrity and
reported the sensitivity, specificity, and accuracy
to be 91, 86, and 89%, respectively [312].
However, Lee et al. found that accuracy of ultra-
sound for the postoperative cuff was 78% when
compared to MR arthrography [313]. They found
that ultrasound accuracy increased to 93% with
the use of intra-articular contrast (arthrosonogra-
phy) [313]. MRI without or with intra-articular
contrast can be used to evaluate the status of the
repaired rotator cuff [300, 314-316] (Fig. 5.13).
The appearance of the repaired rotator cuff on

Fig. 5.13 52-year-old man with repair of full-thickness
supraspinatus tendon tear. (a) Coronal oblique
intermediate-weighted MR image shows a focal full-
thickness tear of the supraspinatus tendon at the footprint
(thick arrow) with delamination. (b) Arthroscopic image
in glenohumeral joint through posterior portal confirms
articular sided supraspinatus tendon tear (black arrows).
Humeral head (HH) is marked. (¢) Arthroscopic image in

subacromial-subdeltoid bursa through posterior portal
after purple marking suture was placed through articular
side. Probe easily extended through bursal surface, con-
firming the focal full-thickness tear (black arrowhead). (d)
Coronal oblique TI-weighted fat-suppressed image
2 years after repair shows well-healed footprint after
single-row repair (dashed arrow)
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Fig. 5.14 65-Year-old woman status post-rotator cuff
repair 4 months prior with worsening shoulder pain and
characteristic failure location after double-row repair. (a)
Coronal oblique intermediate-weighted fat-suppressed
MR image shows a full-thickness retear of the distal
supraspinatus tendon with retraction (thick arrow). Small

MRI varies depending on the time of imaging.
Within the first 3 months, there can be increased
signal within the repaired cuff and the appear-
ance of poor footprint coverage, which can
improve by the first postoperative year [317]. In
a group of 15 asymptomatic patients 1.5-5 years
after rotator cuff repair, Spielmann et al. found
that only 10% of tendons demonstrated normal
low signal intensity [318].

If there is unequivocal full-thickness fluid sig-
nal traversing the entire repaired tendon at any
time point, a retear can be diagnosed [317, 319].
Structural failure, as determined with imaging, is
common after both single-row and double-row
repair techniques. Multiple studies with high lev-
els of evidence show conflicting results regarding
retear rates after each technique, suggesting that
there may not be a true difference between these
techniques [320, 321]. However, studies have sug-
gested characteristic tear patterns which are
dependent on technique. Cho et al. found that in a
single-row repair group, 74% of retearing occurred
at the insertion site of the cuff, whereas in a tran-
sosseous equivalent group, 74% of retearing
occurred in the tendon near the medial row [322].

amount of tendon remains visible at the footprint (thin
arrow). (b) Arthroscopic image during revision surgery
with scope in subacromial-subdeltoid bursa through pos-
terior portal confirms full-thickness retear (thick arrows).
Tear is centered medial to the medial row (arrowhead
marks medial row suture from initial repair)

Similar to the transosseous equivalent technique,
the failure pattern in the double-row suture anchor
method tends to involve the tendon near the medial
row rather than at the insertion [323] (Fig. 5.14).
In 2015, Saccomanno et al. performed a sys-
tematic review of MRI criteria for the assessment
of rotator cuff repair and identified 26 different
criteria that have been previously used [324].
This included structural integrity, footprint cov-
erage, tendon thickness, signal intensity, partial
retearing, and muscle atrophy and fatty infiltra-
tion. The principal finding of the study was that,
with the data available, only structural integrity
showed good intra- and inter-observer reliability
[324]. Specifically, reliability was highest when a
binary classification scheme was used (dichoto-
mization of cuffs into intact versus retear groups).

5.5 Conclusion

In summary, rotator cuff disease is common and
the diagnosis of impingement syndromes requires
all available information, including history, phys-
ical examination, and imaging. Our knowledge of
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the anatomy involving the rotator cuff is rapidly
evolving, and this has many clinical implications.
The etiology of rotator cuff disease is multifacto-
rial with intrinsic and extrinsic contributions and
knowledge of both mechanisms is required for
targeted therapy. Evaluation of the rotator cuff
after surgery is challenging, but imaging plays an
important role and familiarity with the different
repair techniques as well as expected and abnor-
mal postoperative appearances will aid the radi-
ologist in making an accurate diagnosis.

References

1. Teunis T, Lubberts B, Reilly BT, Ring D. A sys-
tematic review and pooled analysis of the preva-
lence of rotator cuff disease with increasing age. J
Shoulder Elb Surg. 2014;23(12):1913-21. https://
doi.org/10.1016/j.jse.2014.08.001.

2. Chakravarty K, Webley M. Shoulder joint move-
ment and its relationship to disability in the elderly.
J Rheumatol. 1993;20(8):1359-61.

3. Chard MD, Hazleman BL. Shoulder disorders in
the elderly (a hospital study). Ann Rheum Dis.
1987;46(9):684-17.

4. Chard MD, Hazleman R, Hazleman BL, King RH,
Reiss BB. Shoulder disorders in the elderly: a com-
munity survey. Arthritis Rheum. 1991;34(6):766-9.

5. van der Windt DA, Koes BW, de Jong BA, Bouter
LM. Shoulder disorders in general practice:
incidence, patient characteristics, and management.
Ann Rheum Dis. 1995;54(12):959-64.

6. Dunn WR, Kuhn JE, Sanders R, An Q, Baumgarten
KM, Bishop JY, Brophy RH, Carey JL, Holloway
GB, Jones GL, Ma CB, Marx RG, McCarty EC,
Poddar SK, Smith MV, Spencer EE, Vidal AF, Wolf
BR, Wright RW. Symptoms of pain do not correlate
with rotator cuff tear severity: a cross-sectional study
of 393 patients with a symptomatic atraumatic full-
thickness rotator cuff tear. J Bone Joint Surg Am.
2014;96:793. https://doi.org/10.2106/jbjs.1.01304.

7. Factor D, Dale B. Current concepts of rota-
tor cuff tendinopathy. Int J Sports Phys Ther.
2014;9(2):274-88.

8. Lo IK, Burkhart SS. The etiology and assessment
of subscapularis tendon tears: a case for subcora-
coid impingement, the roller-wringer effect, and
TUFF lesions of the subscapularis. Arthroscopy.
2003;19(10):1142-50. https://doi.org/10.1016/j.
arthro.2003.10.024.

9. Nho SJ, Yadav H, Shindle MK, Macgillivray
JD. Rotator cuff degeneration: etiology and patho-
genesis. Am J Sports Med. 2008;36(5):987-93.
https://doi.org/10.1177/0363546508317344.

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

Milgrom C, Schaffler M, Gilbert S, van Holsbeeck
M. Rotator-cuff changes in asymptomatic adults.
The effect of age, hand dominance and gender. J
Bone Joint Surg. 1995;77(2):296-8.

Tempelhof S, Rupp S, Seil R. Age-related preva-
lence of rotator cuff tears in asymptomatic shoul-
ders. J Shoulder Elb Surg. 1999;8(4):296-9.

Yuan J, Murrell GA, Wei AQ, Wang MX. Apoptosis
in rotator cuff tendonopathy. J Orthop Res.
2002;20(6):1372-9. https://doi.org/10.1016/
S0736-0266(02)00075-X.

Perry SM, Mcllhenny SE, Hoffman MC, Soslowsky
LJ. Inflammatory and angiogenic mRNA levels are
altered in a supraspinatus tendon overuse animal
model. J Shoulder Elb Surg. 2005;14(1 Suppl S):79S—
83S. https://doi.org/10.1016/j.jse.2004.09.020.

Jia XF, Ji JH, Pannirselvam V, Petersen SA,
McFarland EG. Does a positive neer impingement
sign reflect rotator cuff contact with the acromion?
Clin Orthop Relat Res. 2011;469(3):813-8. https://
doi.org/10.1007/s11999-010-1590-3.

. Hyvonen P, Paivansalo M, Lehtiniemi H, Leppilahti

J, Jalovaara P. Supraspinatus outlet view in the
diagnosis of stages II and III impingement syn-
drome. Acta Radiol. 2001;42(5):441-6. https://doi.
org/10.1080/028418501127347151.

Chang EY, Moses DA, Babb JS, Schweitzer
ME. Shoulder impingement: objective 3D shape
analysis of acromial morphologic features.
Radiology.  2006;239(2):497-505.  https://doi.
org/10.1148/radiol.2392050324.

Moses DA, Chang EY, Schweitzer ME. The scapu-
loacromial angle: a 3D analysis of acromial slope
and its relationship with shoulder impingement. J
Magn Reson Imaging. 2006;24(6):1371-7. https://
doi.org/10.1002/jmri.20763.

Banas MP, Miller RJ, Totterman S. Relationship
between the lateral acromion angle and rotator cuff
disease. J Shoulder Elb Surg. 1995;4(6):454-61.
Harrison AK, Flatow EL. Subacromial impinge-
ment syndrome. J Am Acad Orthop Surg.
2011;19(11):701-8.

Ricchetti ET, Aurora A, Iannotti JP, Derwin
KA. Scaffold devices for rotator cuff repair. J
Shoulder Elb Surg. 2012;21(2):251-65. https://doi.
org/10.1016/j.jse.2011.10.003.

Gulotta LV, Rodeo SA. Growth factors for rotator
cuff repair. Clin Sports Med. 2009;28(1):13. https://
doi.org/10.1016/j.csm.2008.09.002.

Obaid H, Connell D. Cell therapy in tendon
disorders what is the current evidence? Am J
Sport  Med. 2010;38(10):2123-32.  https://doi.
org/10.1177/0363546510373574.

Riley GP, Harrall RL, Constant CR, Chard MD,
Cawston TE, Hazleman BL. Tendon degenera-
tion and chronic shoulder pain: changes in the
collagen composition of the human rotator cuff
tendons in rotator cuff tendinitis. Ann Rheum Dis.
1994;53(6):359-66.


https://doi.org/10.1016/j.jse.2014.08.001
https://doi.org/10.1016/j.jse.2014.08.001
https://doi.org/10.2106/jbjs.l.01304
https://doi.org/10.1016/j.arthro.2003.10.024
https://doi.org/10.1016/j.arthro.2003.10.024
https://doi.org/10.1177/0363546508317344
https://doi.org/10.1016/S0736-0266(02)00075-X
https://doi.org/10.1016/S0736-0266(02)00075-X
https://doi.org/10.1016/j.jse.2004.09.020
https://doi.org/10.1007/s11999-010-1590-3
https://doi.org/10.1007/s11999-010-1590-3
https://doi.org/10.1080/028418501127347151
https://doi.org/10.1080/028418501127347151
https://doi.org/10.1148/radiol.2392050324
https://doi.org/10.1148/radiol.2392050324
https://doi.org/10.1002/jmri.20763
https://doi.org/10.1002/jmri.20763
https://doi.org/10.1016/j.jse.2011.10.003
https://doi.org/10.1016/j.jse.2011.10.003
https://doi.org/10.1016/j.csm.2008.09.002
https://doi.org/10.1016/j.csm.2008.09.002
https://doi.org/10.1177/0363546510373574
https://doi.org/10.1177/0363546510373574

14

E.Y.Chang and C. B. Chung

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Matuszewski PE, Chen YL, Szczesny SE, Lake SP,
Elliott DM, Soslowsky LJ, Dodge GR. Regional
variation in human supraspinatus tendon proteo-
glycans: decorin, biglycan, and aggrecan. Connect
Tissue Res. 2012;53(5):343-8. https://doi.org/10.31
09/03008207.2012.654866.

Clark JM, Harryman DT 2nd. Tendons, ligaments,
and capsule of the rotator cuff. Gross and microscopic
anatomy. J Bone Joint Surg Am. 1992;74(5):713-25.
Chang EY, Chung CB. Current concepts on imag-
ing diagnosis of rotator cuff disease. Semin
Musculoskelet Radiol. 2014;18(4):412-24. https://
doi.org/10.1055/s-0034-1384830.

Chang EY, Szeverenyi NM, Statum S, Chung
CB. Rotator cuff tendon ultrastructure assessment
with reduced-orientation dipolar anisotropy fiber
imaging. Am J Roentgenol. 2014;202(4):W376-8.
Burkhart SS, Esch JC, Jolson RS. The rotator cres-
cent and rotator cable: an anatomic description of
the shoulder's "suspension bridge". Arthroscopy.
1993;9(6):611-6.

Kolts I, Busch LC, Tomusk H, Arend A, Eller
A, Merila M, Russlies M. Anatomy of the cora-
cohumeral and coracoglenoidal ligaments. Ann
Anat. 2000;182(6):563-6. https://doi.org/10.1016/
S0940-9602(00)80105-3.

Pouliart N, Somers K, Eid S, Gagey O. Variations
in the superior capsuloligamentous complex and
description of a new ligament. J Shoulder Elb
Surg. 2007;16(6):821-36. https://doi.org/10.1016/].
jse.2007.02.138.

Gohlke F, Essigkrug B, Schmitz F. The pattern of the
collagen fiber bundles of the capsule of the glenohu-
meral joint. J Shoulder Elb Surg. 1994;3(3):111-28.
https://doi.org/10.1016/S1058-2746(09)80090-6.
Arai R, Nimura A, Yamaguchi K, Yoshimura H,
Sugaya H, Saji T, Matsuda S, Akita K. The anat-
omy of the coracohumeral ligament and its relation
to the subscapularis muscle. J Shoulder Elb Surg.
2014;23(10):1575-81. https://doi.org/10.1016/j.
jse.2014.02.009.

Nguyen ML, Quigley RJ, Galle SE, McGarry MH,
Jun BJ, Gupta R, Burkhart SS, Lee TQ. Margin con-
vergence anchorage to bone for reconstruction of the
anterior attachment of the rotator cable. Arthroscopy.
2012;28(9):1237-45. https://doi.org/10.1016/j.
arthro.2012.02.016.

Mesiha MM, Derwin KA, Sibole SC, Erdemir A,
McCarron JA. The biomechanical relevance of ante-
rior rotator cuff cable tears in a cadaveric shoulder
model. J Bone Joint Surg. 2013;95(20):1817-24.
https://doi.org/10.2106/JBJS.L.00784.

Araki D, Miller RM, Fujimaki Y, Hoshino Y, Musahl
V, Debski RE. Effect of tear location on propaga-
tion of isolated supraspinatus tendon tears during
increasing levels of cyclic loading. J Bone Joint
Surg. 2015;97(4):273-8. https://doi.org/10.2106/
JBJS.N.00062.

Namdari S, Donegan RP, Dahiya N, Galatz LM,
Yamaguchi K, Keener JD. Characteristics of small

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

to medium-sized rotator cuff tears with and with-
out disruption of the anterior supraspinatus tendon.
J Shoulder Elb Surg. 2014;23(1):20-7. https://doi.
org/10.1016/j.jse.2013.05.015.

Morag Y, Jamadar DA, Boon TA, Bedi A, Caoili
EM, Jacobson JA. Ultrasound of the rotator cable:
prevalence and morphology in asymptomatic shoul-
ders. AJR Am J Roentgenol. 2012;198(1):W27-30.
https://doi.org/10.2214/AJR.10.5796.

Gyftopoulos S, Bencardino J, Nevsky G, Hall G,
Soofi Y, Desai P, Jazrawi L, Recht MP. Rotator
cable: MRI study of its appearance in the intact
rotator cuff with anatomic and histologic correla-
tion. AJR Am J Roentgenol. 2013;200(5):1101-5.
https://doi.org/10.2214/AJR.12.9312.

Morag Y, Jacobson JA, Lucas D, Miller B, Brigido
MK, Jamadar DA. US appearance of the rota-
tor cable with histologic correlation: preliminary
results. Radiology. 2006;241(2):485-91. https://doi.
org/10.1148/radiol.2412050800.

Sheah K, Bredella MA, Warner JJP, Halpern EF,
Palmer WE. Transverse thickening along the artic-
ular surface of the rotator cuff consistent with the
rotator cable: identification with MR arthrography
and relevance in rotator cuff evaluation. AJR Am J
Roentgenol. 2009;193(3):679-86.

Nimura A, Akita K. Reply to: "The superior capsule
of the shoulder joint complements the insertion of the
rotator cuff". J Shoulder Elb Surg. 2013;22(2):e20—
1. https://doi.org/10.1016/j.jse.2012.11.018.
Nimura A, Kato A, Yamaguchi K, Mochizuki T,
Okawa A, Sugaya H, Akita K. The superior capsule
of the shoulder joint complements the insertion of the
rotator cuff. J Shoulder Elb Surg. 2012;21(7):867—
72. https://doi.org/10.1016/j.jse.2011.04.034.
Cunningham DJ, Romanes GJ. Cunningham's
manual of practical anatomy. Oxford medical
publications. 15th ed. New York: Oxford University
Press; 1986.

Gray H, Standring S, Ellis H, Berkovitz BKB. Gray's
anatomy: the anatomical basis of clinical practice.
39th ed. New York: Elsevier Churchill Livingstone;
2005.

Kim SY, Boynton EL, Ravichandiran K, Fung LY,
Bleakney R, Agur AM. Three-dimensional study
of the musculotendinous architecture of supraspi-
natus and its functional correlations. Clin Anat.
2007;20(6):648-55. https://doi.org/10.1002/
ca.20469.

Roh MS, Wang VM, April EW, Pollock RG, Bigliani
LU, Flatow EL. Anterior and posterior musculoten-
dinous anatomy of the supraspinatus. J Shoulder Elb
Surg.  2000;9(5):436-40. https://doi.org/10.1067/
mse.2000.108387.

Huang CY, Wang VM, Pawluk RJ, Bucchieri
JS, Levine WN, Bigliani LU, Mow VC, Flatow
EL. Inhomogeneous mechanical behavior of the
human supraspinatus tendon under uniaxial load-
ing. J Orthop Res. 2005;23(4):924-30. https://doi.
org/10.1016/j.orthres.2004.02.016.


https://doi.org/10.3109/03008207.2012.654866
https://doi.org/10.3109/03008207.2012.654866
https://doi.org/10.1055/s-0034-1384830
https://doi.org/10.1055/s-0034-1384830
https://doi.org/10.1016/S0940-9602(00)80105-3
https://doi.org/10.1016/S0940-9602(00)80105-3
https://doi.org/10.1016/j.jse.2007.02.138
https://doi.org/10.1016/j.jse.2007.02.138
https://doi.org/10.1016/S1058-2746(09)80090-6
https://doi.org/10.1016/j.jse.2014.02.009
https://doi.org/10.1016/j.jse.2014.02.009
https://doi.org/10.1016/j.arthro.2012.02.016
https://doi.org/10.1016/j.arthro.2012.02.016
https://doi.org/10.2106/JBJS.L.00784
https://doi.org/10.2106/JBJS.N.00062
https://doi.org/10.2106/JBJS.N.00062
https://doi.org/10.1016/j.jse.2013.05.015
https://doi.org/10.1016/j.jse.2013.05.015
https://doi.org/10.2214/AJR.10.5796
https://doi.org/10.2214/AJR.12.9312
https://doi.org/10.1148/radiol.2412050800
https://doi.org/10.1148/radiol.2412050800
https://doi.org/10.1016/j.jse.2012.11.018
https://doi.org/10.1016/j.jse.2011.04.034
https://doi.org/10.1002/ca.20469
https://doi.org/10.1002/ca.20469
https://doi.org/10.1067/mse.2000.108387
https://doi.org/10.1067/mse.2000.108387
https://doi.org/10.1016/j.orthres.2004.02.016
https://doi.org/10.1016/j.orthres.2004.02.016

5

Imaging Diagnosis of Rotator Cuff Pathology and Impingement Syndromes

115

48

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

. Curtis AS, Burbank KM, Tierney JJ, Scheller AD,
Curran AR. The insertional footprint of the rotator
cuff: an anatomic study. Arthroscopy. 2006;22(6):609
e601. https://doi.org/10.1016/j.arthro.2006.04.001.
Minagawa H, Itoi E, Konno N, Kido T, Sano A,
Urayama M, Sato K. Humeral attachment of the
supraspinatus and infraspinatus tendons: an ana-
tomic study. Arthroscopy. 1998;14(3):302-6.
Lumsdaine W, Smith A, Walker RG, Benz D,
Mohammed KD, Stewart F. Morphology of the
humeral insertion of the supraspinatus and infraspi-
natus tendons: application to rotator cuff repair. Clin
Anat. 2015;28(6):767-73. https://doi.org/10.1002/
ca.22548.

Mochizuki T, Sugaya H, Uomizu M, Maeda K,
Matsuki K, Sekiya I, Muneta T, Akita K. Humeral
insertion of the supraspinatus and infraspinatus. New
anatomical findings regarding the footprint of the
rotator cuff. J Bone Joint Surg Am. 2008;90(5):962—
9. https://doi.org/10.2106/JBJS.G.00427.

Moser TP, Cardinal E, Bureau NIJ, Guillin R,
Lanneville P, Grabs D. The aponeurotic expan-
sion of the supraspinatus tendon: anatomy and
prevalence in a series of 150 shoulder MRIs. Skelet
Radiol. 2015;44(2):223-31. https://doi.org/10.1007/
$00256-014-1993-4.

Brodie CG. Note on the transverse-humeral, coraco-
acromial, and coraco-humeral ligaments, &c. J Anat
Physiol. 1890;24(Pt 2):247-52.

Hammad RB, Mohamed A. Unilateral four-
headed pectoralis muscle major. Mcgill J Med.
2006;9(1):28-30.

Gheno R, Zoner CS, Buck FM, Nico MA, Haghighi
P, Trudell DJ, Resnick D. Accessory head of biceps
brachii muscle: anatomy, histology, and MRI in
cadavers. AJR Am J Roentgenol. 2010;194(1):W80—
3. https://doi.org/10.2214/AJR.09.3158.
Lutterbach-Penna RA, Brigido MK, Robertson B,
Kim SM, Jacobson JA, Fessell DP. Sonography of
the accessory head of the biceps brachii. J Ultrasound
Med. 2014;33(10):1851—4. https://doi.org/10.7863/
ultra.33.10.1851.

Moser TP, Bureau NJ, Grabs D, Cardinal E.
Accessory head of the biceps tendon versus apo-
neurotic expansion of the supraspinatus tendon. J
Ultrasound Med. 2015;34(1):173—4. https://doi.org/
10.7863/ultra.34.1.173.

Ellman H. Diagnosis and treatment of incom-
plete rotator cuff tears. Clin Orthop Relat Res.
1990;254:64-74.

Nozaki T, Nimura A, Fujishiro H, Mochizuki T,
Yamaguchi K, Kato R, Sugaya H, Akita K. The
anatomic relationship between the morphology of
the greater tubercle of the humerus and the inser-
tion of the infraspinatus tendon. J Shoulder Elb
Surg. 2015;24(4):555-60. https://doi.org/10.1016/j.
jse.2014.09.038.

Dugas JR, Campbell DA, Warren RF, Robie BH,
Millett PJ. Anatomy and dimensions of rotator cuff
insertions. J Shoulder Elb Surg. 2002;11(5):498-503.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Ruotolo C, Fow JE, Nottage WM. The supraspina-
tus footprint: an anatomic study of the supraspinatus
insertion. Arthroscopy. 2004;20(3):246-9. https://
doi.org/10.1016/j.arthro.2004.01.002.

Karthikeyan S, Rai SB, Parsons H, Drew S, Smith
CD, Griffin DR. Ultrasound dimensions of the rota-
tor cuff in young healthy adults. J Shoulder Elb Surg.
2014;23(8):1107-12. https://doi.org/10.1016/j.
jse.2013.11.012.

Kato A, Nimura A, Yamaguchi K, Mochizuki T,
Sugaya H, Akita K. An anatomical study of the trans-
verse part of the infraspinatus muscle that is closely
related with the supraspinatus muscle. Surg Radiol
Anat. 2012;34(3):257-65. https://doi.org/10.1007/
s00276-011-0872-0.

Seo JB, Yoo JS, Jang HS, Kim JS. Correlation of
clinical symptoms and function with fatty degenera-
tion of infraspinatus in rotator cuff tear. Knee Surg
Sports Traumatol Arthrosc. 2015;23(5):1481-8.
https://doi.org/10.1007/s00167-014-2857-0.

Le Corroller T, Aswad R, Pauly V, Champsaur
P. Orientation of the rotator cuff insertion facets
on the humerus: comparison between individu-
als with intact and torn rotator cuffs. Ann Anat.
2009;191(2):218-24. https://doi.org/10.1016/j.
aanat.2008.10.003.

Yoo JC, Rhee YG, Shin SJ, Park YB, McGarry MH,
Jun BJ, Lee TQ. Subscapularis tendon tear classifi-
cation based on 3-dimensional anatomic footprint:
a cadaveric and prospective clinical observational
study. Arthroscopy. 2015;31(1):19-28. https://doi.
org/10.1016/j.arthro.2014.08.015.

Michelin P, Trintignac A, Dacher JN, Carvalhana G,
Lefebvre V, Duparc F. Magnetic resonance anatomy
of the superior part of the rotator cuff in normal
shoulders, assessment and practical implication.
Surg Radiol Anat. 2014;36(10):993—-1000. https://
doi.org/10.1007/s00276-014-1331-5.

Michelin P, Kasprzak K, Dacher J, Lefebvre V,
Duparc F. Ultrasound and anatomical assessment
of the infraspinatus tendon through anterosuperolat-
eral approach. Eur Radiol. 2015;25:1-6. https://doi.
org/10.1007/s00330-015-3614-6.

Resnick D, Kang HS, Pretterklieber ML. Internal
derangements of joints. 2nd ed. Philadelphia:
Saunders/Elsevier; 2007.

Nimura A, Akita K, Sugaya H. Rotator cuff. In:
Bain GI, Itoi E, Di Giacomo G, Sugaya H, editors.
Normal and pathological anatomy of the shoulder.
Berlin Heidelberg: Springer; 2015. p. 199-205.
https://doi.org/10.1007/978-3-662-45719-1_20.

Saji T, Arai R, Harada H, Tsukiyama H, Miura T,
Matsuda S Anatomical study on the origin and the
insertion of the teres minor muscle. In: ISAKOS,
Toronto, Canada; 2013. p. 2013.

Gray H, Clemente CD. Anatomy of the human body.
30th ed. Philadelphia: Lea & Febiger; 1985.

Arai R, Sugaya H, Mochizuki T, Nimura A,
Moriishi J, Akita K. Subscapularis tendon tear: an
anatomic and clinical investigation. Arthroscopy.


https://doi.org/10.1016/j.arthro.2006.04.001
https://doi.org/10.1002/ca.22548
https://doi.org/10.1002/ca.22548
https://doi.org/10.2106/JBJS.G.00427
https://doi.org/10.1007/s00256-014-1993-4
https://doi.org/10.1007/s00256-014-1993-4
https://doi.org/10.2214/AJR.09.3158
https://doi.org/10.7863/ultra.33.10.1851
https://doi.org/10.7863/ultra.33.10.1851
https://doi.org/10.7863/ultra.34.1.173
https://doi.org/10.7863/ultra.34.1.173
https://doi.org/10.1016/j.jse.2014.09.038
https://doi.org/10.1016/j.jse.2014.09.038
https://doi.org/10.1016/j.arthro.2004.01.002
https://doi.org/10.1016/j.arthro.2004.01.002
https://doi.org/10.1016/j.jse.2013.11.012
https://doi.org/10.1016/j.jse.2013.11.012
https://doi.org/10.1007/s00276-011-0872-0
https://doi.org/10.1007/s00276-011-0872-0
https://doi.org/10.1007/s00167-014-2857-0
https://doi.org/10.1016/j.aanat.2008.10.003
https://doi.org/10.1016/j.aanat.2008.10.003
https://doi.org/10.1016/j.arthro.2014.08.015
https://doi.org/10.1016/j.arthro.2014.08.015
https://doi.org/10.1007/s00276-014-1331-5
https://doi.org/10.1007/s00276-014-1331-5
https://doi.org/10.1007/s00330-015-3614-6
https://doi.org/10.1007/s00330-015-3614-6
https://doi.org/10.1007/978-3-662-45719-1_20

116

E.Y.Chang and C. B. Chung

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

2008;24(9):997-1004.
arthro.2008.04.076.
Richards DP, Burkhart SS, Tehrany AM, Wirth
MA. The subscapularis footprint: an anatomic
description of its insertion site. Arthroscopy.
2007;23(3):251-4. https://doi.org/10.1016/j.arthro.
2006.11.023.

DePalma AF. Surgery of the shoulder. 3rd ed.
Philadelphia: Lippincott; 1983.

Di Giacomo G (2008) Atlas of functional shoulder
anatomy.

Pouliart N, Boulet C, Maeseneer MD, Shahabpour
M. Advanced imaging of the glenohumeral ligaments.
Semin Musculoskelet Radiol. 2014;18(4):374-97.
https://doi.org/10.1055/5-0034-1384827.

Arai R, Mochizuki T, Yamaguchi K, Sugaya H,
Kobayashi M, Nakamura T, Akita K. Functional
anatomy of the superior glenohumeral and coraco-
humeral ligaments and the subscapularis tendon in
view of stabilization of the long head of the biceps
tendon. J Shoulder Elb Surg. 2010;19(1):58-64.
https://doi.org/10.1016/j.jse.2009.04.001.

D'Addesi LL, Anbari A, Reish MW, Brahmabhatt
S, Kelly JD. The subscapularis footprint: an ana-
tomic study of the subscapularis tendon inser-
tion. Arthroscopy. 2006;22(9):937-40. https://doi.
org/10.1016/j.arthro.2006.04.101.

Werner A, Mueller T, Boehm D, Gohlke F. The stabi-
lizing sling for the long head of the biceps tendon in
the rotator cuff interval. A histoanatomic study. Am
J Sports Med. 2000;28(1):28-31.

Chard MD, Cawston TE, Riley GP, Gresham GA,
Hazleman BL. Rotator cuff degeneration and lateral
epicondylitis: a comparative histological study. Ann
Rheum Dis. 1994;53(1):30-4.

Jarvinen M, Jozsa L, Kannus P, Jarvinen TL, Kvist
M, Leadbetter W. Histopathological findings in
chronic tendon disorders. Scand J Med Sci Sports.
1997;7(2):86-95.

Berenson MC, Blevins FT, Plaas AH, Vogel
KG. Proteoglycans of human rotator cuff tendons.
J Orthop Res. 1996;14(4):518-25. https://doi.
org/10.1002/jor.1100140404.

Weber SC. Arthroscopic debridement and acromio-
plasty versus mini-open repair in the treatment
of significant partial-thickness rotator cuff tears.
Arthroscopy. 1999:;15(2):126-31.  https://doi.
org/10.1053/ar.1999.v15.0150121.

Fukuda H. The management of partial-thickness
tears of the rotator cuff. J Bone Joint Surg.
2003;85(1):3-11.

Kim HM, Dahiya N, Teefey SA, Middleton WD,
Stobbs G, Steger-May K, Yamaguchi K, Keener
JD. Location and initiation of degenerative rotator
cuff tears: an analysis of three hundred and sixty
shoulders. J Bone Joint Surg Am. 2010;92(5):1088—
96. https://doi.org/10.2106/JBJS.1.00686.

Fukuda H, Hamada K, Yamanaka K. Pathology and
pathogenesis of bursal-side rotator cuff tears viewed
from en bloc histologic sections. Clin Orthop Relat
Res. 1990;254:75-80.

https://doi.org/10.1016/j.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

. Fukuda H, Hamada K, Nakajima T, Tomonaga

A. Pathology and pathogenesis of the intratendi-
nous tearing of the rotator cuff viewed from en
bloc histologic sections. Clin Orthop Relat Res.
1994;304:60-7.

Codman EA, Akerson IB. The pathology associated
with rupture of the supraspinatus tendon. Ann Surg.
1931;93(1):348-59.

Mazzocca AD, Rincon LM, O'Connor RW,
Obopilwe E, Andersen M, Geaney L, Arciero
RA. Intra-articular partial-thickness rotator cuff
tears: analysis of injured and repaired strain behav-
ior. Am J Sports Med. 2008;36(1):110-6. https://doi.
org/10.1177/0363546507307502.

Strauss EJ, Salata MJ, Kercher J, Barker JU, McGill
K, Bach BR Jr, Romeo AA, Verma NN. Multimedia
article. The arthroscopic management of partial-
thickness rotator cuff tears: a systematic review of
the literature. Arthroscopy. 2011;27(4):568-80.
Shindle MK, Chen CCT, Robertson C, DiTullio AE,
Paulus MC, Clinton CM, Cordasco FA, Rodeo SA,
Warren RFE. Full-thickness supraspinatus tears are
associated with more synovial inflammation and
tissue degeneration than partial-thickness tears. J
Shoulder Elb Surg. 2011;20(6):917-27. https://doi.
org/10.1016/j.jse.2011.02.015.

Lo IK, Burkhart SS. Current concepts in
arthroscopic rotator cuff repair. Am J Sports Med.
2003;31(2):308-24.

Sela Y, Eshed I, Shapira S, Oran A, Vogel G,
Herman A, Perry M. Rotator cuff tears: correla-
tion between geometric tear patterns on MRI and
arthroscopy and pre- and postoperative clinical
findings. Acta Radiol. 2015;56(2):182-9. https://doi.
org/10.1177/0284185114520861.

Lee YH, Kim AH, Suh JS. Magnetic resonance
visualization of surgical classification of rotator
cuff tear: comparison with three-dimensional shoul-
der magnetic resonance arthrography at 3.0 T. Clin
Imag. 2014;38(6):858—-63. https://doi.org/10.1016/j.
clinimag.2014.07.003.

Tauro JC. Arthroscopic repair of large rotator cuff
tears using the interval slide technique. Arthroscopy.
2004;20(1):13-21.

Cofield RH. Subscapular muscle transposition for
repair of chronic rotator cuff tears. Surg Gynecol
Obstet. 1982;154(5):667-72.

Pill SG, Phillips J, Kissenberth MJ, Hawkins
RJ. Decision making in massive rotator cuff tears.
Instr Course Lect. 2012;61:97-111.

Delaney RA, Lin A, Warner JJ. Nonarthroplasty
options for the management of massive and
irreparable rotator cuff tears. Clin Sports Med.
2012;31(4):727-48. https://doi.org/10.1016/j.
csm.2012.07.008.

Choo HIJ, Lee SJ, Kim JH, Kim DW, Park YM,
Kim OH, Kim SJ. Delaminated tears of the rota-
tor cuff: prevalence, characteristics, and diagnos-
tic accuracy using indirect MR arthrography. AJR
Am J Roentgenol. 2015;204(2):360-6. https://doi.
org/10.2214/AJR.14.12555.


https://doi.org/10.1016/j.arthro.2008.04.076
https://doi.org/10.1016/j.arthro.2008.04.076
https://doi.org/10.1016/j.arthro.2006.11.023
https://doi.org/10.1016/j.arthro.2006.11.023
https://doi.org/10.1055/s-0034-1384827
https://doi.org/10.1016/j.jse.2009.04.001
https://doi.org/10.1016/j.arthro.2006.04.101
https://doi.org/10.1016/j.arthro.2006.04.101
https://doi.org/10.1002/jor.1100140404
https://doi.org/10.1002/jor.1100140404
https://doi.org/10.1053/ar.1999.v15.0150121
https://doi.org/10.1053/ar.1999.v15.0150121
https://doi.org/10.2106/JBJS.I.00686
https://doi.org/10.1177/0363546507307502
https://doi.org/10.1177/0363546507307502
https://doi.org/10.1016/j.jse.2011.02.015
https://doi.org/10.1016/j.jse.2011.02.015
https://doi.org/10.1177/0284185114520861
https://doi.org/10.1177/0284185114520861
https://doi.org/10.1016/j.clinimag.2014.07.003
https://doi.org/10.1016/j.clinimag.2014.07.003
https://doi.org/10.1016/j.csm.2012.07.008
https://doi.org/10.1016/j.csm.2012.07.008
https://doi.org/10.2214/AJR.14.12555
https://doi.org/10.2214/AJR.14.12555

5

Imaging Diagnosis of Rotator Cuff Pathology and Impingement Syndromes

17

101

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

. Han'Y, Shin JH, Seok CW, Lee CH, Kim SH. Is pos-
terior delamination in arthroscopic rotator cuff repair
hidden to the posterior viewing portal? Arthroscopy.
2013;29(11):1740-7. https://doi.org/10.1016/j.
arthro.2013.08.021.

Meyer DC, Hoppeler H, von Rechenberg B, Gerber
C. A pathomechanical concept explains muscle loss
and fatty muscular changes following surgical ten-
don release. J Orthop Res. 2004;22(5):1004-7.
Albritton MJ, Graham RD, Richards RS 2nd,
Basamania CJ. An anatomic study of the effects
on the suprascapular nerve due to retraction of the
supraspinatus muscle after a rotator cuff tear. J
Shoulder Elb Surg. 2003;12(5):497-500.

Gladstone JN, Bishop JY, Lo IK, Flatow
EL. Fatty infiltration and atrophy of the rota-
tor cuff do not improve after rotator cuff repair
and correlate with poor functional outcome. Am
J Sports Med. 2007;35(5):719-28. https://doi.
org/10.1177/0363546506297539.

Kuzel BR, Grindel S, Papandrea R, Ziegler D. Fatty
infiltration and rotator cuff atrophy. ] Am Acad
Orthop Surg. 2013;21(10):613-23.  https://doi.
org/10.5435/JAAOS-21-10-613.

Chaudhury S, Dines JS, Delos D, Warren RF, Voigt
C, Rodeo SA. Role of fatty infiltration in the patho-
physiology and outcomes of rotator cuff tears.
Arthritis Care Res. 2012;64(1):76-82. https://doi.
org/10.1002/acr.20552.

Sarkar K, Taine W, Uhthoff HK. The ultrastructure
of the coracoacromial ligament in patients with
chronic impingement syndrome. Clin Orthop Relat
Res. 1990;254:49-54.

Diercks R, Bron C, Dorrestijn O, Meskers C, Naber
R, de Ruiter T, Willems J, Winters J, van der Woude
HJ, Dutch Orthopaedic A. Guideline for diagno-
sis and treatment of subacromial pain syndrome: a
multidisciplinary review by the Dutch Orthopaedic
Association. Acta Orthop. 2014;85(3):314-22.
https://doi.org/10.3109/17453674.2014.920991.
McFarland EG, Maffulli N, Del Buono A, Murrell
GA, Garzon-Muvdi J, Petersen SA. Impingement
is not impingement: the case for calling it “Rotator
Cuff Disease”. Muscles Ligaments Tendons J.
2013;3(3):196-200.

Papadonikolakis A, McKenna M, Warme W, Martin
BI, Matsen FA 3rd. Published evidence relevant
to the diagnosis of impingement syndrome of the
shoulder. J Bone Joint Surg Am. 2011;93(19):1827—
32. https://doi.org/10.2106/JBJS.J.01748.

Neer CS 2nd. Anterior acromioplasty for the
chronic impingement syndrome in the shoulder: a
preliminary report. Muscles Ligaments Tendons J.
1972;54(1):41-50.

Yamamoto N, Muraki T, Sperling JW, Steinmann
SP, Itoi E, Cofield RH, An KN. Contact between
the coracoacromial arch and the rotator cuff ten-
dons in nonpathologic situations: a cadaveric study.
J Shoulder Elb Surg. 2010;19(5):681-7. https://doi.
org/10.1016/j.jse.2009.12.006.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

Tasaki A, Nimura A, Nozaki T, Yamakawa A, Niitsu
M, Morita W, Hoshikawa Y, Akita K. Quantitative
and qualitative analyses of subacromial impinge-
ment by kinematic open MRI. Knee Surg Sport Tr
A. 2015;23(5):1489-97.  https://doi.org/10.1007/
s00167-014-2876-x.

Alfredson H, Forsgren S, Thorsen K, Lorentzon
R. In vivo microdialysis and immunohistochemi-
cal analyses of tendon tissue demonstrated high
amounts of free glutamate and glutamate NMDAR1
receptors, but no signs of inflammation, in Jumper's
knee. J Orthopaed Res. 2001;19(5):881-6. https://
doi.org/10.1016/S0736-0266(01)00016-X.
Alfredson H, Lorentzon R. Chronic tendon pain: no
signs of chemical inflammation but high concentra-
tions of the neurotransmitter glutamate. Implications
for treatment? Curr Drug Targets. 2002;3(1):43-54.
https://doi.org/10.2174/1389450023348028.
Gellhorn AC, Gillenwater C, Mourad PD. Intense
focused ultrasound stimulation of the rotator cuff:
evaluation of the source of pain in rotator cuff
tears and tendinopathy. Ultrasound Med Biol.
2015;41(9):2412-9. https://doi.org/10.1016/].
ultrasmedbio.2015.05.005.

Ozaki J, Fujimoto S, Nakagawa Y, Masuhara K,
Tamai S. Tears of the rotator cuff of the shoulder
associated with pathological changes in the acro-
mion. A study in cadavera. Muscles Ligaments
Tendons J. 1988;70(8):1224-30.

Getz JD, Recht MP, Piraino DW, Schils JP, Latimer
BM, Jellema LM, Obuchowski NA. Acromial
morphology: relation to sex, age, symmetry,
and subacromial enthesophytes.  Radiology.
1996;199(3):737-42. https://doi.org/10.1148/
radiology.199.3.8637998.

Fujisawa Y, Mihata T, Murase T, Sugamoto K,
Neo M. Three-dimensional analysis of acro-
mial morphologic characteristics in patients with
and without rotator cuff tears using a recon-
structed computed tomography model. Am J
Sport  Med. 2014;42(11):2621-6.  https://doi.
org/10.1177/0363546514544683.

Bigliani LU, Morrison DS, April EW. The morphol-
ogy of the acromion and its relationship to rotator
cuff tears. Orthop Trans. 1986;10:216.

Zuckerman JD, Kummer FJ, Cuomo F, Greller
M. Interobserver reliability of acromial morphol-
ogy classification: an anatomic study. J Shoulder Elb
Surg. 1997;6(3):286-7.

Peh WC, Farmer TH, Totty WG. Acromial arch
shape: assessment with MR imaging. Radiology.
1995;195(2):501-5. https://doi.org/10.1148/
radiology.195.2.7724774.

Epstein RE, Schweitzer ME, Frieman BG, Fenlin
IJM Jr, Mitchell DG. Hooked acromion: prevalence
on MR images of painful shoulders. Radiology.
1993;187(2):479-81. https://doi.org/10.1148/
radiology.187.2.8475294.

Mayerhoefer ME, Breitenseher MJ, Roposch A,
Treitl C, Wurnig C. Comparison of MRI and conven-


https://doi.org/10.1016/j.arthro.2013.08.021
https://doi.org/10.1016/j.arthro.2013.08.021
https://doi.org/10.1177/0363546506297539
https://doi.org/10.1177/0363546506297539
https://doi.org/10.5435/JAAOS-21-10-613
https://doi.org/10.5435/JAAOS-21-10-613
https://doi.org/10.1002/acr.20552
https://doi.org/10.1002/acr.20552
https://doi.org/10.3109/17453674.2014.920991
https://doi.org/10.2106/JBJS.J.01748
https://doi.org/10.1016/j.jse.2009.12.006
https://doi.org/10.1016/j.jse.2009.12.006
https://doi.org/10.1007/s00167-014-2876-x
https://doi.org/10.1007/s00167-014-2876-x
https://doi.org/10.1016/S0736-0266(01)00016-X
https://doi.org/10.1016/S0736-0266(01)00016-X
https://doi.org/10.2174/1389450023348028
https://doi.org/10.1016/j.ultrasmedbio.2015.05.005
https://doi.org/10.1016/j.ultrasmedbio.2015.05.005
https://doi.org/10.1148/radiology.199.3.8637998
https://doi.org/10.1148/radiology.199.3.8637998
https://doi.org/10.1177/0363546514544683
https://doi.org/10.1177/0363546514544683
https://doi.org/10.1148/radiology.195.2.7724774
https://doi.org/10.1148/radiology.195.2.7724774
https://doi.org/10.1148/radiology.187.2.8475294
https://doi.org/10.1148/radiology.187.2.8475294

118

E.Y.Chang and C. B. Chung

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

tional radiography for assessment of acromial shape.
AJR Am J Roentgenol. 2005;184(2):671-5. https://
doi.org/10.2214/ajr.184.2.01840671.

Haygood TM, Langlotz CP, Kneeland JB, Iannotti
JP, Williams GR Jr, Dalinka MK. Categorization of
acromial shape: interobserver variability with MR
imaging and conventional radiography. AJR Am
J Roentgenol. 1994;162(6):1377-82. https://doi.
org/10.2214/ajr.162.6.8192003.

Bright AS, Torpey B, Magid D, Codd T,
McFarland EG. Reliability of radiographic evalu-
ation for acromial morphology. Skelet Radiol.
1997;26(12):718-21.

Jacobson SR, Speer KP, Moor JT, Janda DH,
Saddemi SR, MacDonald PB, Mallon WJ. Reliability
of radiographic assessment of acromial morphology.
J Shoulder EIb Surg. 1995;4(6):449-53.

Chambler AF, Emery RJ. Acromial morphol-
ogy: the enigma of terminology. Knee Surg Sports
Traumatol Arthrosc. 1997;5(4):268-72. https://doi.
org/10.1007/s001670050062.

Nicholson GP, Goodman DA, Flatow EL, Bigliani
LU. The acromion: morphologic condition and age-
related changes. A study of 420 scapulas. J Shoulder
Elb Surg. 1996;5:1):1-11.

Shah NN, Bayliss NC, Malcolm A. Shape of the
acromion: congenital or acquired--a macroscopic,
radiographic, and microscopic study of acromion. J
Shoulder Elb Surg. 2001;10(4):309-16. https://doi.
org/10.1067/mse.2001.114681.

Speer KP, Osbahr DC, Montella BJ, Apple AS,
Mair SD. Acromial morphotype in the young
asymptomatic athletic shoulder. J Shoulder Elb
Surg. 2001;10(5):434-7. https://doi.org/10.1067/
mse.2001.117124.

Toivonen DA, Tuite MJ, Orwin JF. Acromial struc-
ture and tears of the rotator cuff. J Shoulder Elb
Surg. 1995;4(5):376-83.

Tuite MJ, Toivonen DA, Orwin JF, Wright
DH. Acromial angle on radiographs of the shoul-
der: correlation with the impingement syndrome
and rotator cuff tears. AJR Am J Roentgenol.
1995;165(3):609-13. https://doi.org/10.2214/
ajr.165.3.7645479.

Farley TE, Neumann CH, Steinbach LS, Petersen
SA. The coracoacromial arch: MR evaluation and
correlation with rotator cuff pathology. Skelet
Radiol. 1994;23(8):641-5.

Wang JC, Horner G, Brown ED, Shapiro MS. The
relationship between acromial morphology and con-
servative treatment of patients with impingement
syndrome. Orthopedics. 2000;23(6):557-9.

Tasu JP, Miquel A, Rocher L, Molina V, Gagey O,
Blery M. MR evaluation of factors predicting the
development of rotator cuff tears. J] Comput Assist
Tomogr. 2001;25(2):159-63.

Panni AS, Milano G, Lucania L, Fabbriciani C,
Logroscino CA. Histological analysis of the cora-
coacromial arch: Correlation between age-related

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

changes and rotator
1996;12(5):531-40.
S0749-8063(96)90190-5.
Zuckerman JD, Kummer FJ, Cuomo F, Simon J,
Rosenblum S, Katz N. The influence of coracoacro-
mial arch anatomy on rotator cuff tears. J Shoulder
Elb Surg. 1992;1(1):4-14. https://doi.org/10.1016/
S1058-2746(09)80010-4.

Balke M, Liem D, Greshake O, Hoeher J, Bouillon
B, Banerjee M. Differences in acromial morphology
of shoulders in patients with degenerative and trau-
matic supraspinatus tendon tears. Knee Surg Sports
Traumatol Arthrosc. 2014;24(7):2200-5. https://doi.
org/10.1007/s00167-014-3499-y.

MacGillivray JD, Fealy S, Potter HG, O'Brien
SJ. Multiplanar analysis of acromion morphology.
Am J Sports Med. 1998;26(6):836—40.

Kibler WB. Scapular involvement in impinge-
ment: signs and symptoms. Instr Course Lect.
2006;55:35-43.

Ratcliffe E, Pickering S, McLean S, Lewis J. Is there
a relationship between subacromial impingement
syndrome and scapular orientation? A systematic
review. Brit ] Sport Med. 2014;48(16):1251-U1282.
https://doi.org/10.1136/bjsports-2013-092389.
Petersson CJ, Gentz CF. Ruptures of the supraspi-
natus tendon. The significance of distally pointing
acromioclavicular osteophytes. Clin Orthop Relat
Res. 1983;174:143-8.

Cuomo F, Kummer FJ, Zuckerman JD, Lyon T, Blair
B, Olsen T. The influence of acromioclavicular joint
morphology on rotator cuff tears. J Shoulder Elb
Surg. 1998:7(6):555-9.

de Abreu MR, Chung CB, Wesselly M, Jin-Kim H,
Resnick D. Acromioclavicular joint osteoarthritis:
comparison of findings derived from MR imag-
ing and conventional radiography. Clin Imaging.
2005;29(4):273-7. https://doi.org/10.1016/].
clinimag.2004.11.021.

Blasiak A, Mojzesz M, Brzoska R, Solecki W,
Binkowska A. Results of arthroscopic treatment of
rotator cuff tear with the resection of symptomatic
acromioclavicular joint with degenerative changes.
Pol Orthop Traumatol. 2013;78:229-34.

Daluga DJ, Dobozi W. The influence of distal clavi-
cle resection and rotator cuff repair on the effective-
ness of anterior acromioplasty. Clin Orthop Relat
Res. 1989;247:117-23.

Kay SP, Dragoo JL, Lee R. Long-term results of
arthroscopic resection of the distal clavicle with con-
comitant subacromial decompression. Arthroscopy.
2003;19(8):805-9.

Kim J, Chung J, Ok H. Asymptomatic acromiocla-
vicular joint arthritis in arthroscopic rotator cuff
tendon repair: a prospective randomized comparison
study. Arch Orthop Trauma Surg. 2011;131(3):363—
9. https://doi.org/10.1007/s00402-010-1216-y.
Levine WN, Soong M, Ahmad CS, Blaine TA,
Bigliani LU. Arthroscopic distal clavicle resec-

cuff tears. Arthroscopy.
https://doi.org/10.1016/


https://doi.org/10.2214/ajr.184.2.01840671
https://doi.org/10.2214/ajr.184.2.01840671
https://doi.org/10.2214/ajr.162.6.8192003
https://doi.org/10.2214/ajr.162.6.8192003
https://doi.org/10.1007/s001670050062
https://doi.org/10.1007/s001670050062
https://doi.org/10.1067/mse.2001.114681
https://doi.org/10.1067/mse.2001.114681
https://doi.org/10.1067/mse.2001.117124
https://doi.org/10.1067/mse.2001.117124
https://doi.org/10.2214/ajr.165.3.7645479
https://doi.org/10.2214/ajr.165.3.7645479
https://doi.org/10.1016/S0749-8063(96)90190-5
https://doi.org/10.1016/S0749-8063(96)90190-5
https://doi.org/10.1016/S1058-2746(09)80010-4
https://doi.org/10.1016/S1058-2746(09)80010-4
https://doi.org/10.1007/s00167-014-3499-y
https://doi.org/10.1007/s00167-014-3499-y
https://doi.org/10.1136/bjsports-2013-092389
https://doi.org/10.1016/j.clinimag.2004.11.021
https://doi.org/10.1016/j.clinimag.2004.11.021
https://doi.org/10.1007/s00402-010-1216-y

5

Imaging Diagnosis of Rotator Cuff Pathology and Impingement Syndromes

119

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

tion: a comparison of bursal and direct approaches.
Arthroscopy.  2006;22(5):516-20.  https://doi.
org/10.1016/j.arthro.2006.01.013.

Lozman PR, Hechtman KS, Uribe JW. Combined
arthroscopic management of impingement syn-
drome and acromioclavicular joint arthritis. J South
Orthop Assoc. 1995;4(3):177-81.

Snyder SJ, Banas MP, Karzel RP. The arthroscopic
Mumford procedure: an analysis of results.
Arthroscopy. 1995;11(2):157-64.

Razmjou H, ElMaraghy A, Dwyer T, Fournier-
Gosselin S, Devereaux M, Holtby R. Outcome of
distal clavicle resection in patients with acromio-
clavicular joint osteoarthritis and full-thickness
rotator cuff tear. Knee surgery, sports traumatol-
ogy. Arthroscopy. 2015;23(2):585-90. https://doi.
org/10.1007/s00167-014-3114-2.

Oh JH, Kim JY, Choi JH, Park S-M. Is
arthroscopic distal clavicle resection necessary
for patients with radiological acromioclavicu-
lar joint arthritis and rotator cuff tears? A pro-
spective randomized comparative study. Am J
Sports Med. 2014;42(11):2567-73. https://doi.
org/10.1177/0363546514547254.

Park YB, Koh KH, Shon MS, Park YE, Yoo
JC. Arthroscopic distal clavicle resection in symp-
tomatic acromioclavicular joint arthritis combined
with rotator cuff tear: a prospective randomized trial.
Am J Sports Med. 2015;43(4):985-90. https://doi.
org/10.1177/0363546514563911.

Kesmezacar H, Akgun I, Ogut T, Gokay S, Uzun
1. The coracoacromial ligament: the morphology
and relation to rotator cuff pathology. J Shoulder Elb
Surg. 2008;17(1):182-8. https://doi.org/10.1016/j.
j€.2007.05.015.

Holt EM, Allibone RO. Anatomic variants of the
coracoacromial ligament. J Shoulder Elb Surg.
1995:4(5):370-5.

Fealy S, April EW, Khazzam M, Armengol-Barallat
J, Bigliani LU. The coracoacromial ligament: mor-
phology and study of acromial enthesopathy. J
Shoulder Elb Surg. 2005;14(5):542-8. https://doi.
org/10.1016/j.jse.2005.02.006.

Abrams GD, Gupta AK, Hussey KE, Tetteh ES,
Karas V, Bach BR Jr, Cole BJ, Romeo AA, Verma
NN. Arthroscopic repair of full-thickness rotator
cuff tears with and without acromioplasty: random-
ized prospective trial with 2-year follow-up. Am
J Sports Med. 2014;42(6):1296-303. https://doi.
org/10.1177/0363546514529091.

Gartsman GM, O'Connor DP. Arthroscopic rota-
tor cuff repair with and without arthroscopic
subacromial decompression: a prospective, random-
ized study of one-year outcomes. J Shoulder Elb
Surg. 2004;13(4):424—6. https://doi.org/10.1016/
S1058274604000527.

MacDonald P, McRae S, Leiter J, Mascarenhas
R, Lapner P. Arthroscopic rotator cuff repair with
and without acromioplasty in the treatment of
full-thickness rotator cuff tears: a multicenter, ran-

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

domized controlled trial. J Bone Joint Surg Am.
2011;93(21):1953-60. https://doi.org/10.2106/
JBJS.K.00488.

Milano G, Grasso A, Salvatore M, Zarelli D,
Deriu L, Fabbriciani C. Arthroscopic rotator cuff
repair with and without subacromial decompres-
sion: a prospective randomized study. Arthroscopy.
2007;23(1):81-8. https://doi.org/10.1016/].
arthro.2006.10.011.

Moorman CT, Warren RF, Deng XH, Wickiewicz
TL, Torzilli PA. Role of coracoacromial ligament and
related structures in glenohumeral stability: a cadav-
eric study. J Surg Orthop Adv. 2012;21(4):210-7.
Edelson JG, Zuckerman J, Hershkovitz I. Os acro-
miale: anatomy and surgical implications. J Bone
Joint Surg. 1993;75(4):551-5.

Mudge MK, Wood VE, Frykman GK. Rotator
cuff tears associated with os acromiale. Muscles
Ligaments Tendons J. 1984;66(3):427-9.

Yammine K. The prevalence of os acromiale: A
systematic review and meta-analysis. Clin Anat.
2014;27(4):610-21. https://doi.org/10.1002/ca.22343.
Sammarco VJ. Os acromiale: frequency, anatomy,
and clinical implications. J Bone Joint Surg Am.
2000;82(3):394-400.

Kurtz CA, Humble BJ, Rodosky MW, Sekiya
JK. Symptomatic os acromiale. J Am Acad Orthop
Surg. 2006;14(1):12-9.

Wise JN, Daffner RH, Weissman BN, Bancroft
L, Bennett DL, Blebea JS, Bruno MA, Fries 1B,
Jacobson JA, Luchs JS, Morrison WB, Resnik
CS, Roberts CC, Schweitzer ME, Seeger LL,
Stoller DW, Taljanovic MS. ACR Appropriateness
Criteria(R) on acute shoulder pain. J Am Coll
Radiol. 2011;8(9):602-9. https://doi.org/10.1016/j.
jacr.2011.05.008.

McCreesh KM, Crotty M, Lewis
JS. Acromiohumeral distance measurement in rota-
tor cuff tendinopathy: is there a reliable, clinically
applicable method? A systematic review. Brit J Sport
Med. 2015;49(5):298-305. https://doi.org/10.1136/
bjsports-2012-092063.

Petersson CJ, Redlund-Johnell 1. The subacromial
space in normal shoulder radiographs. Acta Orthop
Scand. 1984;55(1):57-8.

Saupe N, Pfirrmann CWA, Schmid MR, Jost B,
Werner CML, Zanetti M. Association between rota-
tor cuff abnormalities and reduced acromiohumeral
distance. Am J Roentgenol. 2006;187(2):376-82.
https://doi.org/10.2214/Ajr.05.0435.
Nove-Josserand L, Levigne C, Noel E, Walch G. The
acromio-humeral interval. A study of the factors
influencing its height. Rev Chir Orthop Reparatrice
Appar Mot. 1996;82(5):379-85.

Goutallier D, Le Guilloux P, Postel JM, Radier
C, Bernageau J, Zilber S. Acromio humeral dis-
tance less than six millimeter: Its meaning in full-
thickness rotator cuff tear. Orthop Traumatol Sur.
2011;97(3):246-51. https://doi.org/10.1016/j.
otsr.2011.01.010.


https://doi.org/10.1016/j.arthro.2006.01.013
https://doi.org/10.1016/j.arthro.2006.01.013
https://doi.org/10.1007/s00167-014-3114-2
https://doi.org/10.1007/s00167-014-3114-2
https://doi.org/10.1177/0363546514547254
https://doi.org/10.1177/0363546514547254
https://doi.org/10.1177/0363546514563911
https://doi.org/10.1177/0363546514563911
https://doi.org/10.1016/j.jse.2007.05.015
https://doi.org/10.1016/j.jse.2007.05.015
https://doi.org/10.1016/j.jse.2005.02.006
https://doi.org/10.1016/j.jse.2005.02.006
https://doi.org/10.1177/0363546514529091
https://doi.org/10.1177/0363546514529091
https://doi.org/10.1016/S1058274604000527
https://doi.org/10.1016/S1058274604000527
https://doi.org/10.2106/JBJS.K.00488
https://doi.org/10.2106/JBJS.K.00488
https://doi.org/10.1016/j.arthro.2006.10.011
https://doi.org/10.1016/j.arthro.2006.10.011
https://doi.org/10.1002/ca.22343
https://doi.org/10.1016/j.jacr.2011.05.008
https://doi.org/10.1016/j.jacr.2011.05.008
https://doi.org/10.1136/bjsports-2012-092063
https://doi.org/10.1136/bjsports-2012-092063
https://doi.org/10.2214/Ajr.05.0435
https://doi.org/10.1016/j.otsr.2011.01.010
https://doi.org/10.1016/j.otsr.2011.01.010

120

E.Y.Chang and C. B. Chung

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

Huang LF, Rubin DA, Britton CA. Greater tuberos-
ity changes as revealed by radiography: lack of clini-
cal usefulness in patients with rotator cuff disease.
Am J Roentgenol. 1999;172(5):1381-8.

Fritz LB, Ouellette HA, O'Hanley TA, Kassarjian
A, Palmer WE. Cystic changes at supraspinatus and
infraspinatus tendon insertion sites: Association
with age and rotator cuff disorders in 238 patients.
Radiology. 2007;244(1):239-48. https://doi.
org/10.1148/radiol.2441050029.

Sano A, Itoi E, Konno N, Kido T, Urayama M,
Sato K. Cystic changes of the humeral head on
MR imaging - Relation to age and cuff-tears. Acta
Orthop Scand. 1998;69(4):397-400. https://doi.
org/10.3109/17453679808999054.

Suluova F, Kanatli U, Ozturk BY, Esen E, Bolukbasi
S. Humeral head cysts: association with rotator
cuff tears and age. Eur J Orthop Surg Traumatol.
2014;24(5):733-9. https://doi.org/10.1007/
s00590-013-1247-5.

Studler U, Pfirrmann CW, Jost B, Rousson V, Hodler
J, Zanetti M. Abnormalities of the lesser tuberos-
ity on radiography and MRI: association with sub-
scapularis tendon lesions. AJR Am J Roentgenol.
2008;191(1):100-6. https://doi.org/10.2214/
AJR.07.3056.

Pan Y-W, Mok D, Tsiouri C, Chidambaram R. The
association between radiographic greater tuberosity
cystic change and rotator cuff tears: a study of 105
consecutive cases. Shoulder Elbow. 2011;3(4):205-9.
https://doi.org/10.1111/j.1758-5740.2011.00143 .
Wissman RD, Ingalls J, Hendry D, Gorman D,
Kenter K. Cysts within and adjacent to the lesser
tuberosity: correlation with shoulder arthroscopy.
Skelet Radiol. 2012;41(9):1105-10. https://doi.
org/10.1007/500256-012-1366-9.

Wissman R, Hendry D, Gorman D, Kapur S, Ingalls
J,Ying J, Kenter K. Cysts within and adjacent to the
lesser tuberosity: correlation with shoulder arthros-
copy. Am J Roentgenol. 2010;194(5):1105.
Celikyay F, Yuksekkaya R, Deniz C, Inal S, Gokce
E, Acu B. Locations of lesser tuberosity cysts and
their association with subscapularis, supraspina-
tus, and long head of the biceps tendon disorders.
Acta Radiol. 2014;56(12):1494-500. https://doi.
org/10.1177/0284185114561821.

Williams M, Lambert RG, Jhangri GS, Grace M,
Zelazo J, Wong B, Dhillon SS. Humeral head cysts
and rotator cuff tears: an MR arthrographic study.
Skelet Radiol. 2006;35(12):909-14. https://doi.
org/10.1007/500256-006-0157-6.

Jin W, Ryu KN, Park YK, Lee WK, Ko SH, Yang
DM. Cystic lesions in the posterosuperior portion of
the humeral head on MR arthrography: correlations
with gross and histologic findings in cadavers. AJR
Am J Roentgenol. 2005;184(4):1211-5. https://doi.
org/10.2214/ajr.184.4.01841211.

Koh KH, Han KY, Yoon YC, Lee SW, Yoo JC. True
anteroposterior (Grashey) view as a screening radio-
graph for further imaging study in rotator cuff tear.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

J Shoulder Elb Surg. 2013;22(7):901-7. https://doi.
org/10.1016/j.jse.2012.09.015.

Pearsall AW, Bonsell S, Heitman RJ, Helms CA,
Osbahr D, Speer KP. Radiographic findings asso-
ciated with symptomatic rotator cuff tears. J
Shoulder Elb Surg. 2003;12(2):122-7. https://doi.
org/10.1067/mse.2003.19.

Berens DL, Lockie LM. Ossification of the coraco-
acromial ligament. Radiology. 1960;74:802-5.
https://doi.org/10.1148/74.5.802.

Cone RO 3rd, Resnick D, Danzig L. Shoulder
impingement syndrome: radiographic evalua-
tion. Radiology. 1984;150(1):29-33. https://doi.
org/10.1148/radiology.150.1.6689783.

Kieft GJ, Bloem JL, Rozing PM, Obermann
WR. Rotator cuff impingement syndrome: MR imag-
ing. Radiology. 1988;166(1 Pt 1):211-4. https://doi.
org/10.1148/radiology.166.1.3336681.

Kilcoyne RF, Reddy PK, Lyons F, Rockwood
CA. Optimal plain film imaging of the shoul-
der impingement syndrome. Am J Roentgenol.
1989;153(4):795-7.

Newhouse KE, el-Khoury GY, Nepola JV,
Montgomery WIJ. The shoulder impingement view: a
fluoroscopic technique for the detection of subacro-
mial spurs. AJR Am J Roentgenol. 1988;151(3):539—
41. https://doi.org/10.2214/ajr.151.3.539.

Lee DH, Lee KH, Lopez-Ben R, Bradley EL. The
double-density sign: a radiographic finding sug-
gestive of an os acromiale. J Bone Joint Surg Am.
2004;86-A(12):2666-70.

Omoumi P, Bafort AC, Dubuc JE, Malghem ]J,
Vande Berg BC, Lecouvet FE. Evaluation of
rotator cuff tendon tears: comparison of multi-
detector CT arthrography and 1.5-T MR arthrog-
raphy. Radiology. 2012;264(3):812-22. https://doi.
org/10.1148/radiol.12112062.

Mahmoud MK, Badran YM, Zaki HG, Ali AH. One-
shot MR and MDCT arthrography of shoulder lesions
with arthroscopic correlation. Egypt J Radiol Nucl
Med. 2013;44(2):273-81. https://doi.org/10.1016/].
ejrnm.2013.01.002.

Szymanski C, Staquet V, Deladerriere JY, Vervoort
T, Audebert S, Maynou C. Reproducibility
and reliability of subscapularis tendon assess-
ment using CT-arthrography. Orthop Traumatol-
Sur.  2013;99(1):2-9.  https://doi.org/10.1016/j.
otsr.2012.07.014.

Charousset C, Bellaiche L, Duranthon LD,
Grimberg J. Accuracy of CT arthrography in
the assessment of tears of the rotator cuff. J
Bone Joint Surg. 2005;87b(6):824-8. https://doi.
org/10.1302/0301-620x.87b6.15836.

Roy JS, Braen C, Leblond J, Desmeules F,
Dionne CE, MacDermid JC, Bureau NJ, Fremont
P. Diagnostic accuracy of ultrasonography, MRI and
MR arthrography in the characterisation of rotator
cuff disorders: a meta-analysis. Br J Sports Med.
2015;49(20):1316-28. https://doi.org/10.1136/
bjsports-2014-094148.


https://doi.org/10.1148/radiol.2441050029
https://doi.org/10.1148/radiol.2441050029
https://doi.org/10.3109/17453679808999054
https://doi.org/10.3109/17453679808999054
https://doi.org/10.1007/s00590-013-1247-5
https://doi.org/10.1007/s00590-013-1247-5
https://doi.org/10.2214/AJR.07.3056
https://doi.org/10.2214/AJR.07.3056
https://doi.org/10.1111/j.1758-5740.2011.00143.x
https://doi.org/10.1007/s00256-012-1366-9
https://doi.org/10.1007/s00256-012-1366-9
https://doi.org/10.1177/0284185114561821
https://doi.org/10.1177/0284185114561821
https://doi.org/10.1007/s00256-006-0157-6
https://doi.org/10.1007/s00256-006-0157-6
https://doi.org/10.2214/ajr.184.4.01841211
https://doi.org/10.2214/ajr.184.4.01841211
https://doi.org/10.1016/j.jse.2012.09.015
https://doi.org/10.1016/j.jse.2012.09.015
https://doi.org/10.1067/mse.2003.19
https://doi.org/10.1067/mse.2003.19
https://doi.org/10.1148/74.5.802
https://doi.org/10.1148/radiology.150.1.6689783
https://doi.org/10.1148/radiology.150.1.6689783
https://doi.org/10.1148/radiology.166.1.3336681
https://doi.org/10.1148/radiology.166.1.3336681
https://doi.org/10.2214/ajr.151.3.539
https://doi.org/10.1148/radiol.12112062
https://doi.org/10.1148/radiol.12112062
https://doi.org/10.1016/j.ejrnm.2013.01.002
https://doi.org/10.1016/j.ejrnm.2013.01.002
https://doi.org/10.1016/j.otsr.2012.07.014
https://doi.org/10.1016/j.otsr.2012.07.014
https://doi.org/10.1302/0301-620x.87b6.15836
https://doi.org/10.1302/0301-620x.87b6.15836
https://doi.org/10.1136/bjsports-2014-094148
https://doi.org/10.1136/bjsports-2014-094148

5

Imaging Diagnosis of Rotator Cuff Pathology and Impingement Syndromes

121

199

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

. Wohlwend JR, van Holsbeeck M, Craig J, Shirazi K,
Habra G, Jacobsen G, Bouffard JA. The association
between irregular greater tuberosities and rotator
cuff tears: a sonographic study. Am J Roentgenol.
1998;171(1):229-33.

Farin PU, Jaroma H, Harju A, Soimakallio
S. Shoulder impingement syndrome: sonographic
evaluation. Radiology. 1990;176(3):845-9. https://
doi.org/10.1148/radiology.176.3.2202014.

Bureau NJ, Beauchamp M, Cardinal E, Brassard
P. Dynamic sonography evaluation of shoulder
impingement syndrome. AJR Am J Roentgenol.
2006;187(1):216-20. https://doi.org/10.2214/
AJR.05.0528.

Daghir AA, Sookur PA, Shah S, Watson M. Dynamic
ultrasound of the subacromial-subdeltoid bursa
in patients with shoulder impingement: a com-
parison with normal volunteers. Skelet Radiol.
2012;41(9):1047-53. https://doi.org/10.1007/
500256-011-1295-z.

Read JW, Perko M. Shoulder ultrasound: diagnostic
accuracy for impingement syndrome, rotator cuff
tear, and biceps tendon pathology. J Shoulder Elb
Surg. 1998;7(3):264-71.

Read JW, Perko M. Ultrasound diagnosis of
subacromial impingement for lesions of the
rotator cuff. Australas J Ultrasound Med.
2010;13(2):11-5.

Khoury V, Cardinal E, Bureau NJ. Musculoskeletal
sonography: a dynamic tool for usual and unusual
disorders. AJR Am J Roentgenol. 2007;188(1):W63—
73. https://doi.org/10.2214/AJR.06.0579.
Karjalainen PT, Soila K, Aronen HJ, Pihlajamaki
HK, Tynninen O, Paavonen T, Tirman PF. MR imag-
ing of overuse injuries of the Achilles tendon. AJR
Am J Roentgenol. 2000;175(1):251-60. https://doi.
org/10.2214/ajr.175.1.1750251.

Krasnosselskaia LV, Fullerton GD, Dodd SJ,
Cameron IL. Water in tendon: orientational anal-
ysis of the free induction decay. Magn Reson
Med. 2005;54(2):280-8. https://doi.org/10.1002/
mrm.20540.

Berendsen HJC. Nuclear magnetic reso-
nance study of collagen HYDRATION. J
Chem  Phys. 1962;36(12):3297.  https://doi.

org/10.1063/1.1732460.

Gagey N, Quillard J, Gagey O, Meduri G, Bittoun J,
Lassau JP. Tendon of the normal supraspinatus mus-
cle: correlations between MR imaging and histology.
Surg Radiol Anat. 1995;17(4):329-34.

Kjellin I, Ho CP, Cervilla V, Haghighi P, Kerr R,
Vangness CT, Friedman RJ, Trudell D, Resnick
D. Alterations in the supraspinatus tendon at MR
imaging: correlation with histopathologic findings in
cadavers. Radiology. 1991;181(3):837—41. https://
doi.org/10.1148/radiology.181.3.1947107.

Tuite MJ. Magnetic resonance imaging of rota-
tor cuff disease and external impingement. Magn
Reson Imaging Clin N Am. 2012;20(2):187-200, ix.
https://doi.org/10.1016/j.mric.2012.01.011.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

Bauer S, Wang A, Butler R, Fallon M, Nairn R,
Budgeon C, Breidahl W, Zheng MH. Reliability of a
3 T MRI protocol for objective grading of supraspi-
natus tendonosis and partial thickness tears. J Orthop
Surg Res. 2014;9:128. https://doi.org/10.1186/
$13018-014-0128-x.

de Jesus JO, Parker L, Frangos AJ, Nazarian
LN. Accuracy of MRI, MR arthrography, and
ultrasound in the diagnosis of rotator cuff
tears: a meta-analysis. AJR Am J Roentgenol.
2009;192(6):1701-7. https://doi.org/10.2214/
AJR.08.1241.

Farley TE, Neumann CH, Steinbach LS, Jahnke AJ,
Petersen SS. Full-thickness tears of the rotator cuff
of the shoulder: diagnosis with MR imaging. AJR
Am J Roentgenol. 1992;158(2):347-51. https://doi.
org/10.2214/ajr.158.2.1729796.

Lee JH, Yoon YC, Jee S. Diagnostic performance of
indirect MR arthrography for the diagnosis of rotator
cuff tears at 3.0T. Acta Radiol. 2014;56(6):720-6.
https://doi.org/10.1177/0284185114537817.

Jung JY, Yoon YC, Yi SK, Yoo J, Choe
BK. Comparison study of indirect MR arthrography
and direct MR arthrography of the shoulder. Skelet
Radiol. 2009;38(7):659-67. https://doi.org/10.1007/
$00256-009-0660-7.

Lee JH, Yoon YC, Jee S, Kwon JW, Cha JG, Yoo
JC. Comparison of three-dimensional isotropic and
two-dimensional conventional indirect MR arthrog-
raphy for the diagnosis of rotator cuff tears. Korean J
Radiol. 2014;15(6):771-80. https://doi.org/10.3348/
kjr.2014.15.6.771.

Dumontier C, Sautet A, Gagey O, Apoil A. Rotator
interval lesions and their relation to coracoid
impingement syndrome. J Shoulder Elb Surg.
1999:8(2):130-5. https://doi.org/10.1016/
S1058-2746(99)90005-8.

Ferrick MR. Coracoid impingement - A case report
and review of the literature. Am J Sport Med.
2000;28(1):117-9.

Gerber C, Terrier F, Ganz R. The role of the cora-
coid process in the chronic impingement syndrome.
J Bone Joint Surg. 1985;67(5):703-8.

Paulson MM, Watnik NE, Dines DM. Coracoid
impingement syndrome, rotator interval recon-
struction, and biceps tenodesis in the overhead
athlete (Reprinted from Operative Techniques in
Sports Medicine, October, 2000). Orthop Clin
N Am. 2001;32(3):485. https://doi.org/10.1016/
S0030-5898(05)70217-0.

Martetschlager F, Rios D, Boykin RE, Giphart JE,
de Waha A, Millett PJ. Coracoid impingement: cur-
rent concepts. Knee surgery, sports traumatology.
Arthroscopy.  2012;20(11):2148-55.  https://doi.
org/10.1007/s00167-012-2013-7.

Goldthwait JE. An anatomic and mechanical study
of the shoulder-joint, explaining many of the cases
of painful shoulder, many of the recurrent disloca-
tions, and many of the cases of brachial neuralgias
or neuritis. J Bone Joint Surg. 1909;52-6(4):579.


https://doi.org/10.1148/radiology.176.3.2202014
https://doi.org/10.1148/radiology.176.3.2202014
https://doi.org/10.2214/AJR.05.0528
https://doi.org/10.2214/AJR.05.0528
https://doi.org/10.1007/s00256-011-1295-z
https://doi.org/10.1007/s00256-011-1295-z
https://doi.org/10.2214/AJR.06.0579
https://doi.org/10.2214/ajr.175.1.1750251
https://doi.org/10.2214/ajr.175.1.1750251
https://doi.org/10.1002/mrm.20540
https://doi.org/10.1002/mrm.20540
https://doi.org/10.1063/1.1732460
https://doi.org/10.1063/1.1732460
https://doi.org/10.1148/radiology.181.3.1947107
https://doi.org/10.1148/radiology.181.3.1947107
https://doi.org/10.1016/j.mric.2012.01.011
https://doi.org/10.1186/s13018-014-0128-x
https://doi.org/10.1186/s13018-014-0128-x
https://doi.org/10.2214/AJR.08.1241
https://doi.org/10.2214/AJR.08.1241
https://doi.org/10.2214/ajr.158.2.1729796
https://doi.org/10.2214/ajr.158.2.1729796
https://doi.org/10.1177/0284185114537817
https://doi.org/10.1007/s00256-009-0660-7
https://doi.org/10.1007/s00256-009-0660-7
https://doi.org/10.3348/kjr.2014.15.6.771
https://doi.org/10.3348/kjr.2014.15.6.771
https://doi.org/10.1016/S1058-2746(99)90005-8
https://doi.org/10.1016/S1058-2746(99)90005-8
https://doi.org/10.1016/S0030-5898(05)70217-0
https://doi.org/10.1016/S0030-5898(05)70217-0
https://doi.org/10.1007/s00167-012-2013-7
https://doi.org/10.1007/s00167-012-2013-7

122 E.Y.Chang and C. B. Chung

224. Arrigoni P, Brady PC, Burkhart SS. Calcific ten-  239. Richards DP, Burkhart SS, Campbell SE. Relation
donitis of the subscapularis tendon causing sub- between narrowed coracohumeral distance and sub-
coracoid stenosis and coracoid impingement. scapularis tears. Arthroscopy. 2005;21(10):1223-8.
Arthroscopy. 2006;22(10):1139 el131-3. https:/ https://doi.org/10.1016/j.arthro.2005.06.015.
doi.org/10.1016/j.arthro.2005.06.028. 240. Friedman RJ, Bonutti PM, Genez B. Cine mag-

225. Franceschi F, Longo UG, Ruzzini L, Rizzello G, netic resonance imaging of the subcoracoid region.
Denaro V. Arthroscopic management of calcific ten- Orthopedics. 1998;21(5):545-8.
dinitis of the subscapularis tendon. Knee Surg Sports ~ 241. Giaroli EL, Major NM, Lemley DE, Lee
Traumatol Arthrosc. 2007;15(12):1482-5. https:/ J. Coracohumeral interval imaging in subcora-
doi.org/10.1007/s00167-007-0340-x. coid impingement syndrome on MRI. AJR Am

226. Ko JY, Shih CH, Chen WJ, Yamamoto R. Coracoid J Roentgenol. 2006;186(1):242—6. https://doi.
impingement caused by a ganglion from the sub- org/10.2214/AJR.04.0830.
scapularis tendon. A case report. J Bone Joint Surg.  242. Lo IK, Parten PM, Burkhart SS. Combined subcora-
1994;76(11):1709-11. coid and subacromial impingement in association

227. Peidro L, Serra A, Suso S. Subcoracoid impinge- with anterosuperior rotator cuff tears: An arthroscopic
ment after ossification of the subscapularis tendon. approach.  Arthroscopy.  2003;19(10):1068-78.
J Shoulder Elb Surg. 1999;8(2):170-1. https://doi.org/10.1016/j.arthro.2003.10.016.

228. Terabayashi N, Fukuta M, Ito Y, Takigami I, 243. Nove-Josserand L, Boulahia A, Levigne C, Noel E,
Nishimoto Y, Shimizu K. Shoulder impingement Walch G. Coraco-humeral space and rotator cuff
syndrome due to a ganglion cyst below the cora- tears. Rev Chir Orthop Reparatrice Appar Mot.
coacromial ligament: a case report. J Bone Joint 1999;85(7):677-83.

Surg.  2011;93(8):e36.  https://doi.org/10.2106/  244. Lo IKY, Burkhart SS. Arthroscopic coraco-
JBJS.J.00810. plasty through the rotator interval. Arthroscopy.

229. Patte D. The subcoracoid impingement. Clin Orthop 2003;19(6):667-71. https://doi.org/10.1016/
Relat Res. 1990;254:55-9. S0749-8063(03)00219-6.

230. Radas CB, Pieper HG. The coracoid impingement  245. Nove-Josserand L, Edwards TB, O'Connor DP,
of the subscapularis tendon: a cadaver study. J Walch G. The acromiohumeral and coracohumeral
Shoulder Elb Surg. 2004;13(2):154-9. https://doi. intervals are abnormal in rotator cuff tears with
org/10.1016/S1058274603003124. muscular fatty degeneration. Clin Orthop Relat Res.

231. Kragh JF Jr, Doukas WC, Basamania CJ. Primary 2005;433:90-6.
coracoid impingement syndrome. Am J Orthop (Belle ~ 246. Walz DM, Miller TT, Chen S, Hofman J. MR imag-
Mead NJ). 2004;33(5):229-32.. discussion 232 ing of delamination tears of the rotator cuff tendons.

232. Okoro T, Reddy VR, Pimpelnarkar A. Coracoid Skelet Radiol. 2007;36(5):411-6.  https://doi.
impingement syndrome: a literature review. Curr org/10.1007/500256-006-0265-3.

Rev Musculoskelet Med. 2009;2(1):51-5. https://  247. Deutsch A, Altchek DW, Veltri DM, Potter HG,
doi.org/10.1007/512178-009-9044-9. Warren RF. Traumatic tears of the subscapularis ten-

233. Dines DM, Warren RF, Inglis AE, Pavlov H. The don. Clinical diagnosis, magnetic resonance imaging
coracoid impingement syndrome. J Bone Joint Surg. findings, and operative treatment. Am J Sports Med.
1990;72(2):314-6. 1997;25(1):13-22.

234. Gerber C, Terrier F, Zehnder R, Ganz R. The subcor-  248. Lafosse L, Jost B, Reiland Y, Audebert S, Toussaint
acoid space. An anatomic study. Clin Orthop Relat B, Gobezie R. Structural integrity and clinical out-
Res. 1987;215:132-8. comes after arthroscopic repair of isolated subscapu-

235. Masala S, Fanucci E, Maiotti M, Nardocci M, laris tears. J Bone Joint Surg. 2007;89(6):1184-93.
Gaudioso C, Apruzzese A, Di Mario M, Simonetti https://doi.org/10.2106/JBJS.F.00007.

G. Impingement syndrome of the shoulder. 249. FoxJ, Romeo AA Arthroscopic subscapularis repair.
Clinical data and radiologic findings. Radiol Med. In: Annual Meeting of the American Academy of
1995:89(1-2):18-21. Orthopaedic Surgeons, New Orleans, LA, 2003.

236. Finnoff JT, Thompson JM, Collins M, Dahm 250. Osti L, Soldati F, Buono AD, Buda M. Arthroscopic
D. Subcoracoid bursitis as an unusual cause of pain- repair of the subscapularis tendon: indications, limits
ful anterior shoulder snapping in a weight lifter. and technical features. Muscles Ligaments Tendons
Am J Sports Med. 2010;38(8):1687-92. https://doi. J.2013;3(3):213-9.
org/10.1177/0363546510369546. 251. Kim SJ, Jung M, Lee JH, Kim C, Chun

237.

238.

Drakes S, Thomas S, Kim S, Guerrero L, Lee
SW.  Ultrasonography of subcoracoid bursal
impingement syndrome. Pm&R. 2015;7(3):329-33.
https://doi.org/10.1016/j.pmrj.2014.09.015.
Bonutti PM, Norfray JF, Friedman RJ, Genez
BM. Kinematic Mri of the Shoulder. J Comput
Assist Tomogr. 1993;17(4):666-9.

YM. Arthroscopic repair of anterosuperior rotator
cuff tears: in-continuity technique vs. disruption
of subscapularis-supraspinatus tear margin: com-
parison of clinical outcomes and structural integ-
rity between the two techniques. J Bone Joint Surg
Am. 2014;96(24):2056-61. https://doi.org/10.2106/
JBJS.N.00293.


https://doi.org/10.1016/j.arthro.2005.06.028
https://doi.org/10.1016/j.arthro.2005.06.028
https://doi.org/10.1007/s00167-007-0340-x
https://doi.org/10.1007/s00167-007-0340-x
https://doi.org/10.2106/JBJS.J.00810
https://doi.org/10.2106/JBJS.J.00810
https://doi.org/10.1016/S1058274603003124
https://doi.org/10.1016/S1058274603003124
https://doi.org/10.1007/s12178-009-9044-9
https://doi.org/10.1007/s12178-009-9044-9
https://doi.org/10.1177/0363546510369546
https://doi.org/10.1177/0363546510369546
https://doi.org/10.1016/j.pmrj.2014.09.015
https://doi.org/10.1016/j.arthro.2005.06.015
https://doi.org/10.2214/AJR.04.0830
https://doi.org/10.2214/AJR.04.0830
https://doi.org/10.1016/j.arthro.2003.10.016
https://doi.org/10.1016/S0749-8063(03)00219-6
https://doi.org/10.1016/S0749-8063(03)00219-6
https://doi.org/10.1007/s00256-006-0265-3
https://doi.org/10.1007/s00256-006-0265-3
https://doi.org/10.2106/JBJS.F.00007
https://doi.org/10.2106/JBJS.N.00293
https://doi.org/10.2106/JBJS.N.00293

5 Imaging Diagnosis of Rotator Cuff Pathology and Impingement Syndromes 123

252. Visona E, Cerciello S, Godeneche A, Neyton L, 265. Wright RW, Steger-May K, Klein SE.
Fessy MH, Nove-Josserand L. The "comma sign": Radiographic findings in the shoulder and elbow of
an anatomical investigation (dissection of the rota- major league baseball pitchers. Am J Sport Med.
tor interval in 14 cadaveric shoulders). Surgical 2007;35(11):1839-43. https://doi.org/10.1177/
Radiol Anatomy. 2015;37(7):793-8. https://doi. 0363546507304493.
org/10.1007/s00276-015-1420-0. 266. Bennett GE. Shoulder and elbow lesions distinctive

253. Lo 1K, Burkhart SS. The comma sign: An of baseball players. Ann Surg. 1947;126(1):107-10.
arthroscopic guide to the torn subscapularis ten-  267. Wright RW, Paletta GA Jr. Prevalence of the Bennett
don. Arthroscopy. 2003;19(3):334-7. https://doi. lesion of the shoulder in major league pitchers. AmJ
org/10.1053/jars.2003.50080. Sports Med. 2004;32(1):121-4.

254. Jung JY, Yoon YC, Cha DI, Yoo JC, Jung JY. The 268. Nakagawa S, Yoneda M, Hayashida K, Mizuno N,
"bridging sign": a MR finding for combined full- Yamada S. Posterior shoulder pain in throwing ath-
thickness tears of the subscapularis tendon and the letes with a Bennett lesion: Factors that influence
supraspinatus tendon. Acta Radiol. 2013;54(1):83— throwing pain. J Shoulder Elb Surg. 2006;15(1):72—
8. https://doi.org/10.1258/ar.2012.120353. 7. https://doi.org/10.1016/j.jse.2005.05.010.

255. Walch G, Boileau P, Noel E, Donell ST. Impingement ~ 269. Ferrari JD, Ferrari DA, Coumas J, Pappas
of the deep surface of the supraspinatus tendon on the AM. Posterior ossification of the shoulder - the
posterosuperior glenoid rim: An arthroscopic study. bennett lesion - etiology, diagnosis, and treatment.
J Shoulder Elb Surg. 1992;1(5):238—45. https://doi. Am J Sport Med. 1994;22(2):171-6. https://doi.
org/10.1016/S1058-2746(09)80065-7. org/10.1177/036354659402200204.

256. Jobe CM. Posterior superior glenoid impinge- 270. Yablon CM, Bedi A, Morag Y, Jacobson JA.
ment: expanded spectrum. Arthroscopy. Ultrasonography of the shoulder with arthroscopic
1995;11(5):530-6. correlation. Clin Sports Med. 2013;32(3):391-408.

257. Halbrecht JL, Tirman P, Atkin D. Internal impinge- https://doi.org/10.1016/j.csm.2013.03.001.
ment of the shoulder: comparison of findings between ~ 271. Thomas SJ, Swanik CB, Higginson JS, Kaminski
the throwing and nonthrowing shoulders of college TW, Swanik KA, Bartolozzi AR, Abboud JA,
baseball players. Arthroscopy. 1999;15(3):253-8. Nazarian LN. A bilateral comparison of posterior
https://doi.org/10.1016/S0749-8063(99)70030-7. capsule thickness and its correlation with glenohu-

258. McFarland EG, Hsu CY, Neira C, O'Neil meral range of motion and scapular upward rota-
O. Internal impingement of the shoulder: a clini- tion in collegiate baseball players. J Shoulder Elb
cal and arthroscopic analysis. J Shoulder Elb Surg. 2011;20(5):708-16. https://doi.org/10.1016/j.
Surg. 1999;8(5):458-60. https://doi.org/10.1016/ j5e.2010.08.031.

S1058-2746(99)90076-9. 272. Kirchhoff C, Imhoff AB. Posterosuperior and

259. Walch G, Liotard JP, Boileau P, Noel E. Postero- anterosuperior impingement of the shoulder in
superior glenoid impingement. Another impinge- overhead athletes-evolving concepts. Int Orthop.
ment of the shoulder. J Radiol. 1993;74(1):47-50. 2010;34(7):1049-58. https://doi.org/10.1007/

260. Jobe FW, Giangarra CE, Kvitne RS, Glousman $00264-010-1038-0.

RE. Anterior capsulolabral reconstruction of 273. Giaroli EL, Major NM, Higgins LD. MRI of
the shoulder in athletes in overhand sports. Am internal impingement of the shoulder. AJR° Am
J Sports Med. 1991;19(5):428-34. https://doi. J  Roentgenol. 2005;185(4):925-9. https://doi.
org/10.1177/036354659101900502. org/10.2214/AJR.04.0971.

261. Mihata T, McGarry MH, Neo M, Ohue M, Lee 274. Tirman PFJ, Bost FW, Garvin GJ, Peterfy CG, Mall
TQ. Effect of anterior capsular laxity on horizon- JC, Steinbach LS, Feller JF, Crues JV. Posterosuperior
tal abduction and forceful internal impingement in glenoid impingement of the shoulder - findings at
a cadaveric model of the throwing shoulder. Am Mr-imaging and Mr arthrography with Arthroscopic
J Sports Med. 2015;43(7):1758-63. https://doi. correlation. Radiology. 1994;193(2):431-6.
org/10.1177/0363546515582025. 275. Smith TO, Drew BT, Toms AP. A meta-analysis of

262. Burkhart SS, Morgan CD, Kibler WB. The disabled the diagnostic test accuracy of MRA and MRI for
throwing shoulder: spectrum of pathology Part I: the detection of glenoid labral injury. Arch Orthop
pathoanatomy and biomechanics. Arthroscopy. Trauma Surg. 2012;132(7):905-19. https://doi.
2003;19(4):404-20. https://doi.org/10.1053/ org/10.1007/s00402-012-1493-8.
jars.2003.50128. 276. Chang EY, Fliszar E, Chung CB. Superior

263. Levitz CL, Dugas J, Andrews JR. The use of labrum anterior and posterior lesions and micro-
arthroscopic thermal capsulorrhaphy to treat inter- instability. Magn Reson Imaging Clin N Am.
nal impingement in baseball players. Arthroscopy. 2012;20(2):277-94., x-xi. https://doi.org/10.1016/j.
2001;17(6):573-7. https://doi.org/10.1053/ mric.2012.01.002.
jars.2001.24853. 277. Tehranzadeh AD, Fronek J, Resnick D. Posterior

264. Mithofer K, Fealy S, Altchek DW. Arthroscopic capsular fibrosis in professional baseball pitch-

Treatment of Internal Impingement of the Shoulder.
Tech Should Elbow Surg. 2004;5(2):66-75.

ers: case series of MR arthrographic findings in
six patients with glenohumeral internal rotational


https://doi.org/10.1007/s00276-015-1420-0
https://doi.org/10.1007/s00276-015-1420-0
https://doi.org/10.1053/jars.2003.50080
https://doi.org/10.1053/jars.2003.50080
https://doi.org/10.1258/ar.2012.120353
https://doi.org/10.1016/S1058-2746(09)80065-7
https://doi.org/10.1016/S1058-2746(09)80065-7
https://doi.org/10.1016/S0749-8063(99)70030-7
https://doi.org/10.1016/S1058-2746(99)90076-9
https://doi.org/10.1016/S1058-2746(99)90076-9
https://doi.org/10.1177/036354659101900502
https://doi.org/10.1177/036354659101900502
https://doi.org/10.1177/0363546515582025
https://doi.org/10.1177/0363546515582025
https://doi.org/10.1053/jars.2003.50128
https://doi.org/10.1053/jars.2003.50128
https://doi.org/10.1053/jars.2001.24853
https://doi.org/10.1053/jars.2001.24853
https://doi.org/10.1177/0363546507304493
https://doi.org/10.1177/0363546507304493
https://doi.org/10.1016/j.jse.2005.05.010
https://doi.org/10.1177/036354659402200204
https://doi.org/10.1177/036354659402200204
https://doi.org/10.1016/j.csm.2013.03.001
https://doi.org/10.1016/j.jse.2010.08.031
https://doi.org/10.1016/j.jse.2010.08.031
https://doi.org/10.1007/s00264-010-1038-0
https://doi.org/10.1007/s00264-010-1038-0
https://doi.org/10.2214/AJR.04.0971
https://doi.org/10.2214/AJR.04.0971
https://doi.org/10.1007/s00402-012-1493-8
https://doi.org/10.1007/s00402-012-1493-8
https://doi.org/10.1016/j.mric.2012.01.002
https://doi.org/10.1016/j.mric.2012.01.002

124

E.Y.Chang and C. B. Chung

278.

279.

280.

281.

282.

283.

284.

285.

286.

287.

288.

289.

deficit. Clin Imaging. 2007;31(5):343-8. https://doi.
org/10.1016/j.clinimag.2007.05.005.

Tuite MJ, Petersen BD, Wise SM, Fine JP, Kaplan
LD, Orwin JE. Shoulder MR arthrography of the pos-
terior labrocapsular complex in overhead throwers
with pathologic internal impingement and internal
rotation deficit. Skelet Radiol. 2007;36(6):495-502.
https://doi.org/10.1007/s00256-007-0278-6.

Jung JY, Ha DH, Lee SM, Blacksin MF, Kim KA,
Kim JW. Displaceability of SLAP lesion on shoul-
der MR arthrography with external rotation posi-
tion. Skelet Radiol. 2011;40(8):1047-55. https://doi.
org/10.1007/s00256-011-1134-2.

Saleem AM, Lee JK, Novak LM. Usefulness of
the abduction and external rotation views in shoul-
der MR arthrography. AJR Am J Roentgenol.
2008;191(4):1024-30. https://doi.org/10.2214/
AJR.07.3962.

Mulyadi E, Harish S, O'Neill J, Rebello R. MRI of
impingement syndromes of the shoulder. Clin Radiol.
2009;64(3):307-18. https://doi.org/10.1016/j.
crad.2008.08.013.

Gerber C, Sebesta A. Impingement of the deep sur-
face of the subscapularis tendon and the reflection
pulley on the anterosuperior glenoid rim: a prelimi-
nary report. J Shoulder Elb Surg. 2000;9(6):483-90.
https://doi.org/10.1067/mse.2000.109322.

Struhl S.  Anterior internal impingement:
an  arthroscopic ~ observation.  Arthroscopy.
2002;18(1):2-7.

Habermeyer P, Magosch P, Pritsch M, Scheibel
MT, Lichtenberg S. Anterosuperior impinge-
ment of the shoulder as a result of pulley lesions:
a prospective arthroscopic study. J Shoulder Elb
Surg. 2004;13(1):5-12. https://doi.org/10.1016/j.
j€.2003.09.013.

Garofalo R, Karlsson J, Nordenson U, Cesari E,
Conti M, Castagna A. Anterior-superior internal
impingement of the shoulder: an evidence-based
review. Knee Surg Sports Traumatol Arthrosc.
2010;18(12):1688-93. https://doi.org/10.1007/
s00167-010-1232-z.

Krzycki J, Tischer T, Imhoff AB. The para-shoulder:
lesions of the anterior-superior complex (Labrum,
SGHL, SSC) and their arthroscopic treatment. Z
Orthop Thre Grenzgeb. 2006;144(5):446-8. https://
doi.org/10.1055/s-2006-954403.

Valadie AL, Jobe CM, Pink MM, Ekman EF, Jobe
FW. Anatomy of provocative tests for impinge-
ment syndrome of the shoulder. J Shoulder Elb
Surg.  2000;9(1):36-46.  https://doi.org/10.1016/
S$1058-2746(00)90008-9.

Pappas GP, Blemker SS, Beaulieu CF, McAdams TR,
Whalen ST, Gold GE. In vivo anatomy of the Neer
and Hawkins sign positions for shoulder impinge-
ment. J Shoulder Elb Surg. 2006;15(1):40-9. https://
doi.org/10.1016/j.jse.2005.04.007.

Baumann B, Genning K, Bohm D, Rolf O, Gohlke
F. Arthroscopic prevalence of pulley lesions in 1007
consecutive patients. J Shoulder Elb Surg.
2008;17(1):14-20. https://doi.org/10.1016/j.jse.2007.
04.011.

290.

291.

292.

293.

294.

29s.

296.

297.

298.

299.

300.

Barile A, Lanni G, Conti L, Mariani S, Calvisi V,
Castagna A, Rossi F, Masciocchi C. Lesions of the
biceps pulley as cause of anterosuperior impinge-
ment of the shoulder in the athlete: potentials and
limits of MR arthrography compared with arthros-
copy. Radiol Med. 2013;118(1):112-22. https://doi.
org/10.1007/s11547-012-0838-2.

Chandnani VP, Gagliardi JA, Murnane TG,
Bradley YC, DeBerardino TA, Spaeth J, Hansen
ME. Glenohumeral ligaments and shoulder cap-
sular mechanism: evaluation with MR arthrogra-
phy. Radiology. 1995;196(1):27-32. https://doi.
org/10.1148/radiology.196.1.7784579.

Nakata W, Katou S, Fujita A, Nakata M, Lefor
AT, Sugimoto H. Biceps pulley: normal anat-
omy and associated lesions at MR arthrography.
Radiographics. 2011;31(3):791-810. https://doi.
org/10.1148/rg.313105507.

Familiari F, Gonzalez-Zapata A, Ianno B, Galasso
O, Gasparini G, McFarland E. Is acromioplasty
necessary in the setting of full-thickness rota-
tor cuff tears? A systematic review. J Orthopaed
Traumatol. 2015;16:1-8. https://doi.org/10.1007/
$10195-015-0353-z.

Ensor KL, Kwon YW, Dibeneditto MR, Zuckerman
JD, Rokito AS. The rising incidence of rotator cuff
repairs. J Shoulder Elb Surg. 2013;22(12):1628-32.
https://doi.org/10.1016/j.jse.2013.01.006.

Chen M, Xu W, Dong Q, Huang Q, Xie Z, Mao
Y. Outcomes of single-row versus double-row
arthroscopic rotator cuff repair: a systematic review
and meta-analysis of current evidence. Arthroscopy.
2013;29(8):1437-49. https://doi.org/10.1016/j.
arthro.2013.03.076.

McElvany MD, McGoldrick E, Gee AO,
Neradilek MB, Matsen FA 3rd. Rotator cuff
repair: published evidence on factors associated
with repair integrity and clinical outcome. Am
J Sports Med. 2015:43(2):491-500. https://doi.
org/10.1177/0363546514529644.

Millett PJ, Warth RJ, Dornan GJ, Lee JT, Spiegl
UJ. Clinical and structural outcomes after
arthroscopic single-row versus double-row rotator
cuff repair: a systematic review and meta-analysis
of level I randomized clinical trials. J Shoulder Elb
Surg. 2014;23(4):586-97. https://doi.org/10.1016/j.
jse.2013.10.006.

Ide J, Maeda S, Takagi K. Arthroscopic transten-
don repair of partial-thickness articular-side tears
of the rotator cuff: anatomical and clinical study.
Am J Sports Med. 2005;33(11):1672-9. https://doi.
org/10.1177/0363546505277141.

Lo IK, Burkhart SS. Transtendon arthroscopic
repair of partial-thickness, articular surface tears of
the rotator cuff. Arthroscopy. 2004;20(2):214-20.
https://doi.org/10.1016/j.arthro.2003.11.042.
Iyengar JJ, Porat S, Burnett KR, Marrero-Perez
L, Hernandez VH, Nottage WM. Magnetic reso-
nance imaging tendon integrity assessment after
arthroscopic partial-thickness rotator cuff repair.
Arthroscopy. 2011;27(3):306—13. https://doi.
org/10.1016/j.arthro.2010.08.017.


https://doi.org/10.1016/j.clinimag.2007.05.005
https://doi.org/10.1016/j.clinimag.2007.05.005
https://doi.org/10.1007/s00256-007-0278-6
https://doi.org/10.1007/s00256-011-1134-2
https://doi.org/10.1007/s00256-011-1134-2
https://doi.org/10.2214/AJR.07.3962
https://doi.org/10.2214/AJR.07.3962
https://doi.org/10.1016/j.crad.2008.08.013
https://doi.org/10.1016/j.crad.2008.08.013
https://doi.org/10.1067/mse.2000.109322
https://doi.org/10.1016/j.jse.2003.09.013
https://doi.org/10.1016/j.jse.2003.09.013
https://doi.org/10.1007/s00167-010-1232-z
https://doi.org/10.1007/s00167-010-1232-z
https://doi.org/10.1055/s-2006-954403
https://doi.org/10.1055/s-2006-954403
https://doi.org/10.1016/S1058-2746(00)90008-9
https://doi.org/10.1016/S1058-2746(00)90008-9
https://doi.org/10.1016/j.jse.2005.04.007
https://doi.org/10.1016/j.jse.2005.04.007
https://doi.org/10.1016/j.jse.2007.04.011
https://doi.org/10.1016/j.jse.2007.04.011
https://doi.org/10.1007/s11547-012-0838-2
https://doi.org/10.1007/s11547-012-0838-2
https://doi.org/10.1148/radiology.196.1.7784579
https://doi.org/10.1148/radiology.196.1.7784579
https://doi.org/10.1148/rg.313105507
https://doi.org/10.1148/rg.313105507
https://doi.org/10.1007/s10195-015-0353-z
https://doi.org/10.1007/s10195-015-0353-z
https://doi.org/10.1016/j.jse.2013.01.006
https://doi.org/10.1016/j.arthro.2013.03.076
https://doi.org/10.1016/j.arthro.2013.03.076
https://doi.org/10.1177/0363546514529644
https://doi.org/10.1177/0363546514529644
https://doi.org/10.1016/j.jse.2013.10.006
https://doi.org/10.1016/j.jse.2013.10.006
https://doi.org/10.1177/0363546505277141
https://doi.org/10.1177/0363546505277141
https://doi.org/10.1016/j.arthro.2003.11.042
https://doi.org/10.1016/j.arthro.2010.08.017
https://doi.org/10.1016/j.arthro.2010.08.017

5

Imaging Diagnosis of Rotator Cuff Pathology and Impingement Syndromes

125

301

302.

303.

304.

30s.

306.

307.

308.

309.

310.

311.

312.

313.

. Sun L, Zhang Q, Ge H, Sun Y, Cheng B. Which is
the best repair of articular-sided rotator cuff tears:
a meta-analysis. J Orthop Surg Res. 2015;10(1):84.
https://doi.org/10.1186/s13018-015-0224-6.

Wolf EM, Pennington WT, Agrawal V. Arthroscopic
side-to-side rotator cuff repair. Arthroscopy.
2005;21(7):881-7. https://doi.org/10.1016/j.
arthro.2005.03.014.

Burkhart SS. The principle of margin convergence in
rotator cuff repair as a means of strain reduction at the
tear margin. Ann Biomed Eng. 2004;32(1):166-70.
Suchenski M, McCarthy MB, Chowaniec D,
Hansen D, McKinnon W, Apostolakos J, Arciero R,
Mazzocca AD. Material properties and composition
of soft-tissue fixation. Arthroscopy. 2010;26(6):821—
31. https://doi.org/10.1016/j.arthro.2009.12.026.
Apreleva M, Ozbaydar M, Fitzgibbons PG, Warner
JJ. Rotator cuff tears: the effect of the reconstruc-
tion method on three-dimensional repair site area.
Arthroscopy. 2002;18(5):519-26.  https://doi.
org/10.1053/jars.2002.32930.

Park MC, ElAttrache NS, Tibone JE, Ahmad CS, Jun
BJ, Lee TQ. Part I: footprint contact characteristics
for a transosseous-equivalent rotator cuff repair tech-
nique compared with a double-row repair technique.
J Shoulder Elb Surg. 2007;16(4):461-8. https://doi.
org/10.1016/j.jse.2006.09.010.

Denard PJ, Burkhart SS. The evolution of suture
anchors in arthroscopic rotator cuff repair.
Arthroscopy.  2013;29(9):1589-95.  https://doi.

org/10.1016/j.arthro.2013.05.011.

Park MC, Elattrache NS, Ahmad CS, Tibone JE.
“Transosseous-equivalent” rotator cuff repair tech-
nique. Arthroscopy. 2006;22(12):1360 el361-5.
https://doi.org/10.1016/j.arthro.2006.07.017.

Voos JE, Barnthouse CD, Scott AR. Arthroscopic
rotator cuff repair: techniques in 2012. Clin Sports
Med. 2012;31(4):633-44. https://doi.org/10.1016/j.
csm.2012.07.002.

Garofalo R, Castagna A, Borroni M, Krishnan
SG. Arthroscopic transosseous (anchorless) rotator
cuff repair. Knee Surg Sports Traumatol Arthrosc.
2012;20(6):1031-5. https://doi.org/10.1007/
s00167-011-1725-4.

Salata MJ, Sherman SL, Lin EC, Sershon RA, Gupta
A, Shewman E, Wang VM, Cole BJ, Romeo AA,
Verma NN. Biomechanical evaluation of transos-
seous rotator cuff repair: do anchors really matter?
Am J Sports Med. 2013;41(2):283-90. https://doi.
org/10.1177/0363546512469092.

Prickett WD, Teefey SA, Galatz LM, Calfee RP,
Middleton WD, Yamaguchi K. Accuracy of ultra-
sound imaging of the rotator cuff in shoulders that
are painful postoperatively. J Bone Joint Surg Am.
2003;85-A(6):1084-9.

Lee KW, Yang DS, Chun TJ, Bae KW, Choy WS,
Park HJ. A comparison of conventional ultrasonog-
raphy and arthrosonography in the assessment of
cuff integrity after rotator cuff repair. Clin Orthop
Surg. 2014;6(3):336—42. https://doi.org/10.4055/
¢i0s.2014.6.3.336.

314.

315.

316.

317.

318.

319.

320.

321.

322.

323.

324.

Duc SR, Mengiardi B, Pfirrmann CW, Jost B,
Hodler J, Zanetti M. Diagnostic performance of
MR arthrography after rotator cuff repair. AJR Am
J Roentgenol. 2006;186(1):237-41. https://doi.
org/10.2214/AJR.04.1818.

Kim S-J, Kim S-H, Lim S-H, Chun Y-M. Use of mag-
netic resonance arthrography to compare clinical fea-
tures and structural integrity after arthroscopic repair
of bursal versus articular side partial-thickness rota-
tor cuff tears. Am J Sports Med. 2013;41(9):2041-7.
Tudisco C, Bisicchia S, Savarese E, Fiori R,
Bartolucci DA, Masala S, Simonetti G. Single-row
vs. double-row arthroscopic rotator cuff repair:
clinical and 3 Tesla MR arthrography results. BMC
Musculoskelet Disord. 2013;14:43.  https://doi.
org/10.1186/1471-2474-14-43.

Crim J, Burks R, Manaster BJ, Hanrahan C, Hung
M, Greis P. Temporal evolution of MRI findings
after arthroscopic rotator cuff repair. AJR Am
J Roentgenol. 2010;195(6):1361-6. https://doi.
org/10.2214/AJR.10.4436.

Spielmann AL, Forster BB, Kokan P, Hawkins RH,
Janzen DL. Shoulder after rotator cuff repair: MR
imaging findings in asymptomatic individuals--initial
experience. Radiology. 1999;213(3):705-8. https://
doi.org/10.1148/radiology.213.3.r99dc09705.

Owen RS, Iannotti JP, Kneeland JB, Dalinka
MK, Deren JA, Oleaga L. Shoulder after surgery:
MR imaging with surgical validation. Radiology.
1993;186(2):443-7. https://doi.org/10.1148/
radiology.186.2.8421748.

Koh KH, Kang KC, Lim TK, Shon MS, Yoo
JC. Prospective randomized clinical trial of single-
versus double-row suture anchor repair in 2- to 4-cm
rotator cuff tears: clinical and magnetic resonance
imaging results. Arthroscopy. 2011;27(4):453-62.
https://doi.org/10.1016/j.arthro.2010.11.059.
Franceschi F, Ruzzini L, Longo UG, Martina
FM, Zobel BB, Maffulli N, Denaro V. Equivalent
clinical results of arthroscopic single-row and
double-row suture anchor repair for rotator
cuff tears: a randomized controlled trial. Am J
Sports  Med. 2007;35(8):1254-60.  https://doi.
org/10.1177/0363546507302218.

Cho NS, Yi JW, Lee BG, Rhee YG. Retear pat-
terns after arthroscopic rotator cuff repair:
single-row versus suture bridge technique. Am
J Sports Med. 2010;38(4):664-71. https://doi.
org/10.1177/0363546509350081.

Hayashida K, Tanaka M, Koizumi K, Kakiuchi
M. Characteristic retear patterns assessed by
magnetic resonance imaging after arthroscopic
double-row rotator cuff repair. Arthroscopy.
2012;28(4):458-64. https://doi.org/10.1016/j.
arthro.2011.09.006.

Saccomanno MF, Cazzato G, Fodale M, Sircana
G, Milano G. Magnetic resonance imaging cri-
teria for the assessment of the rotator cuff after
repair: a systematic review. Knee Surg Sports
Traumatol Arthrosc. 2015;23(2):423-42. https://doi.
org/10.1007/s00167-014-3486-3.


https://doi.org/10.1186/s13018-015-0224-6
https://doi.org/10.1016/j.arthro.2005.03.014
https://doi.org/10.1016/j.arthro.2005.03.014
https://doi.org/10.1016/j.arthro.2009.12.026
https://doi.org/10.1053/jars.2002.32930
https://doi.org/10.1053/jars.2002.32930
https://doi.org/10.1016/j.jse.2006.09.010
https://doi.org/10.1016/j.jse.2006.09.010
https://doi.org/10.1016/j.arthro.2013.05.011
https://doi.org/10.1016/j.arthro.2013.05.011
https://doi.org/10.1016/j.arthro.2006.07.017
https://doi.org/10.1016/j.csm.2012.07.002
https://doi.org/10.1016/j.csm.2012.07.002
https://doi.org/10.1007/s00167-011-1725-4
https://doi.org/10.1007/s00167-011-1725-4
https://doi.org/10.1177/0363546512469092
https://doi.org/10.1177/0363546512469092
https://doi.org/10.4055/cios.2014.6.3.336
https://doi.org/10.4055/cios.2014.6.3.336
https://doi.org/10.2214/AJR.04.1818
https://doi.org/10.2214/AJR.04.1818
https://doi.org/10.1186/1471-2474-14-43
https://doi.org/10.1186/1471-2474-14-43
https://doi.org/10.2214/AJR.10.4436
https://doi.org/10.2214/AJR.10.4436
https://doi.org/10.1148/radiology.213.3.r99dc09705
https://doi.org/10.1148/radiology.213.3.r99dc09705
https://doi.org/10.1148/radiology.186.2.8421748
https://doi.org/10.1148/radiology.186.2.8421748
https://doi.org/10.1016/j.arthro.2010.11.059
https://doi.org/10.1177/0363546507302218
https://doi.org/10.1177/0363546507302218
https://doi.org/10.1177/0363546509350081
https://doi.org/10.1177/0363546509350081
https://doi.org/10.1016/j.arthro.2011.09.006
https://doi.org/10.1016/j.arthro.2011.09.006
https://doi.org/10.1007/s00167-014-3486-3
https://doi.org/10.1007/s00167-014-3486-3

	5: Imaging Diagnosis of Rotator Cuff Pathology and Impingement Syndromes
	5.1	 Introduction
	5.2	 Imaging Anatomy
	5.2.1	 Supraspinatus
	5.2.2	 Infraspinatus
	5.2.3	 Teres Minor
	5.2.4	 Subscapularis
	5.2.5	 Biceps Pulley

	5.3	 Pathologic Conditions
	5.3.1	 Rotator Cuff Disease and Subacromial Impingement
	5.3.1.1	 Rotator Cuff Disease: Definition and Characterization
	5.3.1.2	 External Subacromial Impingement Syndrome: Definition and Associations
	5.3.1.3	 Radiographic and CT Findings
	5.3.1.4	 Ultrasound Findings
	5.3.1.5	 MR Findings

	5.3.2	 External Subcoracoid Impingement
	5.3.2.1	 Definition
	5.3.2.2	 Radiographic and CT Findings
	5.3.2.3	 Ultrasound Findings
	5.3.2.4	 MR Findings

	5.3.3	 Internal Posterosuperior Impingement
	5.3.3.1	 Definition
	5.3.3.2	 Radiographic and CT Findings
	5.3.3.3	 Ultrasound Findings
	5.3.3.4	 MR Findings

	5.3.4	 Internal Anterosuperior Impingement
	5.3.4.1	 Definition
	5.3.4.2	 Imaging Findings


	5.4	 Postoperative Imaging
	5.4.1	 Techniques
	5.4.2	 Imaging

	5.5	 Conclusion
	References




