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Abstract

Rotator cuff (RTC) disease is a particularly
prevalent cause of shoulder pain and weakness
presenting to primary care physicians,
internists, rheumatologists, and orthopedists.
An understanding of the anatomy of the RTC
tendons and the underlying pathogenesis aids
in the diagnosis, which is based largely on his-
tory and specific physical examination tests.
Imaging may further define the pathology and
aid in the evaluation of other sources of shoul-
der pain. Injuries to the RTC range from ten-
donitis to partial thickness tears to full thick-
ness tears. The majority of patients with
impingement and some cases of partial thick-
ness tears may be managed effectively with
non-operative measures including non-
steroidal anti-inflammatory drugs, local injec-
tions, and physical therapy. Predictors of a
good outcome with non-operative treatment
include pre-injury strength, ability to raise the
arm to the level of the shoulder, and a more
acute presentation. Persistent symptoms may
require operative intervention including
debridement, subacromial decompression,
and/or RTC repair. Acute full thickness tears in
younger patients in addition to failed non-
operative management of full thickness tears
in older patients are the most likely to require
surgery, which may be done open or arthro-
scopically. The majority of tears are amenable
to the less invasive arthroscopic method,
which yields good success rates and high
patient satisfaction.

Introduction

Shoulder pathology remains a common eti-
ology of pain and disability presenting to pri-
mary care physicians, internists, rheumatolo-
gists, and orthopedic surgeons. Secondary to
the complex nature of the shoulder joint, the
differential diagnosis of shoulder pain is broad
and may entail a number of causes from infec-
tion, osteoarthritis, rheumatologic disease,
fracture, neuropathy, or soft tissue injury
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including that to the labrum and musculo-
tendinous units supporting the joint. Rotator
cuff disease in particular is a common cause of
shoulder pain and weakness and comprises a
significant proportion of the musculoskeletal
complaints presenting to primary care doc-
tors." Injury to the tendons of the RTC may be
seen in a wide spectrum of ages, from the
younger athlete with an acute injury to the
older patient with degeneration of the cuff."
These injuries may be full thickness or partial
thickness tears of one or more of the RTC ten-
dons,’ and although some can be managed
non-operatively, others may potentially benefit
from surgical management.* This review will
highlight the diagnosis and management of
RTC disease.

Epidemiology

Overall, shoulder pain accounts for approxi-
mately three million visits to physicians each
year in the United States, and of these RTC
disease is the most common cause of shoulder
pain necessitating a visit to a primary care
physician’ It is estimated that 21-27% of all
elderly patients suffer from some form of
shoulder pain.! As early as 1934, Codman noted
a 32% prevalence of supraspinatus rupture in
the general population.® More recent data from
cadaveric studies demonstrated a 7% preva-
lence of full thickness and 13% partial thick-
ness RTC tears,’ while the incidence is known
to increase with older age.” Imaging studies
have also been performed, including a magnet-
ic resonance imaging (MRI) study of 96
asymptomatic patients aged 19-39 years
revealing no full thickness tears and a 4%
prevalence of partial thickness RTC tears.® In
patients over the age of 60 years, there was a
28% prevalence of full thickness and 26% par-
tial thickness tears.® Another ultrasound study
revealed a 5-11% incidence of RTC tears in
asymptomatic patients aged 40-60 years, but
up to 80% prevalence in patients over the age
of 80 years.’ A recent study of 1366 patients in
Japan by Yamamoto et al demonstrated a
20.7% prevalence of RTC tears with risk factors
including age, dominant arm, and a history of
trauma."” RTC pathology is asymptomatic in a
number of patients; however, there are a rea-
sonable number of people at risk for develop-
ing debilitating pain.

Anatomy

The RTC consists of four muscles and the
interdigitation of their tendinous insertions
onto the humerus (Figure 1).

The supraspinatus, infraspinatus, sub-
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scapularis, and teres minor muscles all ori-
ginate from the scapula and insert on the prox-
imal humerus. The supraspinatus and infra-
spinatus muscles are supplied by the supra-
scapular nerve (C5, 6) of the upper trunk of the
brachial plexus and insert on the greater
tuberosity of the humerus. The main function
of the supraspinatus is abduction, while that of
the infraspinatus is external rotation of the
arm. The teres minor muscle is supplied by the
axillary nerve (C5), inserts on the greater
tuberosity of the humerus, and also provides
external rotation of the arm. The subscapularis
muscle is supplied by the upper and lower sub-
scapular nerves (C5-7) and provides internal
rotation through its attachment to the lesser
tuberosity of the humerus.

The RTC muscles provide both motion of the
glenohumeral joint and serve as dynamic sta-
bilizers to maintain the normal relationship of
the glenoid and the humeral head. The shoul-
der has an extremely large range of motion
(ROM) with a subsequent risk of instability
secondary to a shallow glenoid and a large
humeral head. In the absence of the RTC and
loss of dynamic stabilization, the deltoid will
elevate the humeral head rather than abduct

[page 1]



the arm. The shoulder joint is also maintained
by a number of static stabilizers including the
labrum, ligamentous restraints, intra-articular
negative pressure, and capsular thickenings
(inferior, middle, and superior glenohumeral
ligaments).

The bony structure of the shoulder connects
the appendicular skeleton to the axial skel-
eton. The scapula serves as the origin or
attachment of 17 muscles, and the glenoid por-
tion articulates with the humerus to form the
true shoulder joint. The coracoid process
extends medially and serves as the attachment
for a number of muscles and ligaments. The
acromion process of the scapula overhangs the
humeral head and certain anatomic variants
and activities may predispose patients to
impingement of the RTC under the
acromion.'*

Pathogenesis

The pathogenesis of RTC tears has long
been debated and revolves around both intrin-
sic and extrinsic factors. Initial descriptions by
Codman proposed that damage to the RTC was
intrinsic from degenerative changes.® Later
Neer proposed an extrinsic mechanism
through impingement of the RTC against the
acromion in the subacromial space.” More
recently, both internal impingement and sec-
ondary impingement have been described.”
The exact mechanism of injury is still not
clearly defined, and it appears that there are
likely both intrinsic and extrinsic factors that
contribute to injury.! RTC injury may occur on
the bursal side or articular side of the tendon.
It appears that degenerative tendinopathy of
the supraspinatus muscle is typically articular-
sided and found in older patients whereas bur-
sal-sided tears may be more commonly seen in
younger, overhead athletes. Additional work
has suggested that articular-sided tears of the
infraspinatus muscle may also be seen
through a mechanism of internal impinge-
ment in overhead athletes."

It is likely that a combination of these
processes, including impingement in a degen-
erative tendon, leads to tearing and chronic
symptoms of pain. Intrinsic degeneration of
the RTC tendons is thought to be secondary to
both repetitive microtrauma and hypoperfu-
sion of a critical area of the tendon.” The
process of impingement is hypothesized to
lead to partial and then to full thickness tears
of the RTC, typically in a tendon with pre-exist-
ing degeneration. The most common form of
impingement is external, caused by compres-
sion of the supraspinatus tendon under the
coracoacromial arch secondary to a narrowed
humeroacromial space.”” The process leads to
inflammation of the subacromial bursa with
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Figure 1. Anatomy of the RTC tendons — right shoulder.
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Figure 2. Anterior-posterior radiographs of the shoulder in internal and external rotation
demonstrating calcific tendonitis of the supraspinatus tendon (arrow).

resultant pain, dysfunction of the RTC with
superior migration, and a further decrease in
space available for the RTC. Inflammatory
mediators are released, further contributing to
the pain from impingement. Studies have
demonstrated increased levels of IL-1B and IL-
1 receptor antagonists in addition to substance
P in the subacromial bursa of patients with a
RTC tear.™" Internal impingement is caused
by repetitive motion of the infraspinatus ten-
don over the posterosuperior aspect of the glen-
oid," while secondary impingement (non-out-
let impingement) may be caused by gleno-
humeral instability or by adhesive capsulitis,
both of which alter glenohumeral kinematics
and can produce symptoms of impingement.

Classification

RTC tears are typically classified as full
thickness tears or partial thickness tears,
depending on the extent of the tendon
involved. The supraspinatus is the most com-
monly involved tendon.® Partial thickness tears
are further stratified by both location and size.
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The majority of these tears occur on the
articular side of the supraspinatus® although
there may also be bursal-sided tears and inter-
stitial tears. In addition, partial thickness RTC
tears can be graded by the depth of tearing, as
grade [: <3 mm, grade II: 3-6 mm, and grade III:
>6 mm deep (Table 1). When less than 50% of
the thickness of the tendon is involved and
there is no retraction, surgical repair is often
unnecessary and debridement alone may suf-
fice.® While most partial thickness tears
involve the supraspinatus tendon, in younger
patients involved in overhead sports, tears may
occur at the supraspinatus/infraspinatus inter-
val owing to the repetitive motion causing
internal impingement." Calcific tendonitis,
although not a true tear but more of a dissec-
tion of the tendon by calcium hydroxyapatite
deposition, may present with symptoms such
as pain that mimic a tear and thus may be con-
fused with a partial tear. It often causes severe
pain and can be differentiated by the presence
of calcifications within the RTC tendons on
radiographs (Figure 2).

A full thickness RTC tear refers to one that
involves a complete separation of the tendon
from the proximal humeral attachment site
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Figure 3. Magnetic resonance image demonstrating fatty degeneration of the supraspina-
tus muscle: A, T2 spin echo, sagittal plane, showing fatty degeneration of the supraspina-
tus tendon (*) and scapula (arrow). B, T2 spin echo showing fatty degeneration in coro-
nal plane; white line demonstrating the plane of the sagittal image, glenoid (G), humeral

head (HH), and acromion (Acr).

with resultant communication between the
glenohumeral joint and the subacromial space.
They are classified as acute or chronic and also
by size. The size classification is based on the
largest dimension of the tear with <1 ¢cm =
small, 1-3 cm = medium, 3-5 cm = large, and
>5 cm = massive, or by the number of tendons
involved (one, two, or three tendon tears)
(Table 2).** Tears that are longstanding or
chronic in nature may result in atrophy and
fatty degeneration of the muscle (Table 3,
Figure 3).2

Presentation

The patient with a tear of the RTC may pres-
ent to their primary care physician, rheumatol-
ogist, or orthopedist with a wide range of com-
plaints, although the history typically involves
pain in the shoulder with overhead activities
and pain at night. The patient may report stiff-
ness in the shoulder or weakness in abduction,
forward flexion, and/or external rotation of the
arm. Any history of trauma is important to elic-
it, and it is essential to differentiate patients
with impingement type symptoms (pain with
overhead activities) from those with symptoms
of a full RTC tear (weakness, inability to raise
the arm).”* Age should be a consideration
along with baseline and desired activity levels.
An acute traumatic event in a younger patient
or an acute-on-chronic event in an older
patient with a sudden increase in pain or
weakness may signify a full thickness tear,
whereas a more insidious onset with progres-
sive pain and no or mild weakness is more
likely to represent a partial thickness tear. Full
thickness tears can also be atraumatic and
degenerative in nature. In these cases, if left
untreated, there can be subsequent atrophy
and fatty infiltration of the RTC musculature
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over time. Patients with a full thickness injury
may report more weakness in forward flexion
and abduction of the arm and difficulties with
activities of daily living requiring these
motions. Partial thickness tears may cause
stiffness and pain owing to the increased ten-
sion on the remaining RTC fibers.” Studies
have shown that partial tears with subacromi-
al bursitis may have more pain and increased
nocturnal pain.*’

Physical examination

The examination of a patient with shoulder
pain should consist of a full examination of the
cervical spine to exclude referred pain from
cervical spondylosis, radiculopathy, or steno-
sis. This should include ROM in neck flexion,
extension, lateral bending, and rotation, palpa-
tion for any tenderness, Sperling’s maneuver
(a dynamic test for cervical radiculopathy),
and a thorough neurologic examination. This
should be followed by a visual inspection of
both shoulders to assess for asymmetry and
loss of muscle bulk, scapular winging, or atro-
phy. In particular, the supraspinatus and infra-
spinatus muscles should be assessed for asym-
metry. The sternoclavicular (SC) joint, clavicle,
acromioclavicular (AC) joint, greater tuberosi-
ty of the humerus, anterior shoulder, and pos-
terior shoulder should then be palpated for ten-
derness or abnormality. AC joint pathology and
biceps tendonitis (manifested as pain on pal-
pation of the anterior shoulder) are common
causes of shoulder pain that frequently occur
in the same setting as RTC disease.

Next, shoulder ROM and strength should be
noted. Always start the examination with the
non-painful shoulder to gain a baseline for
strength and ROM. The examination should
include both active and passive ROM in for-
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Table 1. Classification of partial thickness
RTC tears.

A Articular surface
B Bursal surface

C Interstitial
Grade Depth

I <3 mm

Il 3-6 mm

111 >6 mm

Table 2. Classifications of full thickness
RTC tears.

A Supraspinatus

B Infraspinatus

Q Teres minor

D Subscapularis

Grade Largest dimension of tear
[ small <2 cm

[ medium 2-4 cm

11l large >5cm

\% Cuff arthropathy

Grade Largest dimension of tear
[ small <lcem

I medium 1-3cm

111 large 3-5cm

IV massive >5cm

Table 3. Goutallier (A) and Fuchs (B) clas-
sification of fatty degeneration of the RTC
muscles.

Grade 0 No fatty streaks
Grade 1 Some fatty streaks
Grade 2 More muscle than fat
Grade 3 As much muscle as fat
Grade 4 Less muscle than fat

No or some fatty streaks Normal muscle

More muscle than fat ~ Moderate degeneration

As much muscle as fat
or less muscle than fat

Advanced degeneration
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ward flexion (FF) and abduction (ABD), in
addition to external (ER) and internal rotation
(IR) at 0 and 90 degrees of abduction. Passive
ROM in most cuff tears is typically preserved
but may elicit pain. Active ROM may be
decreased to varying degrees in full or partial
thickness tears depending on which tendon is
injured.

Strength and functional testing should
include FF, ABD, ER, IR, and elbow flexion/fore-
arm supination against resistance by the
examiner. The deltoid muscle serves as the
principal abductor while the biceps serves to
supinate the forearm and flex the elbow.
Deltoid detachment or rupture is rare and usu-
ally post-surgical in cause, but it is easily iden-
tified on examination. The rotator cuff can be
divided into three functional groups for
strength testing: internal rotation (subscapu-
laris), external rotation (infraspinatus and
teres minor), and forward flexion (supraspina-
tus). Specific functional tests include the
empty can test, full can test, and drop arm test
for the supraspinatus, the hornblower’s sign to
evaluate the infraspinatus and teres minor,
and the belly press and lift off test to evaluate
the subscapularis (Figure 4).%*

If it is difficult to tell whether a patient has
true weakness or decreased function second-
ary to pain, a diagnostic subacromial injection
of local anesthetic (impingement test) may
eliminate pain and allow for improved func-
tional testing (Figure 5). Provocative testing is
also used for impingement, shoulder instabili-
ty, AC joint pathology, and biceps tendonitis.
Specific impingement signs as described by
Neer" and Hawkins and Kennedy” include pas-
sive forward flexion of the arm, abduction of
the arm to 90 degrees, and internal rotation,
respectively. These tests have been shown to
be sensitive but lack specificity, as have most
tests reported for impingement.** Shoulder
instability is tested by the apprehension and
relocation tests. Pain originating at the AC
joint is elicited by the crossed arm adduction
test by bringing the forward flexed arm across
the body. Inflammation of the biceps tendon is
tested by direct palpation and by Speed’s and
Yergason’s tests, including resisted flexion of
the elbow and resisted supination of the fore-
arm with the elbow at 90 degrees, respectively
(Table 4).

Differential diagnosis

The differential diagnosis for shoulder pain
is based on the history, acute or chronic nature
of the pain, and physical examination. For a
patient presenting with acute pain and a dis-
crete event, one should consider a fracture of
the clavicle or proximal humerus, an AC joint
dislocation or sprain, or a shoulder dislocation
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Figure 4. Lag tests in diagnosis of RTC tears. A, drop arm sign, pathologic for supraspina-
tus insufficiency if the patient cannot hold the passively elevated arm in place or if the arm
cannot be lowered slowly without dropping. B, hornblower’s sign, pathologic for teres
minor insufficiency if external rotation weakness or lag occurs at 90° abduction in the
scapular plane or if the patient’s elbow rises above hand level, when the hand is raised to
the mouth. C, external rotation lag, pathologic for infraspinatus insufficiency if the pas-
sively external rotated arm cannot be held in position as shown. D, lift off test, patholog-
ic for subscapularis insufficiency if the passively maximally internally rotated arm cannot
be held elevated from the back. If elevation is possible, hand-back distance can be meas-

ured and compared to the other side.

Figure 5. Demonstration of a subacromial injection. The injection is made 1 cm inferior
and 1 cm medial from the posterolateral tip of the acromion. To inject into the subacro-
mial space, the syringe should be aimed at the anterior tip of the acromion.

in addition to a RTC tear. For more chronic
complaints, the differential diagnosis includes
calcific tendonitis, biceps tendonitis, adhesive
capsulitis, or osteoarthritis. These can occur in
conjunction with a RTC tear. Less common
chronic etiologies include infection (septic
arthritis or bursitis), rheumatoid arthritis,
gout, or a tumor of the shoulder. Shoulder pain
may also be referred from other areas such as
the cervical spine or viscera including the
heart, lungs, diaphragm, or spleen. In the
appropriate clinical settings, these areas
should be carefully evaluated as well.*

Imaging

The initial radiographic evaluation of shoul-
der pain should begin with plain radiographs,
including an anterior-posterior view (AP), axil-
lary view, and an outlet view. The AP may show
degenerative changes, calcific tendonitis, or
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superior migration of the humeral head.
Narrowing of the acromio-humeral interval
(superior migration) is frequently seen in
large RTC tears, with at least two tendons torn
(Figures 6 and 7).

In advanced RTC disease, secondary
arthropathy (RTC arthropathy) may occur with
arthritic changes such as glenohumeral joint
space narrowing, subchondral sclerosis, osteo-
phytes, and subchondral cysts noted.”

An axillary view rules out a shoulder disloca-
tion and may also demonstrate degenerative
changes with loss of joint space, consistent
with osteoarthritis. The outlet view can show
acromial spurring, which causes narrowing of
the subacromial space and has been correlated
with full thickness RTC tears (Figure 8).%*

In cases where the etiology of pain is
unclear from the plain films or when a RTC is
suspected on physical examination, further
imaging may be pursued. Arthrography and
bursography were previously used to supple-
ment plain radiographs, but have largely been
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Table 4. Physical examination of the shoulder.

Cervical spine

Range of motion (ROM)
flexion
extension
lateral bending
rotation
Palpation for tenderness
Sperling’s maneuver
(dynamic test for cervical
radiculopathy)
Full neurologic examination

Cervical spondylosis
Cervical stenosis

Cervical radiculopathy

Shoulder Visual inspection Asymmetry (supraspinatus
of both shoulders and infraspinatus)
Loss of muscle bulk
Scapular winging
Atrophy
Neighboring structures
Sternoclavicular (SC) joint Palpation Tenderness
Clavicle Abnormalities
Acromioclavicular (AC) joint AC-joint pathology
Greater tuberosity Biceps tendonitis
Anterior shoulder
Posterior shoulder
Shoulder always examine non- Active & passive ROM Weakness/loss of function
painful side first Strength testing — RTC tear
forward flexion (FF)
abduction (ABD) supraspinatus

at 90° elbow flexion
external rotation (ER)
internal rotation (IR)
at 0° and 90° ABD
forearm supination
against resistance
Special functional testing
empty can test
full can test
drop arm test
external rotation lag sign
hornblower’s sign
belly press test
lift off test
Impingement tests by
Neer
Hawkins and Kennedy
Shoulder instability
apprehension test
relocation test
AC-pathology
cross-arm adduction test
Biceps tendonitis

infraspinatus or teres minor
subscapularis

biceps tendonitis

supraspinatus

infraspinatus

teres minor
subscapularis
subacromial impingement
uni- or multidirectional
instability

Degenerative changes

Inflammation of long biceps

palpation of anterior shoulder tendon

Speed’s test
Yergason’s test

replaced by ultrasound (US), MRI, and MR-
arthrography secondary to disparate unsatisfy-
ing data on accuracy’*™ In addition, radiation
to the patient is reduced by the use of US or
MR techniques. Computerized tomography
(CT) and CT-arthrography are most helpful in
evaluating bony defects of the shoulder and
can be used to assess the RTC. However, they
are not the best current test for the visualiza-
tion of soft tissues, and they expose patients to
the highest amount of radiation. Charousset et
al. indicated that CT arthrogaphy had a sensi-
tivity of 64-99% and a specificity of 98-100% for
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detection of tears of the different rotator cuff
tendons.” CT-based imaging is non-optimal for
imaging of soft tissues including the RTC ten-
dons, but may provide an alternative in
patients with a contraindication to an MRI. In
addition, US imaging may be used to evaluate
the rotator cuff (Figure 9).

US has a distinct advantage secondary to
the fact that it allows for dynamic testing,
allowing the arm to be moved actively or pas-
sively during the examination. In addition, it is
inexpensive and readily available at most cen-
ters. The major disadvantage of the technique

[Rheumatology Reports 2010; 2:e1]

Figure 6. Anterior-posterior radiograph of
the shoulder demonstrating superior
migration of the humeral head in a RTC
tear.

Figure 7. Anterior-posterior radiograph of
the shoulder demonstrating RTC arthro-
pathy after failed repair: the humeral head
(HH) superiorly migrated and the joint
space highly decreased (black arrow),
remaining metal suture anchors from a
failed repair (white arrow), as well as the
clavicle (Clav), glenoid (G), and acromion

(Acr) can be identified.

is that it is highly dependent on the skills of
the examiner as stressed by Hedtmann and
Fett" and by Ziegler." Hedtmann and Fett state
that better results regarding sensitivity and
specificity are seen in studies with larger
numbers of examined patients.” US is also
unable to evaluate other sources of shoulder
pain including labral tears, biceps tendon
pathology, and other intra-articular issues.

MRI and MRI-related techniques have
become standard for evaluation of the rotator
cuff in many centers (Figure 10).

Plain MRI, although expensive, provides a
detailed view of the RTC tendons in addition to
other concomitant shoulder pathology includ-
ing labral tears, biceps tendon pathology, and
any other intra-articular sources of shoulder
pain.”* It can be useful in preoperative plan-
ning as it provides a three-dimensional view of
the shoulder and associated injuries. The
drawbacks of the technique include high cost
and the possibility of false positive results.

In comparison, US and MRI have been
shown to have a similar sensitivity, specificity,
and overall accuracy."* A study by Ziegler" on
US showed a specificity of 94.1% and sensitiv-
ity of 96.1% for partial or full thickness RTC
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tears, while a paper by Teefey et al. revealed an
overall accuracy of 87%.* Fotiadou et al
showed an accuracy of 98% for full thickness
tears and 87% for partial thickness tears utiliz-
ing US.® MRI has been shown to have near
100% sensitivity and 95% specificity in full
thickness RTC.” MR-arthrography provides the
benefits of MRI with an enhanced visualiza-
tion of the RTC and intra-articular structures.
A meta-analysis showed that MR-arthrography
was significantly superior to plain MRI and US
in regard to sensitivity and specificity of full
and partial thickness tears.” Stetson et al.*
showed a sensitivity of 91% and a specificity of
85% for detecting articular-sided partial thick-
ness tears, while Waldt ef al.* showed an accur-
acy of 95% for partial and 98% for full thickness
tears. Sensitivity and specificity were 80% and
97% for partial and 96% and 99% for full thick-
ness tears. However, it remains questionable
whether this advantage will still be present if
MR-arthrography were to be compared with
MRI on the newer 3-Tesla scanners.

Treatment

The goal of treatment of rotator cuff pathol-
ogy is to restore functional capacity, treat pain,
and prevent long-term sequelae including
arthrosis. This may include non-operative
treatment (medical and physical therapy) or
surgical intervention. The decision for type of
treatment depends on the patient’s age, pre-
injury functional status, comorbidities, and
type of RTC tear. Factors that delay healing
include the use of nicotine, diabetes mellitus,
and chronic corticosteroid use.” For example,
partial thickness tears and impingement are
typically treated with rest, activity modifica-
tion, and non-steroidal anti-inflammatory
drugs (NSAIDs), followed by a course of phys-
ical therapy. Larger tears may also be treated
non-operatively depending on their chronicity;
however, debilitating acute tears may fare bet-
ter from early operative management.
Otherwise, surgery in RTC is usually reserved
for those who have failed a course of conserva-
tive management.

Non-operative management and
results

Non-operative treatment of RTC consists of
a combination of anti-inflammatory medica-
tions, local corticosteroid injections, and phys-
ical therapy. Medical treatment may be divided
into systemic and local modalities. Systemic
treatment includes acetaminophen in doses of
<4000 mg/day for pain relief, or NSAIDs pre-
scribed on a standing basis to reduce inflam-
mation and pain at the RTC and subacromial
bursa. The Cox-2 inhibitors may be an alterna-
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Figure 8. Outlet view radiographs of the shoulder demonstrating a subacromial bone
spur/type III acromion (arrow) before (A) and after (B) an arthroscopic subacromial

decompression.

Figure 9. A, 7.5 MHz US image of the insertion of a normal supraspinatus tendon (arrow)
attaching to the greater tuberosity (GT) of the humerus — long-axis or longitudinal view;
B, 7.5 MHz US image showing the profile of the supraspinatus (SupraS) — short-axis or
transverse view. Surrounding structures: humeral head (HH), acromion (Acr), coracoid

process (Co), deltoid muscle (Delt).

tive to prevent the gastrointestinal side effects
of traditional NSAIDs; however, there remains
a question of cardiovascular risk. One meta-
analysis showed a relative risk of myocardial
infarction of 1.9 (95% confidence interval 1.3
to 2.6) in patients treated with COX-2
inhibitors, compared with placebo.” The AHA
consensus statement is that COX-2 inhibitors
be analgesics of last resort in patients with
cardiovascular risk factors.”

Local modalities include injections of cor-
ticosteroid and local anesthetic into the sub-
acromial bursa. This is typically reserved for
patients with continued pain after therapy and
may be given every 3-6 months for a total of
three injections. A study has shown that injec-
tions given too frequently or directly into the
tendon may precipitate tendon rupture.”

Physical therapy consists of a progression of
exercises directed first at pain control, then
initiating ROM, finally strengthening. ROM
will prevent stiffness of the shoulder and sub-
sequent strengthening will restore function
and stabilize the shoulder. Therapists may also
utilize other modalities such as US or laser
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Figure 10. T2 magnetic resonance image,
coronal plane, demonstrating a tear of the
supraspinatus tendon (arrow).

therapy for pain control, although these are not
of scientifically proven benefit.

The results of non-operative treatment and
natural history of RTC tears continues to be
debated. A study by Bokor et al. showed 74%
pain relief with non-operative treatment of
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Table 5. Comparison of further specific imaging techniques.

US Good visualization of RTC tendons Unable to evaluate deep structures of shoulder Bilateral examination / $450-$500
Dynamic testing possible (e.g. labrum) (US-Unit/ $9,000-$20,000)
Low costs Highly dependent on examiner skills (Ziegler™)
Availability
MRI Good visualization of RTC tendons High costs Unilateral examination / $1,200-$2,600
Good visualization of concomitant Possible false positive results (Highly dependent on facility price)
injuries such as labrial tears Availability
Good operative planning possible
MR-arthrography  Superior to conventional MRl and USin  High costs Unilateral examination / $4,000-§4,500
respect of sensitivity and specificity of Invasiveness (Highly dependent on facility price)
detection of RTC tears Availability
Also see MRI
CT Good evaluation of bony defects High exposure to radiation Unilateral examination / $1,500-$1,700
No good visualization of soft tissue such as RTC (Highly dependent on facility price)
Availability
High Costs
CT-arthrography ~ Good evaluation of bones combined High exposure to radiation Unilateral examination / $2,500-$2,300
with reasonable evaluation of RTC Invasiveness (Highly dependent on facility price)
Availability
High Costs

Costs have been estimated from the current rates at a facility in the United States.

arthroscopically proven full thickness RTC
tears.” Predictors of a good outcome with non-
operative treatment include pre-injury
strength, ability to raise the arm to the level of
the shoulder, and a more acute presenta-
tion.** Negative predictive factors include an
outstanding insurance claim.” Another study
has shown that the natural history of tears is
one of progression, with symptomatic tears
becoming larger and asymptomatic tears
becoming symptomatic.’

Studies regarding the use of traditional
NSAIDs have shown few differences among the
various varieties, with the major side effect
being gastrointestinal complaints.”™*' In regard
to the Cox-2 inhibitors, a study has noted a sim-
ilar efficacy of Celecoxib to Naproxen for shoul-
der pain.” In doses of 200 mg, Celecoxib has not
been shown to have an increased cardiovascu-
lar risk, but overall the class of Cox-2 inhibitors
has been proven to lead to increased
atherothrombosis.”*® The efficacy of local
injections of corticosteroids is highly dependent
on the accuracy of the injection. Previous
reports have illustrated an accur-acy of 29-70%
with outcomes being much better with an accu-
rate injection.*® To improve the reliability of
injections, US guidance may be of some bene-
fit.” A meta-analysis illustrated that corticos-
teroids are effective in treating rotator cuff ten-
donitis for up to a nine-month period and sug-
gested that injections are more effective than
NSAIDs.® Injections have also been shown to be
successful in the treatment of RTC impinge-
ment.” A paper by Alvarez et al. found no signif-
icant difference between injections of corticos-
teroids plus local anesthetic versus local anes-
thetic alone;” however, most practitioners pre-
fer a steroid-containing injection.
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The results of traditional physical therapy
have been consistently good for treating pain
relief and improving function, but less certain
for maintaining strength. A study by Bang and
Deyle demonstrated improvement in pain from
impingement with physical therapy alone.” A
recent systematic review demonstrated that
exercise has statistically and clinically signifi-
cant effects on improving pain and function
but not ROM and strength.” It also revealed
that supervised exercise was not significantly
better than home exercise.” Adjuvant therapy
such as US, extracorporeal shock wave thera-
py, laser therapy, and iontophoresis have not
shown any significant benefit in the treatment
of RTC tears, although shock wave therapy is
thought to be of benefit in calcific tendonitis.””

A comparison of non-operative modalities
yields mixed results. Some studies have shown
that corticosteroid injections are equivalent to
physical therapy, while others have demon-
strated better results with an injection.””™ A
Cochrane review in 2003 came to the conclu-
sion that injections for RTC had a small bene-
fit over placebo but no benefit over NSAIDs.” A
study of injection plus NSAIDs revealed
improved outcomes as compared to non-treat-
ment in RTC.* Other data show that both injec-
tion and injection plus NSAIDs provide no sig-
nificant benefit when compared to each other,
yet both groups have significantly improved
results over placebo.®*

Operative management

Indications for operative management of
RTC disease are based largely on response to
non-operative modalities and patient goals.
Persistent severe or moderate pain at rest
and/or with function after an initial trial of
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conservative treatment (3-6 months) may be
best served with surgical intervention. Other
indications include acute weakness in younger
patients, because a study demonstrated that
later repair may be more difficult in full thick-
ness tears.” Other authors advocate always
repairing a full thickness RTC tear, regardless
of the age or size of the tear.* Because of the
advent of arthroscopic surgery and less inva-
sive means of treating both RTC disease and
associated pathologies, surgery is now recom-
mended more frequently. In the literature,
however, indications for surgical intervention
are rarely reported, leaving no clear consensus
for when to operate.®

In addition to relieving pain, the goal of
reconstructive surgery should be to restore
normal glenohumeral kinematics and shoul-
der strength. The aim of surgery is to restore
the anatomy by re-attaching the tendon to its
footprint on the proximal humerus.” In addi-
tion to covering the defect produced by a RTC
tear, one hopes to recreate the normal
moments (force couples) about the shoulder
that allow concentric rotation of the humeral
head about the glenoid in all planes.*
Multiple studies have demonstrated the effi-
cacy of non-operative modalities to reduce
pain but failure to restore motion and
strength.™™ This is intuitively obvious as
non-surgical methods are unable to re-estab-
lish normal tendon-to-bone relationships and
do not result in healing.

RTC impingement and partial thickness tear-
ing of less than half the tendon may be treated
operatively with debridement of the RTC, sub-
acromial decompression (SAD), and acromio-
plasty. This is most commonly accomplished
through arthroscopic techniques (Figure 11).
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Surgical technique
Treatment of impingement syndrome and
RTC tears has undergone drastic changes over
the past decade starting with formal open and
mini-open repairs to double-row (DR),
anatomic arthroscopic fixation. Even today,
mini-open (arthroscopically-assisted) RTC
repair, with success rates greater than 80-90%,
remains a benchmark to which all new tech-
niques are compared.”” Focus shifted to all-
arthroscopic repair when numerous surgeons
were able to demonstrate superior results and
faster return to function with arthroscopic ver-
sus open subacromial decompression for
impingement syndrome.”* Results of all-
arthroscopic RTC repair have been shown to be
equivalent to those of mini-open repairs with
the added benefits of superior range of
motion*"" and less risk of injury to the deltoid.
Early arthroscopic techniques utilized a sin-
gle row (SR) of suture anchor fixation, which
did not restore the RTC footprint anatomically.
Despite satisfactory results with arthroscopic
SR repairs, multiple studies have shed light on
the failure of the repaired RTC to heal, with
some series having failure rates as high as
94%."*1% These outcomes, to a certain extent,
mirrored results obtained with non-operative
treatment.”” Specifically, failure to anatomical-
ly restore the tendon to the bone resulted in a
lack of tendon healing. Despite early clinical
improvement, even in those that did not heal,
over time this lack of healing has been associat-
ed with deteriorating functional results and has
been correlated with inferior strength.!™*!!
Emphasis was then placed on restoration of
the RTC footprint using DR fixation methods
(two rows of anchors to fix the tendon onto the
tuberosity). Multiple cadaveric studies have
shown superior biomechanical properties and
improved anatomic restoration with DR tech-
niques compared to SR fixation."*""® Further-
more, some recent DR clinical outcome studies
have shown decreased re-tear rates and
improved strength and functional results in
those patients that have demonstrated tendon
healing.""'"" However, other comparative clini-
cal studies have shown no differences in clini-
cal outcome between SR and DR repair tech-
niques except in massive tears, which favored
DR."*2' The question of the best clinical
method of repair presently remains unan-
swered as it is unclear why the increased bio-
mechanical properties of DR repair may not
lead to improved clinical outcomes.
Arthroscopic RTC repair can be performed
either in the beach chair or lateral decubitus
positions. Standard posterior, posterolateral,
anterolateral, and anterior portals are estab-
lished. Routine diagnostic arthroscopy is per-
formed and any intra-articular glenohumeral
pathology is addressed.” Specifically, the
biceps should be evaluated, as this is a com-
mon cause of concurrent pain in the patient

[page 8]

Figure 11. Intra-operative arthroscopic images: A, full-thickness RTC tear with exposed

glenoid (G), arrows marking

the gap between retracted tendon (T) and humeral head

(HH); B, RTC tear after arthroscopic repair in double-row technique using suture
anchors; C, subacromial bone spurring (white arrow) narrowing the subacromial space
(black arrow) and leading to fraying of the rotator cuff (RTC); D, arthroscopic acromio-
plasty with the acromion (Acr) contoured to a flat margin with an arthroscopic burr (B)

entering laterally.

with rotator cuff pathology. If appropriate,
biceps tenodesis is performed in the younger,
active patient and simple tenotomy performed
in the older, low-demand patient.

Subacromial bursectomy is performed rou-
tinely. This addresses bursitis as a possible
pain generator while at the same time improv-
ing visualization.” Acromioplasty is performed
with release of the coracoacromial ligament in
all but massive, irreparable tears. This is espe-
cially important in patients with a curved or
hooked acromial morphology where an extrin-
sic impingement mechanism likely con-
tributed to the RTC tear.*”

After adequate debridement and mobiliza-
tion of the torn RTC, fixation is achieved to the
tuberosity of the humerus. Either SR or DR
repair techniques may be utilized.” Typically,
specifically designed suture anchors are used
in arthroscopic repair, although there are
methods that allow trans-osseous sutures to be
placed arthroscopically. Regardless of the tech-
nique utilized, it is important to achieve
anatomic restoration of the tendon footprint
with rigid fixation. This will ensure an optimal
environment for healing and allow initiation of
early ROM without fear of compromising the
repair.”**

For patients with massive, irreparable RTC
tears, isolated debridement, subacromial
decompression, and biceps tenotomy may pro-
vide adequate pain relief.”” A partial repair
may help to improve the force couples in those
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with massive tears. When the tear is irrepara-
ble and the individual requires greater
strength or function, tendon transfer and
reverse shoulder arthroplasty remain options.

Results of operative management

Success rates have been reported to be 75-
86% for relief of impingement symptoms."**
Park et al. demonstrated good results with
debridement and acromioplasty alone in par-
tial tears of <50%."® There have been three
randomized surgical trials comparing SAD to
physical therapy. Two found SAD superior to
therapy alone,*" while a third found no sig-
nificant difference in the modalities.”" Repair
of partial thickness tears is undertaken if the
tear extends to involve >50% of the thickness
of the tendon. This may be accomplished
through an arthroscopic or mini-open
approach.” Weber reported that debridement
alone is not sufficient for RTC tears involving
>50% of the tendon. Overall success rates have
been reported in the literature to be 50-89% for
operative repair.”*"*

The management of full thickness RTC tears
depends on the size and characteristics of the
tear. The vast majority are amenable to arthro-
scopic repair (Figure 11), although in certain
cases an open approach may be needed. A 78-
80% success rate with 95-98.6% patient satis-
faction has been reported in the literature for
arthroscopic repair with 95.5% of patients
claiming they would have the repair again.*"*
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Recently, in a study comparing a SR fixation
technique with a DR technique, Park et al.
showed that both groups had significant
improvement regarding American Society of
Shoulder and Elbow Surgeons (ASES) scores
(SR: 43 preoperative to 92 postoperative and
DR: 41 preoperative to 93 postoperative) and
Constant shoulder scores (SR: 42 preoperative
to 77 postoperative and DR: 44 preoperative to
80 postoperative). Overall, SR and DR showed
no significant difference in outcomes.
However, when splitting the groups into small-
and medium-size tears versus large- and mas-
sive-size tears, the DR fixation of large- and
massive-size tears had superior outcomes
regarding the ASES and Constant scores over
the SR group (DR ASES 93 and Constant 80 vs.
SR ASES 90 and Constant 72)."

For massive tears (defined as >5 cm), sur-
gery may involve a wide spectrum of proce-
dures from arthroscopy and debridement to
repair to complicated reconstructions. Good
results (>80% patient satisfaction) have been
reported from simple debridement and
SAD.®"3% Some tears may be deemed irrepar-
able secondary to tendon degeneration, retrac-
tion, and fatty infiltration of the muscle. In
these cases, treatment may simply be debride-
ment or a reconstruction of the RTC may be
undertaken using the subscapularis, teres
major, latissimus dorsi, or pectoralis muscle.
They are all relatively new techniques, but lim-
ited early data reveal satisfactory out-
comes.™ In addition, the use of allografts for
tendon reconstruction has been reported,
although in some series the results were not
favorable."!

Surgical complications and
postoperative course

Complications after RTC surgery include
infection (<1%), failure of repair (6%), neuro-
vascular damage (1%), and stiffness (4%), with
similar rates in open and arthroscopic sur-
gery.™* Postoperative management depends
on the procedures performed, the quality of the
tissues, and the quality of the repair. Most RTC
surgeries are performed as a same day pro-
cedure. Patients treated with debridement and
SAD and those with small RTC repairs are
allowed early motion with physical therapy for
ROM and strengthening. RTC repair for me-
dium-size tears are immobilized for two weeks,
then physical therapy is initiated. Larger tears,
or those with poor quality tissues, may be pro-
tected for six weeks with limited ROM followed
by physical therapy for ROM and strengthening
at 10 weeks. Complete recovery typically takes
4-6 months, although it varies depending on
age, size of tear, tissue quality, comorbidities,
and patient motivation."®
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Summary

Pathology of the RTC tendons is a frequent
cause of shoulder pain and disability and may
be seen in both the young and elderly. Patients
typically present with a specific set of symp-
toms and have diagnostic findings on physical
examination. History and physical examina-
tion findings may be confirmed with imaging,
most commonly including radiographs fol-
lowed by MRI or US. RTC disease includes a
spectrum of disorders from impingement and
tendinopathy to full thickness tears of the RTC
tendons. The majority of patients with
impingement and partial thickness tears can
be managed non-operatively including
NSAIDs, steroid injections, and physical thera-
py, with good outcomes. However, some partial
thickness tears, acute full thickness tears in
the young, and full thickness tears in older
patients refractory to non-operative manage-
ment may require operative intervention.
Surgery may be accomplished with good
results through an open or arthroscopic
approach. Most tears can now be managed
with the less invasive arthroscopic approach
with favorable outcomes.
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