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KEY POINTS

� Shoulder pain has been cited as the third most common musculoskeletal pain complaint,
with impingement syndrome as the most common diagnosis.

� The mainstay of treatment of shoulder impingement syndrome is nonoperative treatment.

� Refractory cases, or those with an objective or mechanical explanation for symptoms,
may benefit from surgical intervention.
INTRODUCTION/BACKGROUND/PREVALENCE

Shoulder pain has been cited as the third most common musculoskeletal pain
complaint with a prevalence between 7% and 30%.1–5 Impingement syndrome is
the most common diagnosis when evaluating shoulder pain.6 This concept was first
theorized by Neer in 1972, referring to impingement of the tendinous rotator cuff by
the coracoacromial (CA) ligament and the anterior aspect of the acromion, with occa-
sional involvement of bone spurring and osteophyte formation.7 Recently, the term
“shoulder impingement syndrome” has been questioned, highlighting the simplicity
and broadness of the diagnosis, which may affect the ability of physicians and thera-
pists to communicate effectively.8–10 Thus, the purpose of this review will be to
describe the anatomic basis of subacromial impingement, internal shoulder impinge-
ment, and subcoracoid impingement. We will focus primarily on the evaluation and
diagnosis, as well as common nonsurgical treatment modalities. Surgical intervention
is reserved for patients who fail conservative measures.
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SUBACROMIAL IMPINGEMENT

Subacromial impingement is thought to be due to both extrinsic and intrinsic the-
ories.11,12 Some authors support one theory over the other; however, it is likely a com-
bination of both factors that leads to the pathology. Extrinsic compression of the
rotator cuff occurs due to limited space between the humeral head and the anterior
acromion, CA ligaments, and acromioclavicular (AC) joint. Some have suggested
that tension on the CA ligament during abduction causes acromial ossification and
osteophyte formation at the ligament insertion site.7,13 Other studies have shown
that all planes of motion result in contact on the CA ligament resulting in proliferation
of acromial spurs.14 Acromial shape and morphology also play a role in extrinsic
compression and is discussed later in this section. It has been shown that while acro-
mial morphology does not change with age, increased age does lead to more prolif-
erative acromial spur formation.15

In addition to extrinsic compression, it is hypothesized that intrinsic degradation of the
rotator cuff through diminished vascular supply, tensile forces on the rotator cuff, and
tendon aging lead to the constellation of symptoms related to subacromial impinge-
ment.11,16–19 Advocates of the intrinsic theory propose that damage to the supraspina-
tus tendon initiates a cascade of events that leads to subacromial impingement.11

Tendon impairment leads to eccentric tension overload of the rotator cuff, glenohumeral
instability, and superior humeral head migration, which in turn creates the extrinsic con-
tact that leads to spurring and perpetuates subacromial impingement.11,20
PATIENT EVALUATION OVERVIEW—SUBACROMIAL IMPINGEMENT

Initial patient evaluation begins with a thorough subjective history, review of systems,
physical examination, and relevant imaging. A careful subjective history of symptoms
should focus on the duration of symptoms, mechanism of onset (traumatic vs atrau-
matic), aggravating and alleviating factors, character and severity of pain, location
of pain, patient’s activity level and goals, and treatment modalities that have been
attempted, including physical or occupational therapy, orthotics/braces, creams/
gels/ointments, medications, injections, and surgical procedures. For cases of suba-
cromial, internal, and subcoracoid impingement, the history often contains an insid-
ious and atraumatic onset of symptoms, pain in certain positions and at night, often
without overt complaints of weakness. Once a thorough history is obtained, a com-
plete shoulder examination should be performed with the focus to rule out any obvious
signs of glenohumeral instability, full thickness rotator cuff tears, arthritic changes,
scapular dyskinesia, or other structural causes of symptoms. Additionally, many of
these may be present in the setting of impingement.

Physical Examination—Subacromial Impingement

A complete shoulder physical examination should be performed. The examination
starts with inspections of the shoulder, and it is imperative to appropriately visualize
the entire shoulder girdle in order to first inspect the shoulder. This includes the “6
S’s”: skin, scars, swelling, size, symmetry, and scapula.

Skin: Skin examination will often be normal in isolated shoulder impingement cases;
however, areas of hypopigmentation may be related to prior corticosteroid injec-
tion sites.

Scars: Prior surgical scars may be present. The location, size, and number of scars
may give clues about prior procedures. However, without imaging or prior operative
reports, such information must be used cautiously because it is not objective.
Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en National Library of Health and Social 
Security de ClinicalKey.es por Elsevier en mayo 18, 2023. Para uso personal exclusivamente. No se 
permiten otros usos sin autorización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



Shoulder Impingement Syndrome 313
Swelling: Assess for swelling that may be a sign of acute injury, which is nonspecific
and may be from either trauma, overuse, or tearing of muscles, tendons, intra-
articular, or ligamentous structures.

Size: Assess for atrophy and hypertrophy of the rotator cuff musculature. Atrophy
may be a sign of disuse, frailty, hyponutrition, or in some cases, chronic muscle
or tendon tears. Unilateral atrophy should also raise suspicion for peripheral nerve
compression.

Symmetry: Assess for symmetry of the shoulder girdle, particularly in cases of uni-
lateral complaints.

Scapula: Assess for scapular symmetry, both at rest and with shoulder motion.21

Scapular dyskinesia can be more common in athletes such as throwing athletes.
Scapular dyskinesia has been found in as many as 68% of patients with rotator
cuff abnormalities, 94% of patients with labral tears, and essentially 100% of pa-
tients with glenohumeral instability.22–26 It can also be the primary cause of a pa-
tient’s impingement and thus treatment, particularly physical therapy, should
focus on the scapular dysfunction.

Next, careful palpation of the shoulder should be performed. Subacromial impinge-
ment often leads to diffuse pain; however, patients may report maximal tenderness at
the rotator cuff insertion site on the greater tuberosity.
Passive range of motion (PROM) and active range of motion (AROM) should be eval-

uated. In all cases of shoulder impingement, extremes of motion are usually limited by
pain at points of compression; however, PROM is typically normal.
A detailed examination of the rotator cuff should be performed as well to include an

empty can test (Fig. 1A),26 drop arm sign (Fig. 1B),26 external rotation lag sign
(Fig. 1C),27 Hornblower’s sign (Fig. 1D),28 belly press (Fig. 1E),27 bear hug test
(Fig. 1F),29 and lift off test (Fig. 1G).30 Any concern for a full thickness rotator cuff
tear with cross weakness in any plane, particularly with a positive lag sign should
prompt obtaining advanced imaging.
A full distal neurologic examination should be performed and documented,

including motor, sensory, and reflex testing. The authors recommend performing a
Spurling’s test in patients who report any periscapular and/or neck pain.31 To do
so, the patient’s neck is extended and rotated to the affected side, the head is laterally
bent to the affected side, and the examiner applies vertical compression to the top of
the head. This is a positive test if it reproduces symptoms in the ipsilateral arm. This
test is specific but has poor sensitivity.31

Provocative tests for impingement are extremely useful. Studies have shown excel-
lent correlation between examination findings and MRI findings when evaluating
supraspinatus tears.32 Additional MRI studies proved that these tests cause true me-
chanical impingement that can be appreciated on imaging. These studies have found
that the Hawkins test produced more subacromial space narrowing and impingement
than the Neer test.33,34 An additional study showed that shoulders in the Neer position
demonstrated contact between the rotator cuff and the medial acromion, whereas
shoulders in the Hawkins position produced contact between the rotator cuff and
the CA ligament.35

Provocative Impingement Tests—Subacromial Impingement

The Neer impingement sign helps to indicate rotator cuff or bursal impingement
against the CA arch. It has been shown to have sensitivity 72% and specificity
60%.36 False positives occur due to stiffness, arthritis, instability, or osseous lesions.
To perform the maneuver, the examiner stabilizes the scapula, places the arm in the
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Fig. 1. Multiple examination tests have been described to evaluating the rotator cuff. Tests
for the supraspinatus include the empty can (Jobe) test (A) and the drop arm sign (B). The
Jobe test is performed by abducting the arm in the plane of the scapula, internally rotating
the shoulder and having the patient resist a downward force, and the drop arm sign is per-
formed by passively elevating the arm in the scapular plane to the horizontal and asking the
patient to slowly drop the arm. Both tests are positive if painful or weak. Tests for external
rotation include the external rotation lag sign (C) and the Hornblower’s sign (D). The
external rotation lag sign is performed by passively externally rotating the shoulder with
the elbow flexed to 90� and then asking the patient hold while letting go. This tests the in-
fraspinatus and is positive if the arm drifts into internal rotation. The Hornblower’s sign is
performed by abducting and externally rotating the shoulder to 90� and asking the patient
hold this position while letting go. This tests the teres minor and is positive if the arm drifts
into internal rotation. Tests for the subscapularis include the belly press test (E), the bear
hug test (F), and the lift off test (G). The belly press test is performed by asking the patient
to press the palm into the abdomen and bring the elbow forward to the plane of the body.
This can also be performed as a lag sign as demonstrated in the picture. The test is positive if
weakness and inability to maintain the elbow in front of the plane of the body. The bear
hug test is performed by placing the hand on the contralateral arm and asking the patient
to resist while applying an anterior force. The test is positive with weakness or pain. The lift
off test is performed by placing the patient’s hand with the palm posterior on the lower
back and asking the patient to lift the arm posteriorly off the back. This can also be per-
formed as a lag sign as demonstrated in the figure. The test is positive if weakness and
inability to move or keep the hand off the back.
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plane of the scapula, and the arm is passively raised. The test is positive if pain is eli-
cited because the greater tuberosity impinges against the acromion (between 70� and
110�; Fig. 2).
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Fig. 2. Examiner performs the Neer impingement test with the right arm stabilizing the
scapula while passively raising the arm.

Shoulder Impingement Syndrome 315
The Neer impingement test is performed by repeating the impingement maneuver
after injection of a local anesthetic into the subacromial space. If there is a decrease
in pain, this is considered a positive sign.
The Hawkins test aims to cause impingement of the greater tuberosity underneath

the CA ligament. It has been shown to have sensitivity of 79% and specificity of 59%
for impingement.36 To perform the maneuver, the examiner flexes the shoulder and
elbow to 90�, and then internally rotates the arm. The test is considered positive if
the symptoms of pain are recreated (Fig. 3).
Imaging Studies—Subacromial Impingement

Initial evaluation should begin with plain radiographs, which are typically normal in
cases of impingement syndrome. The senior author’s standard series includes a Gra-
shey view, anteroposterior internal rotation view, scapular Y, and axillary lateral. In
subacromial impingement, acromion morphology may play a role in the process. In
1986, Bigliani and colleagues classified acromion morphology.37 They described 3
distinct types of acromial morphology; a fourth type (convex distal acromion) was later
described by Vanarthos and colleagues in 1995.38 Acromial morphology does not
change with time but increased spurring occurs with age.15 The types of acromia
include a Type I (flat), Type II (curved), Type III (hooked), and Type IV (convex)
(Fig. 4).39

The significance of acromial morphology in relation to impingement and rotator cuff
tears is debated. Several authors reported that type III acromion is associated with
shoulder impingement syndrome and rotator cuff tears.40–42 However, other authors
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Fig. 3. Examiner performs the Hawkins test by passively applying an internal rotation force
to the arm with 90� of forward flexion/abduction and the elbow flexed to 90�.
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have contradicted these findings, and found instead that it is the acromial spurring that
is associated with full-thickness rotator cuff tears but not partial tears.43

The critical shoulder angle (CSA) is a novel angle measured from the inferior pole of
the glenoid and the glenoid plane to the lateral edge of the acromion (Fig. 5). In 2013,
Moor and colleagues hypothesized that a smaller CSA would correlate with shoulder
arthritis, and a larger CSAwould correlate with rotator cuff tears.44 They stated that the
normal CSA range was between 30� and 35�.44 Passaplan and colleagues in 2021 re-
ported that the CSA measurement remains constant in patients and does not change
over time.45 Acceptance of the CSA as a predictor of rotator cuff tears has been incon-
sistent and its role in impingement syndrome has not been elucidated.43,46–49

Additional radiographic parameters for shoulder impingement syndrome diagnosis
have been proposed. Amit and colleagues investigated the sharpened lateral acro-
mionmorphology (SLAM sign) (Fig. 6).41 They measured the angle between the inferior
and lateral borders of the acromion using the most inferolateral point as the apex and
Fig. 4. The Bigliani Classification of acromial morphology, demonstrating a Type I or flat
acromion (A), a Type II or curved acromion (B), and a Type III or hooked acromion (C).
(From Bright, A., Torpey, B., Magid, D. et al. Reliability of radiographic evaluation for acro-
mial morphology. Skeletal Radiol 26, 718–721 (1997).)
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Fig. 5. Example of the CSA measured as the angle of the glenoid plane from the inferior
pole of the glenoid to the lateral edge of the acromion.
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termed this the “inferolateral acromion angle” (ILAA). If less than 90�, it was considered
an SLAM sign. They compared this finding with acromial type III and the CSA greater
than 35�. They found that all 3 imaging findings (acromial type, CSA, and SLAM sign)
correlated to rotator cuff tears but the SLAM sign had the strongest correlation.41

Ultrasound is a useful and inexpensive imaging modality that has been shown to be
accurate for full thickness rotator cuff tears, and bursitis of the subacromial or subdel-
toid bursae. Early tendinitis changes are seen with high echogenicity and thickening.
Bursitis is seen as a thickened bursa wall and anechoic effusion.50–52 Thus, ultrasound
may have some utility in the clinical setting with a well-trained operator.
Fig. 6. Radiographic image of the sharpened lateral acromion morphology (A), with the
ILAA measured at 40� (B), consistent with an SLAM sign. (From Amit P, Paluch AJ, Baring
T. Sharpened lateral acromion morphology (SLAM sign) as an indicator of rotator cuff
tear: a retrospective matched study. JSES Int. 2021 Jul 14;5(5):850-855. https://doi.org/10.
1016/j.jseint.2021.05.013. PMID: 34505095; PMCID: PMC8411071.)
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CLASSIFICATION AND STAGING OF SUBACROMIAL IMPINGEMENT

Neer classified subacromial impingement into 3 stages.53 Although rarely discussed in
current clinical practices, the stages can help guide treatment. Stage 1 (edema and
hemorrhage) is typically seen in patients aged younger than 25 years and managed
conservatively. Stage II (fibrosis and tendinitis) is typically seen in patients aged be-
tween 25 and 40 years, which may require bursectomy or CA ligament division. Stage
III (bone spurs and tendon rupture) is typically seen in patients aged older than 40
years, which may require anterior acromioplasty and/or rotator cuff repair.

TREATMENT OPTIONS FOR SUBACROMIAL IMPINGEMENT SYNDROME

Nonoperative management of subacromial impingement syndrome remains the main-
stay of treatment and is successful in most patients.54,55 Initial modalities include non-
opioid pain medication such as nonsteroidal anti-inflammatory drugs (NSAIDs),
corticosteroid injections, and physical therapy. Cummins and colleagues produced
a prospective study, in 2009, which included 100 patients with shoulder impingement
syndrome treated nonoperatively.55 Patients received a subacromial cortisone injec-
tion and physical therapy. 79% of patients avoided surgery at 2-year follow-up.
ASES scores increased from 56 to 95, and visual analog scale pain score decreased
from 4.8 to 0.6. Total number of injections and patient response to the initial injection
were predictors of future surgical interventions. Overall, their findings demonstrate
that nonoperative management yields good outcomes.

Pharmacologic or medical treatment options

Several over the counter and prescription NSAIDs are commonly available. Given the
longer half-life, the senior author prefers naproxen due to decreased dosing fre-
quency.56 Some NSAIDs have increased COX-2 selectivity over COX-1, which may
lead to decreased gastrointestinal side effects; however, these medications have an
increased risk of cardiovascular and clotting side effects.57,58–60 Topical NSAIDs
may decrease the risk of systemic side effects and may be considered.
Acetaminophen may be safer for use in patients with renal disease but should be

avoided in patients with hepatic disease. It may provide symptom control in select pa-
tients but it does not decrease inflammation in the peripheral tissues. It inhibits the
prostaglandin pathway within the central nervous system.61 Although some patients
and providers prefer acetaminophen for its lack of gastrointestinal and blood thinning
side effect profile, it is not an anti-inflammatory medication.

Nonpharmacologic or surgical/interventional treatment options

Physical therapy including a home exercise program is very effective. In a systematic
review, Kuhn demonstrated that exercise improves pain symptoms and function but
not range of motion or strength.60 Steuri and colleagues showed that guided exercises
lead to better results than generic exercises.62 Thus, patients should be started on a
supervised therapy program, and they can advance to home exercises once they can
demonstrate the exercises on their own and are showing improvement. Patients who
do not require manual therapy techniques, and who have developed proficiency in the
protocol may progress to an unsupervised home exercise program.63

Similarly, in the postoperative setting, supervised physical therapy has been shown
to be superior to unsupervised home exercise programs following arthroscopic acro-
mioplasty for impingement syndrome.64

Yet, studies have shown that manual therapy in addition to isolated physical therapy
improves outcomes in patients with shoulder impingement syndrome.65 Some reports
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note improvement in strength and function and decreased pain. Manual therapy tech-
niques included soft tissue massage and muscle stretching focusing on the pectoralis
minor, infraspinatus, teres minor, upper trapezius, sternocleidomastoid, and
scalenes.66,67

Kuhn also described a thorough, evidence-based rehabilitation protocol for the
treatment of rotator cuff impingement.63 A summary of his 5 distinct categories is pre-
sented here and is the preferred guidelines for the senior author:

1. Modalities: Heat or cold, or both, may be used. The literature does not support the
use of ultrasound treatment because results were similar between test subjects
and controls.

2. Manual therapy: Joint and soft tissue mobilization techniques are useful during a
period of supervised exercise. Patients should be instructed on a home exercise
program and once able, should transition to one.

3. Range of motion: Begin with postural exercises such as shrugs and shoulder
retraction to stabilize the scapula. Glenohumeral motion should be initiated with
pendulum exercises. This can be progressed to active assisted motion and then
active motion as tolerated. Active assisted motion can be performed by the patient
using a cane, pulleys, or the uninvolved arm.

4. Flexibility: Daily stretching should be performed, for both the anterior and posterior
shoulder. Stretches should be held for 30 seconds and repeated 5 times, with a 10-
second rest in between stretches.

5. Strengthening: The focus of strengthening is the rotator cuff and scapular stabiliz-
ing muscles. Rotator cuff strengthening should be focused on internal rotation with
the arm adducted at the side, external rotation with the arm adducted at the side,
and scaption exercises if there is no associated pain. Scapular stabilization exer-
cises include chair presses, push-ups, and upright rows. Standing forward eleva-
tion and extension exercises can be performed with elastic bands. Each exercise
should be performed as 3 sets of 10 repetitions and may increase with patient
progression.

Corticosteroid injections into the shoulder capitalize on the anti-inflammatory ef-
fects of steroids, which have been used in treating degenerative joint disease in other
joints in the body. Steuri and colleagues demonstrated that corticosteroid injections
were superior to placebo in the treatment of shoulder impingement syndrome.62

Cuomo and colleagues performed a prospective, double-blinded, randomized control
trial comparing steroid injections with plain lidocaine injections and found that 84% of
steroid injection patients reported significant improvement in pain, and only 36% of
controls reported improvement.68 Additionally, 76% of the steroid group had improve-
ment in activities of daily living (ADLs), whereas this was seen in only 23% of the lido-
caine group.68 Dong and colleagues reported that corticosteroid injections should be
used in conjunction with therapy for best results, and worse effects are noted when
corticosteroid injections are performed alone.69 Patients should be counseled on
the risks of corticosteroid injections before administration. Diabetic patients should
be counseled to monitor their glucose levels. A hemoglobin A1c greater than 7%
has been postulated as a cutoff for higher risk of postinjection day 1 increases in
glucose.70 All patients should be counseled on the risk of tendon rupture, which
although rare, has been described.71 Patients should be counseled on the risk of
the “flare phenomenon,” which is a paradoxic, short-term increase in pain following
a corticosteroid injection, which is self-limiting in nature.72 It should be discussed
with the patient that shoulder surgery should be delayed after corticosteroid injection
because risks of repair failure and postoperative infection may be increased.73 Some
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authors advocate for a 6-month delay before performing shoulder tendon repair pro-
cedures following a local injection, although recent data may suggest that a shorter
period is acceptable.73 The risks of shoulder joint infection and local skin hypopigmen-
tation should be discussed as well.
Hyaluronic acid is a long polysaccharide (glycosaminoglycan) chain with hydrophi-

licity, providing viscoelastic properties. It is theorized to provide mechanical proper-
ties similar to cartilage in the form of impact absorption, and synovial fluid in the
form of joint lubrication.74 Although hyaluronic acid injections have been studied
and shown to demonstrate some success in the treatment of knee osteoarthritis, ev-
idence is currently lacking in terms of replicating this success in the shoulder.75

Penning and colleagues performed a randomized control trial, which demonstrated
that hyaluronic acid injections for subacromial impingement syndrome did not provide
improved results when compared with corticosteroid injections or placebo.76 Hsieh
redemonstrated this in a 2021 randomized control trial, showing that corticosteroid in-
jections performed superior to hyaluronic acid injections; furthermore, they showed
hyaluronic acid injections to be only marginally better than normal saline placebo
injection.77

Additional Modalities

Additional modalities that have been proposed in the treatment of shoulder impinge-
ment syndrome include ultrasound, laser therapy, pulsed electromagnetic field treat-
ment, extracorporeal shockwave therapy (ECSWT), taping, and hyperthermia.
Definitive evidence to support these is lacking. In a randomized control trial, Shakeri
and colleagues demonstrated that kinesiological taping was able to demonstrate sig-
nificant decreases in motion-related pain and nocturnal pain when compared with pla-
cebo taping,78 and other authors demonstrated that taping may be effective in the
early stages of shoulder impingement syndrome.69 Steuri and colleagues used
meta-analysis to compile low-quality evidence reporting that laser treatment, ECSWT,
and taping may be superior to sham treatment.62 An analysis of 2 systematic reviews
and 10 randomized control trials evaluated the use of exercise therapy, ultrasound,
laser, pulsed electromagnetic field, and hyperthermia for subacromial impingement
syndrome.79 Moderate evidence supported hyperthermia and exercise therapy in
the short term; however, lasting effects were unable to be shown for any intervention
aside from exercise therapy.

Surgical Options and Outcomes—Subacromial Impingement Syndrome

Surgical intervention is reserved for patients who fail a trial of nonoperative treatment
measures. The mainstay of operative intervention is open or arthroscopic subacromial
decompression, which includes an acromioplasty with CA ligament release. In 1972,
Neer introduced the idea of anterior acromioplasty with release of the CA ligament
in the treatment of subacromial impingement.7 Although his originally described pro-
cedure was open and not arthroscopic, the study reported good results in terms of
pain relief in patients with chronic pain from subacromial impingement. The principles
of anterior acromioplasty include removing the anterior edge and undersurface of the
anterior acromion, the attached CA ligament, biceps tendon decompression and
removal of groove osteophytes, and resection of hypertrophic spurring at the AC
joint.7

Ellman described the arthroscopic subacromial decompression technique in
1987.80 About 88% of patients had a satisfactory result with 88% also returning to
their prior level of sporting activity. A 2010 meta-analysis showed equivalent out-
comes, operative times, and complication rates between open and arthroscopic
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methods.81 Additional studies have shown good results regarding pain relief in these
patients.11,82

Potential complications include deltoid dysfunction and anterosuperior escape.
Care should be taken to not resect an excessive amount of anterior acromion near
the deltoid attachment. Preoperative imaging should be inspected for os acromiale
because complete excision can cause deltoid dysfunction. Anterosuperior escape
can occur if acromioplasty and CA ligament release are performed in patients with
massive rotator cuff tears.
In a cadaveric study, Colman and colleagues found that flattening of the anterior

ridge removed an average thickness of 1.9 1 0.5 mm of bone and only removed
impingement in 50% of specimens, whereas flattening of the anterior third to the
midline removed an average of 5.4 1 1.9 mm of bone and eliminated impingement
in 100% of cases.83 No further benefit was gained by the most aggressive resection
or flattening of the entire acromion.

INTERNAL IMPINGEMENT

Internal impingement, in contrast, is primarily an intra-articular pathologic condition
that is characterized by excessive or repetitive impact of the greater tuberosity with
the posterosuperior glenoid. This occurs with arm abduction and external rotation
(ABER), the so-called late cocking phase of throwing.84 Internal impingement results
in articular-sided rotator cuff degeneration and posterior labral tears or fraying
(Fig. 7). The pathoanatomy is thought to be multifactorial and includes glenohumeral
instability, scapular dyskinesis, and posterior shoulder capsule tightness. Common
findings include posterior glenohumeral joint line tenderness, decreased internal rota-
tion, increased external rotation, and pain in the abducted and external rotation
position.

PATIENT EVALUATION OVERVIEW—INTERNAL IMPINGEMENT

Initial patient evaluation for internal impingement is similar to that of subacromial
impingement and should begin with a thorough subjective history, review of systems,
physical examination, and relevant imaging. This is detailed in the subacromial
impingement section.
Fig. 7. Intraoperative arthroscopic view of the (A) posterior labrum fraying and the (B) artic-
ular side of the infraspinatus demonstrating fraying and degeneration in a patient with in-
ternal impingement. These are original images from the senior author.

Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en National Library of Health and Social 
Security de ClinicalKey.es por Elsevier en mayo 18, 2023. Para uso personal exclusivamente. No se 
permiten otros usos sin autorización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



Horowitz & Aibinder322
Physical examination—internal impingement

In the evaluation of internal impingement, a complete shoulder physical examination
should be performed. The overall physical examination is similar to that of subacromial
impingement. The “6 S’s” as outlined above should be performed: skin, scars,
swelling, size, symmetry, and scapula. PROM and AROM should be evaluated and
may demonstrate pain at the extreme of ABER. A full distal neurologic examination
and rotator cuff examination should be performed and documented and previously
outlined.
Next, careful palpation of the shoulder should be performed. Posterior glenohum-

eral joint line tenderness is suggestive of internal impingement, most likely at the post-
erosuperior glenoid and labrum.84

Provocative impingement tests for internal impingement

Provocative tests for impingement are extremely useful and include the internal
impingement/posterior impingement sign and the relocation sign. Meister and col-
leagues studied the posterior impingement sign to attempt to reproduce posteriorly
located pain.85 The goal of the test is to cause impingement of the articular-sided
rotator cuff and labrum between the glenoid and the greater tuberosity. Sensitivity
was shown to be 75.5% and specificity was 85% for internal impingement.85 When
only noncontact athletes with posterior shoulder pain were included, sensitivity
improved to 95% and specificity to 100%. Positive findings highly correlated with un-
dersurface rotator cuff or posterior labrum tearing during arthroscopy, which were
amenable to treatment. To perform this maneuver, the arm is placed in 90� to 110�

of abduction and maximally externally rotated to recreate the late cocking phase.
The arm is then extended 10� to 15�, and pain in this position is considered a positive
test. External rotation in forward flexion rather than abduction should resolve the pain
(Fig. 8).
The relocation sign was described by Jobe and colleagues with the arm abducted to

90� and maximally externally rotated (Fig. 9).84,86,87 Pain in this position and resolution
of pain with a posteriorly directed force on the proximal humerus is considered a pos-
itive test. During arthroscopic examination in 41 professional overhand throwing ath-
letes with a positive test, the authors found 100% had either rotator cuff/
posterosuperior glenoid contact, or osteochondral lesions.88

Imaging studies—internal impingement

Similar to subacromial impingement, in the evaluation of internal impingement, the
initial evaluation should begin with plain radiographs. On plain film radiographs,
some radiographic findings may be seen with internal impingement to assist with
the diagnosis.84 These include exostosis of the posteroinferior glenoid rim (Bennett
lesion), sclerosis of the greater tuberosity, posterior humeral head osteochondral le-
sions or cysts, and rounding of the posterior glenoid rim.84,89

However, in the evaluation of internal impingement syndrome, MRI plays a larger
role. Studies have evaluated MRI in shoulders with arthroscopically diagnosed internal
impingement syndrome and have defined 3 distinct findings that are consistent with
the diagnosis: (1) undersurface tears of the supraspinatus or infraspinatus, (2) cystic
changes in the posterior aspect of the humeral head, and (3) posterior superior labral
pathologic condition (Fig. 10).90

Fessa and colleagues proposed that shoulder positioning plays an important role dur-
ing MRI when evaluating internal impingement.91 The authors proposed that the shoul-
der position of ABER, which allows the posterosuperior rotator cuff to relax and allows
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Fig. 8. Examiner performs the posterior impingement test by placing the arm in 90� to 110�

of abduction and maximally externally rotated to recreate the late cocking phase. The arm is
then extended 10� to 15� and pain in this position is considered a positive test.
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more contrast into the tear. This position also places the humeral head and glenoid
impaction sites closer together, and approximates the potential pathologic sites.

Treatment Options for Internal Impingement Syndrome

Similar to subacromial impingement, nonoperative management remains the mainstay
of treatment. Initial modalities include nonopioid pain medication, corticosteroid injec-
tions, and physical therapy. Additional modalities that have been proposed in the
treatment of shoulder impingement syndrome include ultrasound, laser therapy,
pulsed electromagnetic field treatment, ECSWT, taping, and hyperthermia. These in-
terventions are outlined in detail above, with inconclusive data.
For internal impingement, an intra-articular injection is preferred, and the authors’

preferred technique is a posterior injection site located approximately 2 cm distal
and medial to the posterolateral edge of the acromion. The injection can yield both
therapeutic and diagnostic benefit.

Surgical options and outcomes—internal impingement

Internal impingement is associated with a high rate of concomitant pathologic condi-
tion, including biceps tenosynovitis, labral tears, and arthritic changes.92 ElAttrache
and colleagues demonstrated concomitant pathologic condition arthroscopically in
overhand throwing athletes, finding that 93% of internal impingement patients had un-
dersurface rotator cuff fraying, and 88% had posterosuperior labral fraying.88 Treat-
ment of this concomitant pathologic condition should be addressed based on the
severity of the individual pathologic condition. For example, the amount of rotator
cuff tearing to warrant debridement versus repair is a topic of debate. In 1985,
Andrews and colleagues published on 36 overhead athletes who underwent debride-
ment for articular-sided partial tears and demonstrated that 85% returned to premor-
bid function.93 To further complicate the picture, it is possible that microinstability in
the glenohumeral joint contributes to internal impingement pathologic condition,
which, if unaddressed, can lead to continued pain, as theorized by Levitz and col-
leagues94 Some have proposed the importance of addressing osseous pathologic
condition such as the Bennett lesion or even performing a humeral osteotomy to
change humeral version in refractory cases that failed arthroscopic management.95,96
Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en National Library of Health and Social 
Security de ClinicalKey.es por Elsevier en mayo 18, 2023. Para uso personal exclusivamente. No se 
permiten otros usos sin autorización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



Fig. 9. Examiner performs the relocation sign by applying a posteriorly directed force on the
proximal humerus, which should relieve pain.
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Outcomes are difficult to study and vary based on the true intra-articular pathologic
condition identified.

SUBCORACOID IMPINGEMENT

Subcoracoid impingement refers to pain due to compression of the subscapularis be-
tween the lesser tuberosity and the coracoid. Pain is usually located anteriorly and
tearing of the subscapularis may occur.97 Symptoms are reproduced with the arm
adducted, forward flexed, and internally rotated. Coracoid morphology, such as a
more lateral projection and shorter distance may predispose patients to this condi-
tion.98 Some authors suggest that rotator cuff integrity and humeral head stability
also play a role in this rare condition that requires a high index of suspicion.99

PATIENT EVALUATION OVERVIEW—SUBCORACOID IMPINGEMENT

Initial patient evaluation for internal impingement is similar to that of subacromial and
internal impingement and should begin with a thorough subjective history, review of
systems, physical examination, and relevant imaging.

Physical Examination—Subcoracoid Impingement

In the evaluation of subcoracoid impingement, a complete shoulder physical examina-
tion should be performed. The overall physical examination is similar to that of suba-
cromial and internal impingement. The “6 S’s” as outlined above should be performed:
skin, scars, swelling, size, symmetry, and scapula. PROM and AROM should be
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Fig. 10. MRI arthrogram of the patient in Fig. 2, which demonstrates (A) fraying of the pos-
terior labrum on an axial slice, as well as (B, C) a posterosuperior osseous cyst seen on the
axial and coronal slices, as well as (D) degenerative tearing of the posterosuperior rotator
cuff tissue.
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evaluated. A full distal neurovascular examination and rotator cuff examination should
be performed and documented and previously outlined.
Next, careful palpation of the shoulder should be performed. Subcoracoid impinge-

ment patients may locate a single, focal point of tenderness anteriorly, at either the
anterior coracoid or the lesser tuberosity.

Provocative Impingement Tests for Subcoracoid Impingement

Provocative tests for subcoracoid impingement are extremely useful and include pain
induced by forward elevation and internal rotation of the arm. It is greatest between
120� and 130� of flexion. This is a higher degree of flexion than what is expected in
subacromial impingement.
The coracoid impingement test is performed by placing the shoulder passively in a

position of cross-arm adduction, forward elevation, and internal rotation to bring the
lesser tuberosity in contact with the coracoid (Fig. 11). A positive test produces a pain-
ful clicking in the anterior shoulder.100

Imaging Studies—Subcoracoid Impingement

Similar to subacromial and internal impingement, in the evaluation of subcoracoid
impingement, the initial evaluation should begin with plain radiographs.
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Fig. 11. Examiner performs the coracoid impingement test by placing the shoulder passively
in a position of cross-arm adduction, forward elevation, and internal rotation to bring the
lesser tuberosity in contact with the coracoid. A positive test produces a painful clicking in
the anterior shoulder.
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MRI and computed tomography (CT) play a significant role in the diagnosis of sub-
coracoid impingement. Some authors have used cine, or dynamic, MRI imaging,
which allows use of a shoulder rotating device for a series of images in progressive
rotating positions of the shoulder.101 One study demonstrated that cine MRI can be
a very useful tool in the diagnosis of subcoracoid impingement when other methods
are inadequate (Fig. 12).97

CT scans are obtained with the arms crossed on the chest. A coracohumeral dis-
tance less than 6 mm is consistent with subcoracoid impingement. A normal distance
is 8.7 mmwith the arm adducted and 6.8 mmwith the arm flexed.98 Nonetheless, sub-
coracoid impingement is a clinical diagnosis, and a normal coracohumeral distance
does not rule out the condition.102
TREATMENT OPTIONS FOR SUBCORACOID IMPINGEMENT SYNDROME

Similar to subacromial and internal impingement, nonoperative management is the
mainstay of treatment and is similar to the other forms of impingement. In regard to
injections, an ultrasound-guided injection is recommended to be performed by a
trained specialist. Typically, this is performed with the arm at the side and external
rotated to avoid subscapularis or biceps tendon involvement. Injection should be
deep and lateral to the coracoid tip to maximize the therapeutic and diagnostic
benefit.97
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Fig. 12. Axial MRI image showing subcoracoid impingement. The arrowhead depicts the
subscapularis with intrasubstance tendinosis, and the arrow demonstrates the elongated
coracoid and decreased coracohumeral distance. (From Freehill, Michael Q. MD. Coracoid
Impingement: Diagnosis and Treatment. American Academy of Orthopaedic Surgeon: April
2011 - Volume 19 - Issue 4 - p 191-197.)
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Surgical options and outcomes—subcoracoid impingement

Surgical management is rare but may include arthroscopic coracoplasty with or without
subscapularis tendon repair if indicated. The posterolateral coracoid should be resected
to create a minimum of 7 mm of clearance between the coracoid and the subscapularis.
Care should be taken to be aware of the dangers during arthroscopy for subcoracoid
impingement, which include the musculocutaneous nerve, which is an average of
2.74 cm from the coracoid, the axillary nerve, which is an average of 3.5 cm from the
coracoid, and the cephalic vein, which is an average of 1.37 cm from the coracoid.103

Another option includes open coracoplasty, which includes resected the lateral portion
of the coracoid. Then, the conjoined tendon is reattached to the remaining medial cora-
coid.100 Reported surgical outcomes have been good and can be recommended for pa-
tients who have failed nonoperative measures.100
SUMMARY/DISCUSSION

Shoulder impingement syndrome has been cited as the most common cause of shoul-
der pain. The term “shoulder impingement syndrome” has been criticized as vague
and nonspecific, and therefore misleading. Although shoulder impingement syndrome
is likely multifactorial, the 3 most common subtypes would include subacromial
impingement, internal impingement, and subcoracoid impingement. The mainstay of
treatment is nonsurgical, as the majority of patients will improve with conservative
measures. Surgical intervention is reserved for patients who fail conservative mea-
sures. Surgical intervention is most commonly in the form of decompression, with
attention given to concomitant, associated pathologic condition of the shoulder, which
commonly exists in the setting of impingement. The authors strongly emphasize that
the specific subtype of shoulder impingement syndrome terminology be clearly
communicated, as ambiguity can lead to misdiagnosis. Vague diagnoses such as
“shoulder impingement syndrome” can lead to treatments that have a low likelihood
of success because specific pathologic condition may go unaddressed.104,105

Finally, there is a clear need for future high-powered, high-quality, prospective ran-
domized controlled trials in this arena in order to improve outcomes in patients with
different impingement syndromes of the shoulder.
Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en National Library of Health and Social 
Security de ClinicalKey.es por Elsevier en mayo 18, 2023. Para uso personal exclusivamente. No se 
permiten otros usos sin autorización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



Horowitz & Aibinder328
CLINICS CARE POINTS
� Supervised physical therapy and exercises have been shown to improve pain and function in
the setting of subacromial impingement syndrome.

� In the sertting of internal impingement refractory to nonoperative treatment, articular sided
debridement yields a reasonable return to function.

� A coracohumeral distance of less than 6 mm is consistent with subcoracoid impingement.
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