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The anatomic area involved in typical

impingement syndrome is defined by

the subacromial space. Impingement

of this area can lead to extrinsic com-

pression of the rotator cuff, the bursa,

the long head of the biceps tendon, or

the subscapularis tendon. The supe-

rior border of the subacromial space

is formed by the acromion, the cora-

coacromial (CA) ligament, and the

acromioclavicular (AC) joint. The an-

terior border is formed by the CA

ligament and the coracoid process,

and the inferior border is the humeral

head. Changes in any of these struc-

tures can lead to impingement syn-

drome (Table 1).

Typical Impingement
Syndrome
Classification
The Neer impingement syndrome

classification is commonly used.1

Stage I involves edema or hemor-

rhagic change in the rotator cuff ten-

dons. Stage II is characterized by

tendon degeneration and fibrosis.

Stage III involves further attenua-

tion of the tendons with a structur-

ally significant partial- or full-

thickness rotator cuff tear.

Diagnosis
History and Physical Examination
A patient with typical impinge-

ment syndrome often has sleep-

disrupting anterolateral or lateral

shoulder pain, which may be posi-

tional. Pain also may be present with

overhead activity, and it often is as-

sociated with loss of motion or

weakness. The onset of pain typical-

ly is insidious; in some patients, the

onset is precipitated by a mild trau-

matic event or a heavy repetitive task

such as painting or raking leaves.

The medical history must include

any endocrine disorder, a family his-

tory of rotator cuff disorder, a pend-

ing workers’ compensation claim, or

pending litigation. The physical ex-

amination must include visual as-

sessment for skin lesions or discrep-

ancy in shoulder height or scapular

position.2 Range of motion is as-

sessed with attention to forward

flexion, abduction, external rotation

at the side and in abduction, and in-

ternal rotation up the spine. Internal

rotation should be checked in the

plane of the scapula if the patient

participates in an overhead sports

activity. The contralateral shoulder

can be used to compare motion re-

striction, although significant re-

strictions in range of motion rarely

are present with typical impinge-

ment syndrome. Tenderness to pal-

pation is specific to the area of the

anterior rotator cuff and bursa just

anterolateral to the acromion. Ten-

derness over the AC joint or cora-

coid indicates the involvement of

additional structures.

The patient may have increased

pain with passive forward flexion in

an internally rotated position (the

Neer test) or with passive internal

rotation in 90° of abduction (the

Hawkins test). However, some pa-
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tients have little pain with these

tests. Strength testing of the ele-

ments of the rotator cuff typically

reveals weakness in external rotation

at the side (the infraspinatus) or in

forward flexion in the plane of the

scapula (the supraspinatus). A mis-

match between passive and active

range of motion suggests a signifi-

cant decoupling of the rotator cuff.

Additional tests or an in-depth

examination of the neck and upper

spine may be needed to evaluate the

patient’s distal neurovascular status.

Imaging
Plain radiography can be helpful in

identifying the cause of impinge-

ment syndrome (especially an atypi-

cal cause such as an os acromiale).

An AP view with the shoulder in 30°

of external rotation, a standard axil-

lary view, and an outlet Y view are

most beneficial. The AP view re-

veals any AC joint pathology and al-

lows evaluation of the glenohumeral

joint. The axillary view shows the

glenohumeral joint and the coracoid

anatomy and is most useful for de-

termining the presence of an os ac-

romiale. The outlet Y view can be

used to determine the type of acro-

mion morphology (flat, curved, or

hooked), although this classification

has significant interobserver vari-

ance; nonsurgical treatment is less

likely to be successful if the acromi-

on is hooked or curved.3

Only plain radiography usually is

necessary before nonsurgical treat-

ment. However, a substantial mis-

match between the active and pas-

sive ranges of motion or a traumatic

onset of pain is an indication for fur-

ther testing. MRI allows thorough

evaluation of the soft tissues and

bony structures around the shoul-

der. Ultrasonography and CT ar-

thrography are less expensive, but

specific expertise is required to con-

duct and interpret these tests.

Diagnostic Injection
An injection of lidocaine into the

subacromial space produces excellent

relief of pain from typical impinge-

ment syndrome. Residual symptoms

suggest the presence of a concomitant

metabolic disorder or pathology in

the AC joint, the glenohumeral joint,

or the cervical spine (Table 2).

Nonsurgical Treatment
Typical impingement syndrome can

be successfully treated using non-

surgical techniques.3 The goals of

the first phase of treatment include

resolution of limitations in the

patient’s range of motion and reha-

bilitation of weakness in the rotator

cuff or periscapular muscles. The

patient must avoid any inciting ac-

tivity. Some patients respond well

to the use of a nonsteroidal anti-

inflammatory agent. If the symp-

toms persist, a therapeutic subacro-

mial injection of lidocaine and a

corticosteroid can be used. The in-

jection is best done using a posterior

approach and a 22-gauge, 1.5-inch

needle with 9 cc of lidocaine and

1 cc of a corticosteroid (Figure 1).

Although the long-term effect has

not been established, therapeutic in-

jection can resolve sleep-disrupting

pain and allow the patient to contin-

ue a home-based physical therapy

program.

Subacromial Decompression
If a 3- to 6-month program of non-

surgical treatment does not resolve

the symptoms, MRI or ultrasonog-

raphy can be used to identify evi-

dence of extrinsic impingement. A

carefully planned subacromial de-

compression can then be done using

an arthroscopic or open technique.

Diagnostic glenohumeral arthros-

copy is important for identifying

and treating any intra-articular pa-

Table 2
Differential Diagnosis of Typical
Impingement Syndrome

Calcific tendinitis

Gout

Adhesive capsulitis

Psoriatic arthritis

AC arthritis or osteolysis

Lyme disease

Glenohumeral arthritis

Lupus erythematosus

Septic arthritis

Osteonecrosis

Rheumatoid arthritis

Cervical radiculopathy

Thoracic outlet syndrome

Tumor

Table 1
Causes of Impingement Syndrome

Typical Impingement Syndrome

• A type II or III acromion

• Subacromial spurs

• Osteoarthritic spurs of the AC joint

• A thickened or calcified CA ligament

Atypical Impingement Syndrome

• Os acromiale

• Shoulder instability

• Superior migration of the humeral head
secondary to rotator cuff weakness

• Posterior capsular contractures (GIRD)

• Scapular dyskinesis

GIRD = glenohumeral internal rotational
deficiency

Figure 1 Subacromial injection from a
posterior approach.
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thology such as a partial undersur-

face rotator cuff tear or early gleno-

humeral arthritis.

The goals of a subacromial de-

compression are to release the CA

ligament; remove any thickened

subacromial bursa; and achieve a

flat, smooth acromial undersurface.

Subacromial decompression has ex-

cellent long-term results.4 If the pa-

tient’s symptoms are not resolved

with subacromial decompression, all

potential causes must be considered.

Failure of subacromial decompres-

sion can be classified as mechanical,

physiologic, or psychosocial.

Mechanical Issues
Mechanical failure of subacromial

decompression results from a tech-

nical error: failure to release the en-

tire CA ligament or failure to correct

a lateral or anterior acromial tilt (an

acquired type III acromion). These

anatomic structures can be seen on

radiographs or MRI scans (Figure

2). A carefully planned revision sub-

acromial decompression is required

specifically to correct the pathologic

anatomy.

The AC joint can be an isolated

source of pain in patients with AC

degenerative joint disease or osteol-

ysis (Figure 3), and many patients

with impingement syndrome have

symptoms of an AC joint disorder.

The patient’s history and physical

examination should lead to an accu-

rate diagnosis of direct AC symp-

toms. Underlying AC joint osteo-

phytes are a common cause of

extrinsic impingement, and failure

to remove undersurface AC osteo-

phytes frequently leads to residual

pain after a subacromial decompres-

sion (Figure 4). The osteophytes can

easily be seen on plain radiographs

or an MRI scan. A resection of the

AC joint, with removal of osteo-

phytes from the acromion and clavi-

cle, often is successful in alleviating

symptoms.

Pathology of one of the main

structures of the subcoracoid space

(the long head of the biceps tendon,

the subscapularis tendon, or the cora-

coid process) can cause residual

symptoms if not corrected during

subacromial decompression. The

long head of the biceps tendon can

degenerate and become partially torn

in the groove; if structurally intact, it

can become subluxated or dislocated

from the groove (Figure 5). The pa-

thology can easily be seen during a

diagnostic arthroscopic examination

of the glenohumeral joint, and ap-

propriate surgical débridement or

biceps tenodesis can be done.

The subscapularis tendon rarely

shows wear on its outer surface;

most pathology is intra-articular.

The tendon can be examined ar-

throscopically by elevating the pa-

tient’s elbow away from the body

with the forearm across the abdo-

men. This internal rotation exposes

the insertion of the subscapularis

and the anterior capsule as well as

the neck of the humerus. From this

position, a low-grade partial tear can

be débrided, and a higher grade le-

sion can be repaired.

Extrinsic compression from the

coracoid often is difficult to diag-

nose. However, a positive cross-

body Hawkins test with residual an-

terior pain in the region of the

coracoid suggests the presence of

coracoid impingement. Measuring

the coracoid indices on MRI or CT

Figure 2 AP radiograph showing sig-
nificant residual lateral acromial tilt
(line).

Figure 3 MRI scan showing AC joint
osteolysis (arrow).

Figure 4 Arthroscopic view from the
posterior portal showing a retained AC
spur (arrows).

Figure 5 Axillary MRI scan showing a
dislocated long head of the biceps ten-
don (arrow).
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also can be helpful.5 However, cora-

coid decompression may be neces-

sary if the index is normal because

the faux humeri (lateral thickening

of the conjoined tendon) is causing

the extrinsic soft-tissue compres-

sion6 (Figure 6).

Acromial fracture after an exces-

sive resection is rare and extremely

difficult to treat. If the deltoid at-

tachment is intact, the unstable an-

terior acromial fragment can be re-

sected arthroscopically. If the deltoid

has been violated, excision of the

fragment with a secondary deltoid

repair can be attempted.

The CA arch must be maintained

in a patient with a rotator cuff defi-

ciency. Loss of the structural integri-

ty of the arch leads to superomedial

instability (Figure 7). Surgical treat-

ment of superomedial instability is a

reverse total shoulder replacement

or a shoulder fusion.

Physiologic Issues
Occasionally, the subacromial space

fills with reactive scar in a bursal re-

sponse to subacromial decompres-

sion. The etiology of this reaction is

not well understood, but it may in-

volve excessive use of thermal cau-

tery or failure to remove bony de-

bris. A subacromial injection

typically leads to excellent relief of

pain, but the patient’s range of mo-

tion remains limited. A revision re-

section of the bursa and lysis of any

subacromial adhesions often leads to

excellent clinical recovery.

Reflex sympathetic dystrophy

causes postsurgical pain that is more

severe than expected, as well as reluc-

tance to move the entire extremity.

Often the patient has forearm and

hand swelling as well as vasal reactive

changes distally. If the diagnosis

is made early, these dystrophic

changes typically can be reversed

by elbow and hand exercises and

specific range-of-motion shoulder

exercises.

Postsurgical adhesive capsulitis is

not well understood. The symptoms

are similar to those of idiopathic ad-

hesive capsulitis. The condition ap-

pears to be more common in women

of northern European heritage with

fair skin and light hair color. Postsur-

gical adhesive capsulitis usually re-

sponds well to a gentle home-based

physical therapy program.

A substantial number of postsurgi-

cal shoulder infections are caused by

Propionibacterium acnes. The patients

most at risk have skin currently or

formerly affected by significant acne.

The perisurgical antibiotic of choice

for these patients is clindamycin.

Physical therapy is important

for complete postsurgical recovery.

However, recovery can be delayed

by overly aggressive passive range-

of-motion exercises or overly rapid

increases in exercise repetitions and

weights. A slow, gentle progression

of physical therapy is preferable to a

rapid progression, which can lead to

significant setbacks and increased

pain.

Psychosocial Issues
The rate of failure of clinical im-

provement after subacromial decom-

pression is significantly higher

among patients involved in pending

litigation or a workers’ compensation

claim. In these patients, a subacro-

mial decompression often fails to re-

lieve symptoms if the presurgical

mechanical or structural findings are

not clearly consistent with impinge-

ment syndrome or the clinical symp-

toms are not consistent with a diag-

nosis of impingement syndrome.

Atypical Impingement
Syndrome
Etiology
Atypical impingement syndrome

can have a structural or functional

etiology. The structural form may

involve an unstable os acromiale,

most commonly a mesoacromion,

or anterior shoulder pain secondary

to coracoid impingement. The

functional form can be caused by

glenohumeral internal rotation defi-

cit (GIRD), scapular malposition, or

scapular dyskinesis.

Structural Impingement
Os Acromiale
Os acromiale has been described as a

fibrocartilaginous union of the acro-

mial ossification centers; the report-

ed incidence ranges from 1.3% to

Figure 7 A patient with superomedial
shoulder instability.

Figure 6 Axial MRI showing lateral
soft-tissue thickening (arrow) with re-
sultant narrowed coracohumeral dis-
tance and subscapularis attenuation.
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30% of the general population.7-9

Two unrelated studies found an in-

cidence of 8% in the Hamann-Todd

Osteological Collection; approxi-

mately one third of the affected hu-

man skeletons had bilateral involve-

ment.8,9 These studies reported that

an os acromiale was twice as com-

mon among African Americans or

male specimens than among Cauca-

sians or females. Another study

found that as many as 62% of pa-

tients had bilateral involvement.10

The acromial apophysis develops

from four separate centers of ossifica-

tion: the base acromion, the meta-

acromion, the mesoacromion, and the

preacromion (Figure 8). Os acromi-

ale almost always is mesoacromial;

preacromial fragments occur infre-

quently, and meta-acromial involve-

ment is rare. Complete union of all

centers of ossification in the acromi-

on may not occur until age 25 years.

The symptoms of an os acromiale

frequently are similar to those of

subacromial or outlet impingement

syndrome; they can include difficul-

ty in reaching over the head or fully

extending the arm, nocturnal dis-

comfort, and mechanical symptoms

(especially with overhead or throw-

ing activity).11,12 The pain usually is

localized over the superior aspect of

the acromion, particularly if an un-

stable fragment is present. An

unstable os acromiale may cause

shoulder girdle weakness and gener-

alized rotator cuff dysfunction. An

os acromiale is unlikely to result

from trauma.
The physical examination reveals

positive impingement signs in con-

junction with palpable tenderness

over the os acromiale junction. The

patient frequently has a painful arc

of motion and difficulty in forward

elevation and abduction. Gross mo-

tion of the os acromiale may be evi-

dent. The assessment of rotator cuff

strength usually identifies general-

ized weakness in the anterosuperior

cuff region. The impingement signs

may be relieved by a diagnostic sub-

acromial injection, but the localized

tenderness over the os acromiale

may not be relieved. Kurtz and asso-

ciates13 found that an injection into

the os acromiale site may be more

useful in diagnosing an unstable

mesoacromion than the standard

impingement test injection.

The initial imaging should in-

clude a radiographic series. The axil-

lary view (Figure 9) is the most im-

portant because an os acromiale can

be seen as a radiolucent line through

the region of the acromion. The

outlet view may reveal a radiolucent

line at the junction between the an-

terior one third and posterior two

thirds of the acromion. It is difficult

to see an os acromiale on an AP

view. MRI often reveals increased

fluid and edema at the os acromiale

site, indicating gross motion or in-

stability (Figure 10). Hypertrophic

changes also may appear on the su-

perior or inferior surface at the in-

terfragmentary junction. CT can re-

veal the smooth edges around the

segments that suggest an os acromi-

ale (Figure 11). The presence of an

unstable os acromiale also can be re-

vealed by technetium TC 99m bone

scanning, which shows increased

uptake in the region of the acromi-

on.14

The initial treatment of a symp-

tomatic os acromiale includes a

physical therapy program focused

on rotator cuff and scapular stabili-

zation. A corticosteroid injection to

the subacromial space and possibly

Figure 8 Drawing of the centers of ossification. BA = base acromion, MSA = meso-
acromion, MTA = meta-acromion, PA = preacromion. (Reproduced with permission
from Mudge MK, Wood VE, Frykman GK: Rotator cuff tears associated with an os ac-
romiale. J Bone Joint Surg Am 1984;66:427-429.)

Figure 9 Axillary radiograph showing
mesoacromial fragment.

Figure 10 Sagittal MRI scan showing
fluid and edema at the mesoacromial site.
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the os acromiale site may provide

significant relief of symptoms and

preclude the need for surgical inter-

vention. In general, nonsurgical

treatment should be used for 3 to

6 months before surgical treatment,

although surgery may be considered

sooner if the patient has a concomi-

tant full-thickness rotator cuff tear.

The reported frequency of associ-

ated rotator cuff pathology is as high

as 50% in patients with an unstable

os acromiale.14,15

The surgical options for treating

an unstable os acromiale include

open fragment excision, open re-

duction and internal fixation (with

or without bone graft augmenta-

tion), arthroscopic subacromial de-

compression, and arthroscopic frag-

ment excision. Open fragment

excision usually is not recom-

mended for an unstable mesoacro-

mion. Multiple studies found that

open fragment excision resulted in

pain, weakness, and deltoid dehis-

cence or dysfunction.14,16,17

Open reduction and internal fixa-

tion is a successful method of

treatment.14,15,18-20 The principles as-

sociated with successful outcome and

bony union include applying a rigid

construct and limiting the extent of

anterior deltoid takedown to preserve

acromial vascularity. A transacromial

approach was described as a method

of preserving the acromial soft-tissue

envelope and blood supply.13 Can-

nulated screw fixation can be done

with either a headless screw device

or a partially threaded cannulated

screw, with tension band augmenta-

tion using nonabsorbable suture or

small-gauge wire (Figure 12). Bone

graft augmentation often is useful,

either as perpendicular bone graft-

ing at the nonunion or grafting to

the mesoacromial site using bone

from the greater tuberosity. The use

of demineralized bone matrix also

has been described.13 Tension band

augmentation of the cannulated

screw fixation stabilizes the bone

graft. Cannulated screw and tension

band constructs have achieved ex-

cellent union rates in conjunction

with bone graft augmentation.15

Arthroscopic subacromial de-

compression for an unstable os acro-

miale was found to prevent the

complications associated with open

reduction and internal fixation,

which include nonunion, the need

for hardware removal, and deltoid

dysfunction.21,22 Studies reporting

only arthroscopic decompression

found that the results were less fa-

vorable than those of arthroscopic

complete excision because partial

excision of the os acromiale was in-

adequate for eliminating the site of

pain.21,22 Other studies reported ex-

cellent functional outcomes and

pain relief when standard arthro-

scopic techniques were used for ex-

tensive fragment excision, while

maintaining the integrity of the del-

toid periosteum and CA ligament

confluence.23,24 Isokinetic testing

demonstrated that rehabilitation af-

ter arthroscopic fragment excision

had restored symmetric strength.24

The surgical treatment of an os

acromiale is determined by the re-

quirements of concomitant patholo-

gy. If there is no full-thickness

rotator cuff tear, preacromial or me-

soacromial fragments can be safely

and effectively excised using an ar-

throscopic technique. The technical

considerations include the necessity

Figure 11 Axial CT scan showing an os
acromiale.

Figure 12 Drawing showing open reduction and internal fixation of the mesoacro-
mion. Parallel headless screw fixation is used with a tension band technique and
bone graft augmentation. (Reproduced with permission from Ortiguera CJ, Buss DD:
Surgical management of the symptomatic os acromiale. J Shoulder Elbow Surg 2002;
11:521-528.)

Shoulder and Elbow
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of avoiding disruption of the deltoid

periosteum and maintaining the

confluence of the CA ligament and

deltoid fascia. If a partial-thickness

or small or medium-size full-

thickness tear is present, arthroscop-

ic fragment excision can be com-

bined with arthroscopic rotator cuff

repair. A miniopen repair requires

great care when the deltoid split is

retracted because the deltoid perios-

teum can easily be disrupted, often

resulting in a poor outcome.

Open reduction and internal fixa-

tion of an unstable mesoacromion

should be strongly considered if a

large rotator cuff tear is present, re-

gardless of whether the tear can be

repaired. The overall goal is to

maintain the integrity of the CA

arch. Cannulated screw fixation,

with or without tension band wiring

and bone graft augmentation, can

achieve union and return of func-

tion. Transacromial approaches and

deltoid takedown approaches have

been described with successful re-

sults.25 Meticulous repair of the del-

toid with transosseous fixation

should be considered if an anterior

deltoid takedown is done. Open ex-

cision of the fragment must be

avoided; the only exception is a sal-

vage procedure after failed open re-

duction and internal fixation, often

with concomitant hardware failure

and os acromiale fragment commi-

nution.

Coracoid Impingement
Patients with coracoid impingement

frequently report anterior shoulder

pain. The true etiology of coracoid

impingement has not been described,

although studies suggested that sub-

coracoid impingement and pain are

caused by impingement of the sub-

scapularis tendon between the lesser

tuberosity and the coracoid

process.26-28 Despite the extensive at-

tention to the contribution of the CA

arch to subacromial impingement,

Gerber and associates28,29 described

coracoid impingement as a primary

contributor to anterior shoulder

pain as well as resultant pathology of

the rotator cuff and the long head of

the biceps. Subsequent studies more

accurately described anatomic varia-

tions of the coracoid and the contri-

bution of coracoid impingement to

rotator cuff pathology.26,30-33

A patient with coracoid impinge-

ment usually has anterior shoulder

pain localized near the lateral aspect

of the coracoid and the coraco-

humeral interval. The patient often

has discomfort with cross-body ac-

tivities such as driving or writing on

a chalkboard or overhead activities

such as throwing or tennis serving.

The pain may radiate into the region

of the biceps distally toward the el-

bow. Coracoid impingement can oc-

cur with typical outlet or subacro-

mial impingement, and symptoms

of those conditions may be present.

The physical examination reveals

palpable tenderness in the region of

the coracohumeral interval. The co-

racoid can be tender to palpation in

the absence of pathology, and there-

fore coracoid tenderness alone does

not indicate coracoid impingement.

Palpation of the biceps within the

groove proximally may produce dis-

comfort. Subscapularis testing, in-

cluding the belly press and lift-off

tests, may cause pain, and manual

muscle testing involving the sub-

scapularis may reveal weakness. A

Hawkins impingement test with a

cross-body component frequently

elicits localized pain in the anterior

aspect of the shoulder near the cora-

coid region. Biceps tests, including

the Speed test and Yergason active

compression test, may be positive if

the patient has associated biceps pa-

thology.

CT is extremely useful for evalu-

ating the bony elements of the cora-

coid and surrounding struc-

tures.6,29,30 However, MRI is more

sensitive and specific for evaluating

adjacent soft-tissue lesions. Com-

puterized digital measurement tools

can be used in a clinical setting with

CT or axial MRI studies to easily

and consistently identify three sim-

ple measurements (Figure 13). The

coracoid overlap is the perpendicu-

lar distance between the most prom-

inent tip of the coracoid to the line

representing the plane of the glenoid

fossa. The coracoid index is mea-

sured in a similar fashion, but the

point of reference is the base of the

coracoid. The coracohumeral dis-

tance or coracohumeral interval is

the shortest distance between the

coracoid process and the subchon-

dral bone of the humeral head. Al-

though no specific parameters have

been established for these measure-

ments, anecdotal evidence suggests

that a coracohumeral interval of less

than 10 mm may create a predisposi-

tion to coracoid impingement. Co-

racoid overlap and a coracoid index

of more than 15 to 20 mm also may

contribute to progressive coracoid

impingement.

The anterosuperior rotator cuff,

including the subscapularis and the

rotator cuff interval, should be eval-

uated to identify any concomitant

pathology,26,33,34 which will affect

the choice of an open or arthroscop-

ic surgical approach. The conjoined

tendon frequently is thickened at its

confluence with the CA ligament

along the lateral aspect of the cora-

coid tip, and this condition may

contribute to the soft-tissue compo-

nent of coracoid impingement (Fig-

ure 6). A similarly thickened CA lig-

ament is identified with subacromial

impingement.
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The treatment of coracoid im-

pingement syndrome is similar to

that of subacromial impingement:

avoidance of aggravating activities,

including cross-body motions; and a

standard rehabilitation program fo-

cusing on scapular stabilization, rota-

tor cuff strengthening, and correc-

tion of any pectoralis major

contracture. It is important to evalu-

ate the scapula because scapular mal-

position can have a role in functional

coracoid impingement. A subcora-

coid injection can provide pain relief.

If the symptoms persist despite

appropriate nonsurgical treatment,

the lateral coracoid tip can be ex-

cised. Good results have been ob-

tained using an open or arthroscopic

subcoracoid decompression tech-

nique.30,33,35 An arthroscopic ap-

proach carries little risk of injury to

adjacent neurovascular and soft-

tissue structures.6,36 Presurgical im-

aging of the coracoid morphology

can be useful in estimating the re-

quired extent of coracoid excision

and determining whether an arthro-

scopic or open approach should be

used. If resection of more than 10

mm of the coracoid tip is required,

an open coracoid decompression al-

lows the conjoined tendon to be ap-

proximated, with transosseous fixa-

tion into the residual coracoid.

Transosseous fixation can prevent

soft-tissue dehiscence in the area of

the conjoined tendon and decrease

the risk of subcoracoid soft-tissue

adhesions and scarring.

Concomitant pathology, such as a

subscapularis tear or long head of

the biceps abnormality, often can be

repaired using a standard deltopec-

toral approach, with a concurrent

open coracoid decompression and

conjoined tendon repair. A rotator

cuff interval approach, as described

by Kleist and associates6 and Lo and

associates,33 can be used for arthro-

scopic coracoid decompression. The

surgeon’s preference is important in

the choice of an arthroscopic or

open approach.

Functional Impingement
Glenohumeral Internal
Rotation Deficit
Symptomatic functional impinge-

ment caused by a GIRD and scapular

dysfunction most commonly occurs

in athletes. A GIRD typically results

in an altered range of motion, in

which there is loss of internal rotation

compared with the contralateral side.

Several possible etiologies have been

described, including microtrauma to

the static and dynamic constraints of

the glenohumeral joint from repeti-

tive overhead throwing, contracture

of the posteroinferior joint capsule,

and osseous or bony adaptation of the

proximal humerus to the effects of re-

petitive throwing and torsion.37-40

The loss of internal rotation ulti-

mately results from contracture and

thickening of the posteroinferior

portion of the glenohumeral joint

capsule, which is the focus of stress

during the deceleration phase of the

overhead throwing motion. Two

studies found that GIRD and subse-

quent mechanical alterations can

lead to internal impingement and

secondary subacromial impinge-

ment.39,41 An overhead athlete with

shoulder discomfort should be as-

sessed for GIRD. Posterior capsular

contracture can occur in a patient

who has concomitant rotator cuff

pathology or subacromial impinge-

ment or has undergone shoulder

surgery. Prompt nonsurgical treat-

ment often relieves symptoms and

prevents further injury for a patient

with functional impingement.

The physical examination find-

ings for a patient with GIRD may be

typical of subacromial or internal

impingement, including positive

impingement signs, a positive active

compression test, and weakness of

Figure 13 Axial CT scans showing coracoid overlap (A), coracoid index (B), and coracohumeral distance—cd (C). (Repro-
duced with permission from Kleist KD, Freehill MQ, Hamilton L, Buss DD, Fritts H: Computer tomography analysis of the cora-
coid process and anatomic structures of the shoulder after arthroscopic coracoid decompression: A cadaveric study. J Shoulder El-
bow Surg 2007;16:245-250.)
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the rotator cuff on manual muscle

testing. Internal and external rota-

tion can be reliably assessed with the

patient supine or in the side-lying

(lateral decubitus) position. In the

supine position, the patient’s scapula

is stabilized against the examination

table, and the shoulder is brought

into full external rotation with the

arm off the side of the table and then

into full internal rotation until a

firm end point is identified. In the

side-lying position, the scapula is

stabilized, and the arm is brought

into 90° of forward flexion while

resting against the examination ta-

ble, then externally rotated superi-

orly and inferiorly to assess the ex-

tent of internal rotation (Figure 14).

This motion is compared with that

of the contralateral side to deter-

mine the total arc of motion as well

as internal and external rotation. In

an asymptomatic overhead athlete, a

GIRD typically is measured at 10° to

15°.38,40,42 In contrast, throwing

athletes with significant shoulder

symptoms were found to have a

GIRD of more than 20°, with con-

tinual shoulder pain and a type II su-

perior labrum anterior and posterior

lesion.38,42,43

A GIRD is initially treated with an

aggressive program of posterior cap-

sular stretching, in which standard

stretching is combined with proprio-

ceptive neuromuscular facilitation to

stretch the rotator cuff contributor to

the loss of internal rotation. This pro-

gram is done in conjunction with a

program for scapular stabilization,

core stabilization, and rotator cuff

strengthening. Nonsurgical treat-

ment of a GIRD has an excellent suc-

cess rate when begun early.43,44

Continuing the stretching exercises

for 2 to 3 years was found to offer

long-term gains in internal rotation

as well as decreased shoulder and el-

bow symptoms in major league

pitchers.43

Posterior capsular tightness that

is not resolved by nonsurgical treat-

ment can be surgically treated. Suc-

cessful outcomes were described af-

ter arthroscopic posterior capsular

release in conjunction with débride-

ment or repair of associated capsulo-

labral pathology.39,41

Scapular Dysfunction
Scapular dysfunction and malposition

are significant causes of ongoing

shoulder girdle pain and dysfunction.

As the ability to assess scapular mo-

tion and function has advanced, dif-

ferent alterations in scapular move-

ment have been identified,2,45 as

well as specific treatment regimens.

The form and pattern of scapular

dyskinesis are dictated by alterations

in the stabilizing functions of the

upper and lower trapezius and the

serratus muscles. The three com-

mon patterns of scapular dyskinesis

are inferomedial, medial, and su-

peromedial border prominence

(Figure 15). Scapular dysfunction,

including inflexibility of the pecto-

ralis minor and generalized weak-

ness and fatigue of the periscapular

muscles, can result from inhibition

secondary to pain in the shoulder

girdle region.

Neurologic assessment should be

routine for a patient with significant

alteration in scapular function. Inju-

ry to the long thoracic or spinal ac-

cessory nerve can lead to paralysis of

the serratus anterior or trapezius, re-

spectively. Although nonsurgical

Figure 14 Assessment of internal rota-
tion with patient in the side-lying (lateral
decubitus) position.

Figure 15 A prominent inferomedial
border dorsally at rest (A), a prominent
entire medial border dorsally at rest (B),
and a superior border elevated and scap-
ula anteriorly displaced at rest (C). (Re-
produced with permission from Kibler
WB, Uhl TL, Maddux JW, Brooks PV,
Zeller B, McMullen J: Qualitative clini-
cal evaluation of scapular dysfunction: A
reliability study. J Shoulder Elbow Surg
2002;11:550-556.)
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treatment of scapular dysfunction

frequently is successful, surgical in-

tervention may be required if symp-

toms persist more than 12 to

24 months. A tendon transfer can be

used to stabilize the scapula. Painful

inhibition after injury to the gleno-

humeral joint or AC joint also

can lead to an altered muscle acti-

vation pattern. Glenohumeral in-

stability and rotator cuff injury

can alter scapulohumeral rhythm,

which improves after surgical treat-

ment.46

All causative factors must be iden-

tified before scapular dysfunction is

treated. Surgical intervention may be

required to restore normal scapular

kinematics after an injury to the gle-

nohumeral joint, rotator cuff, or

shoulder girdle suspensory areas, in-

cluding the AC joint and the distal

clavicle. Patients with specific muscle

imbalance and inflexibility are treated

using a rehabilitation program that in-

cludes posterior capsular stretching

exercises for an associated GIRD and

anterior stretching for any pectoralis

minor contracture. Core strengthen-

ing exercises should be initiated in

conjunction with general trunk flex-

ibility exercises. In addition, closed-

chain kinetic exercises, scapular stabi-

lization exercises, and rotator cuff

strengthening exercises should be

progressively used in combination.

The core strengthening and peri-

scapular strengthening program

usually should precede any distal

rotator cuff program because scapular

stability must be established before

specific glenohumeral mechanics, to

avoid exacerbating impingement-type

symptoms.47

Summary
Typical and atypical impingement

syndromes are common causes of

shoulder pain. An appropriate histo-

ry and physical examination, with

judicious use of diagnostic testing,

allow an accurate diagnosis of a rota-

tor cuff disorder. An appropriate

treatment regimen can be prescribed

after the type of impingement syn-

drome is determined.
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