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Throwing Motion 

6 phases (Fleisig, et al. 1996) 

1) Windup 

2) Early cocking / Stride 

3) Late cocking 

4) Acceleration 

5) Deceleration 

6) Follow through 

 



Windup 

Elevation of  lead leg to 

highest point 

Separation of  throwing and 

glove hands 

 

Seroyer et al. 1999 



Early cocking and stride 

Begins at lead leg max height 

and ends at stride foot contact 

Early shoulder abduction and 

external rotation 

 

Seroyer et al. 1999 



Late cocking 

Begins with foot contact  

Ends with maximal abduction 

and external rotation of  the 

shoulder 

 

 

 

 

 

Seroyer et al. 1999 



Acceleration 
Between maximum external 

rotation and ball release 

Rapid horizontal adduction and 

internal rotation of  the humerus 

Internal rotation velocities up to 

7000o/sec (Fleisig et al 1994) 

Possibly fastest motion in all of  

sport 

 

 

 

Seroyer et al. 1999 



Deceleration 

Most violent phase 

Between ball release and 

maximum humeral internal 

rotation 

Arm outstetched towards home 

plate 

Biceps and brachialis  

Decelerating elbow extension 

Large distraction forces on 

posterior soft tissue structures of  

the glenohumeral joint 

Up to 80% of  body weight 

 

 

 

 

 

Seroyer et al. 1999 



Follow Through 

Between maximum 

adduction and internal 

rotation and arm coming 

to rest 

Ends with pitcher in the 

fielding position 

Seroyer et al. 1999 



External Rotation Set Point 
Pitch velocity  

Proportional to internal rotation 

velocity of  the humerus during 

acceleration phase  

Increased maximum external rotation 

during late cocking phase 

Increased distance for accelerating 

forces to act 

“The slot” 

Proprioceptive sense of  the external 

rotation set point needed to obtain 

maximum velocity 

 

 

 

 

 

 

The External Rotation Set Point

Maximum internal rotation velocity in the elite

pitcher is approximately 7,000°/second, perhaps the

fastest human motion in all of sport.39 In the tennis

serve, researchers have shown that the greatest con-

tribution to racket head speed at ball impact is pro-

duced by internal rotation of the shoulder.40,41 We

know that other contributions from forces and inter-

active moments at various points within the kinetic

chain are important,42 but maximizing internal rota-

tion velocity is of extreme importance to the

thrower.43

The most effective way to maximize internal rota-

tion velocity is to maximize the arc of rotation by

means of hyperexternal rotation in late cocking. The

longer the arc of rotation through which angular ac-

celeration is achieved, the greater the velocity of the

hand, and therefore the greater the velocity of the

baseball at ball release.

High-level pitchers appear to have a set point of

external rotation that they know they must achieve to

throw hard. Elite pitchers have a proprioceptive sense

of reaching their set point of external rotation, which

they call the slot. They know that if they cannot reach

the slot, they will not be able to throw with their

maximum velocity. If the glenohumeral contact point

shifts, as it does with a tight posteroinferior capsule,

the successful pitcher will be able to externally rotate

back to his set point even more effectively. The teth-

FIGURE 12. These baseball pitchers, in the late cocking phase of
throwing, have maximized their external rotation.

FIGURE 13. The rotator cuff can be considered as a collection of
fiber bundles that undergo significant torsional and shear stresses as
the shoulder internally and externally rotates.

FIGURE 14. Torsional overload with repetitive hypertwisting of
rotator cuff fibers occurs on the articular surface of the rotator cuff,
the most common location of cuff failure in the thrower.
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External Rotation Set Point 

Soft tissue and osseous adaptations allow increased external rotation in 
late cocking 

Evenutally some of  these adaptations may lead to pathology and “dead 
arm” 

 

 

 

 

 



Dead Arm 

“Any pathologic shoulder condition in which the thrower is 

unable to throw with preinjury velocity and control because 

of  a combination of  pain and subjective unease in the 

shoulder.” (Burkhart et al 2003) 

Discomfort typically late cocking/early acceleration phase 

Sudden sharp pain and arm “goes dead” 

Mysterious etiology 

Psychopathology, posterior glenoid calcs, acromial osteophytes, 

CA ligament impingement, rotator cuff, biceps tendon, AC 

joint, microinstability, internal impingement, SLAP 



Posterosuperior impingment 

Walch et al first described impingement of  
undersurface of  posterosuperior rotator cuff  
between greater tuberosity and 
posterosuperior glenoid and labrum with 
ABER. 

Contact can be physiologic in ABER 

Spectrum of  pathologic findings 

Undersurface tears of  the posterior 
supraspinatus and anterior infraspinatus 
where impingement occurs 

Posterosuperior labral tears 

Cystic changes and sclerosis posterior greater 
tuberosity and posterosuperior humeral head 
and posterior glenoid 

 

 

expanded spectrum of injury to the rotator cuff, gle-

noid labrum, and even bone. He also hypothesized that

the internal impingement in throwers might progres-

sively worsen because of gradual repetitive stretching

of the anterior capsuloligamentous structures. This

theory of anterior microinstability aggravating internal

impingement lent credence initially to treating this

problem using anterior capsulolabral reconstruction,

although the results of this treatment for throwing

athletes were unpredictable.20,21

Halbrecht et al.22 disagreed with this premise of

anterior instability aggravating internal impingement

and showed that an unstable shoulder that is subluxed

anteriorly will have less contact with the posterosupe-

rior glenoid (internal impingement) than it has in the

reduced position. Instead of worsening internal im-

pingement, Halbrecht et al.22 discovered that anterior

instability would lessen it, thereby casting doubt on

Jobe’s premise of instability as a pathologic culprit.

We explain in this review why we believe that internal

impingement is a normal phenomenon in all shoulders

and is not usually a part of the pathology in the

disabled throwing shoulder.

THE ROLE OF THE POSTEROINFERIOR

CAPSULE: POSTEROINFERIOR CAPSULAR

CONTRACTURE WITH RESULTANT

GLENOHUMERAL INTERNAL ROTATION

DEFICIT AND ITS RELATIONSHIP

TO SUPERIOR INSTABILITY

AND SLAP LESIONS

For many years, researchers have documented that

the throwing shoulder acquires increased external ro-

tation in abduction over time compared with the non-

throwing shoulder.15,20,23-26 As an adaptive phenome-

non, this increase in external rotation has been

attributed by some authors to repetitive “micro-

trauma” to the anterior capsule produced in the cock-

ing phase of throwing. If excessive, this microtrauma

produces symptomatic anterior instability and presents

as the dead arm syndrome.15,20,23-26 We believe that

any stretching of the anterior structures that occurs is

on the basis of hyperexternal rotation and hyperhori-

zontal abduction, rather than a true anterior instability

pattern. We believe that the most important pathologic

process that occurs in throwers is a loss of internal

rotation in abduction. In symptomatic throwing shoul-

ders, this loss far exceeds the external rotation gain.27

We propose that an acquired internal rotation loss

caused by a posteroinferior capsular contracture is the

essential lesion that secondarily results in increased

external rotation. This can be with or without anterior

capsular stretching, which may occur as a tertiary

problem.19,27,28

Glenohumeral internal rotation deficit (GIRD) is

defined as the loss in degrees of glenohumeral internal

rotation of the throwing shoulder compared with the

nonthrowing shoulder. By convention, glenohumeral

rotation is measured with the patient supine, the shoul-

der abducted 90° in the plane of the body, and the

scapula stabilized against the examination table by

downward pressure applied by the examiner to the

anterior aspect of the shoulder (Fig 3). Alternatively,

the examiner may stabilize the scapula with the patient

sitting. Using these methods, internal and external

rotation is measured with a goniometer to the point of

glenohumeral rotation where the scapula just starts to

move on the posterior chest wall.

FIGURE 2. In abduction and external rotation of the shoulder, the
greater tuberosity abuts against the posterosuperior glenoid, entrap-
ping the rotator cuff between the 2 bones. (*) This has been dubbed
internal impingement. (A, anterior; P, posterior; C, glenohumeral
center of rotation.)
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Posterosuperior impingment 

Jobe applied this concept to throwing 

shoulder  

Repetitive ABER in late cocking phase 

Proposed stretching of  anterior 

capsuloligamentous structures in 

throwers leads to progression 

 

 

Halbrecht et al 1999 



Posterosuperior impingment 

Halbrecht et al. 1999 

10 asymptomatic college baseball players 

Bilateral shoulder MR arthrograms 

Contact between cuff  undersurface and 

posterosuperior labrum in ABER 

Throwing and non-throwing shoulders 

Likely physiologic 

Throwing shoulders only 

3 posterosuperior labral tears 

2 cuff  tears and 2 others with tendinosis 

2 posterosuperior humeral head and posterior 

glenoid cystic changes 

No correlation with anterior instability 

 
Halbrecht 1999 



MRI of  Posterosuperior impingment 

Giaroli et al, AJR 2005 

6 patients surgically confirmed PSI 

4 baseball, 1 tennis, 1 swimmer 

15 control patients  

100% cases 

Abnormal PS labrum vs 13% controls 

Abnormal cuff  undersurface vs 27% 

Cyst like changes in humeral head vs 27% 

Cyst like changes 

More posterior than typically seen 

with cuff  pathology 

 

 

 



MRI of  Posterosuperior impingment 

22 year old professional pitcher with stiffness and normal pitching velocity 

Courtesy of   Brady Huang, MD 



MRI of  Posterosuperior impingment 

16 year old female swimmer 

Courtesy of   Brady Huang, MD 



GIRD 
Glenoid internal rotation deficit 

Loss in degrees of  glenohumeral internal rotation compared with the non-throwing shoulder 

GIRD in symptomatic shoulders generally > 25o 

 Loss of  internal rotation far exceeds gain in external rotation 

Caused by posteroinferior capsular contracture 

Burkhart favors GIRD as initiating a cascade eventually leading to SLAP lesions and dead 
arm 

 

 

A series of 124 baseball pitchers with arthroscopi-

cally proven symptomatic type 2 SLAP lesions treated

by one of the authors (C.D.M.) all had preoperative

severe GIRD in their throwing shoulders. In this

group, which included 40 professional, 43 college,

and 41 high school pitchers, the average GIRD was

53° with a range from 25° to 80°. These findings are

particularly striking when compared with an average

GIRD of only 13° preseason and 16° postseason found

in 19 asymptomatic dominant shoulders of profes-

sional baseball pitchers measured during spring train-

ing and at the end of the 2000 major league baseball

season (P. Donley, J. Cooper, personal communica-

tion, November 2000).

Others researchers have reported similar findings

regarding the association of GIRD with the develop-

ment of shoulder problems in the overhead throwing

athlete. In 1991, Verna27 was the first to recognize the

relationship of GIRD with shoulder dysfunction in the

throwing athlete. He followed up 39 professional

pitchers during a single baseball season. These pitch-

ers were identified at spring training to have 25° or

less of total internal rotation (GIRD, 35° or more in

each of these pitchers) and found that 60% developed

shoulder problems requiring them to stop pitching

during the study period.

Similarly, one of the authors (W.B.K.),29 in a series

of 38 arthroscopically proven symptomatic type 2

SLAP lesions in overhead athletes, found significant

GIRD in all cases (average GIRD, 33°; range, 26° to

58°). In another study, the same author (W.B.K.)30

prospectively evaluated high-level tennis players fol-

lowed up for 2 years who were divided into 2 groups.

One group performed daily posterior inferior capsular

stretching to minimize GIRD, and the other (control)

group did not stretch. Over the 2-year study period,

those who stretched significantly increased internal

rotation and total rotation compared with the control

group. In addition, those in the stretching group had a

38% decrease in the incidence of shoulder problems

compared with the control group.

Finally, Cooper manually stretched 22 major league

level pitchers daily to minimize GIRD to less than 20°

during the 1997, 1998, and 1999 professional baseball

seasons (J. Cooper, personal communication, Decem-

ber 1999). During those seasons, he reported no in-

nings lost, no intra-articular problems, and no surgical

procedures in the study group. These reports clearly

establish that a prophylactic focused posteroinferior

capsular stretching program is successful in minimiz-

ing GIRD and is effective in preventing secondary

intra-articular problems, particularly posterior type 2

SLAP lesions.

In our experience, approximately 90% of all throw-

ers with symptomatic GIRD (greater than 25°) will

respond positively to a compliant posteroinferior cap-

sular stretching program and reduce GIRD to an ac-

ceptable level. An acceptable level is defined as (1)

less than 20° or (2) less than 10% of the total rotation

seen in the nonthrowing shoulder. This goal can usu-

ally be accomplished over 2 weeks with the use of

“sleeper stretches” (Fig 4).

Conversely, 10% of throwers do not respond to

stretching. These individuals tend to be older elite

pitchers who have been throwing for years, from little

league to major league. Those who fail the stretching

FIGURE 3. (A) Internal rotation is measured with the patient’s shoulder in 90° abduction and the elbow in 90° flexion while the examiner
stabilizes the scapula. The endpoint of internal rotation is taken as the point at which the scapula begins to rotate posteriorly. (B) External
rotation is also measured while stabilizing the scapula. Note that the neutral position (0°) is that in which the forearm is perpendicular to the
patient’s body (12 o’clock position in the supine patient).
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GIRD 
Clinical evidence 

60% of  39 professional pitchers with at least 35o GIRD developed 

shoulder problems requiring them to stop pitching (Verna 1991) 

Morgan treated 124 pitchers with arthroscopically proven SLAP 2 

lesions – all had severe GIRD 

Kibler found severe GIRD in all 38 overhead athletes treated for 

proven Type 2 SLAP 

Donley and Cooper found asymptomatic ptichers only 13o GIRD 

preseason and 16o GIRD posteseason 

Kibler found decreased GIRD and 38% decrease in shoulder 

injuries in a group of  tennis players who performed daily posterior 

capsular stretching compared with control group 

PSI normal phenomenon and is not etiology of  dead arm 

 

 



Pathologic Cascade 

Posteroinferior capsular contracture – GIRD 

Shift glenohumeral contact point in ABER 

Hyper-external rotation in ABER 

Increased shear forces on the biceps anchor and 

posterosuperior labrum  

Peel back mechanism 

Type II SLAP tear 

Increased shear and torsional stress on posterosuperior cuff 

Undersurface rotator cuff  tears 

Burkhart et al 2003 



SLAP Tear 
Superior Labrum anterior to posterior  

Snyder Classification 

Type I: Fraying 

Type II: Tear of  biceps labral complex 

Type III: Bucket handle tear 

Type IV: Bucket handle tear with extension to Biceps 

Morgan Type II subtypes 

IIA: anterior extension 

IIB: posterior extension 

IIC: anterior and posterior extension 

nonresponse to nonoperative treatment.1,2 All the type

2 SLAP lesions were located over the posterosuperior

quadrant of the glenoid (posterior SLAP) or over the

posterosuperior and anterosuperior quadrants (com-

bined anteroposterior SLAP) (Fig 1). Arthroscopic

repair of these type 2 SLAP lesions returned 87% of

these athletes to the preinjury level of performance

and velocity.

One must recognize that, historically, the cause of

the dead arm has been somewhat mysterious and

elusive. It was variously characterized as a disorder

caused by psychopathology,3 posterior glenoid calci-

fications,4,5 acromial osteophytes,6 coracoacromial

ligament impingement,7,8 rotator cuff problems,9 bi-

ceps tendinitis,10 acromioclavicular joint dysfunc-

tion,11 microinstability,12,13 internal impingement,14,15

and SLAP lesions.1,2,15-19

Tibone et al.6 evaluated the results of open acro-

mioplasty in throwing athletes and found that only

22% returned to their preinjury levels of competition.

Jobe et al.13 described impingement-instability over-

lap. They postulated that repetitive throwing gradually

stretches out the anterior capsuloligamentous com-

plex, allowing anterosuperior migration of the hu-

meral head during throwing, thus causing subacromial

impingement symptoms and the inability to throw

hard. They reported some success with open capsulo-

labral reconstruction (50% return to pitching for one

season or more in a report of 12 pitchers), but indica-

tions for this procedure were vague.20 A later report on

capsulolabral reconstruction by Rubenstein et al.21

stated that 77% of 22 pitchers were able to return to

pitching for at least one season, but that only 15 of the

22 pitchers (68%) had an excellent result.

Andrews et al.10 first observed anterosuperior gle-

noid labrum tears in throwing athletes and arthro-

scopically debrided them. Snyder et al.17 subsequently

described SLAP lesions in the general population, but

did not specifically relate them to overhead athletes.

Our clinical experience with the dead arm syndrome

has confirmed our hypothesis that SLAP lesions are

the most common pathologic entities associated with

this problem.1,2,19 Our 87% rate of successful return to

preinjury performance levels for 2 seasons or more in

throwers1 is much higher than the reported success

rate of open anterior capsulolabral repairs (50% to

68% return to previous sport for one season or more,

with no criteria for performance level).20,21 Further-

more, we believe that the pseudolaxity associated with

SLAP lesions has led to the erroneous diagnosis of

microinstability in many cases, prompting ill-advised

instability surgery in patients who had unrecognized

SLAP lesions that went unrepaired. We suspect that

the reason that capsulolabral repair ever worked is that

it serendipitously tightened the anterior structures to

“match” the pathologic tightness of the posteroinferior

capsule present in throwing athletes with SLAP le-

sions. We also suspect that postoperative rehabilita-

tion stretched the anterior and posterior structures

equally, thereby allowing a return to more normal

throwing mechanics.

Internal Impingement

Walch et al.14 described internal impingement as an

intra-articular impingement that occurs in all shoul-

ders in the abducted externally rotated position. In this

90°-90° position, the undersurface of the posterosupe-

rior rotator cuff contacts the posterosuperior glenoid

labrum and may become pinched between the labrum

and greater tuberosity (Fig 2). Jobe15 applied this

observation to the throwing athlete and described an

FIGURE 1. Three subtypes of
type 2 SLAP lesions, desig-
nated by anatomic location: (A)
anterior, (B) posterior, and (C)
combined anteroposterior.
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Posteroinferior Capsular Contractrion 

Large distraction forces on 

posteroinferior capsule during 

deceleration (750N, 80% BW) 

Repetitive tensile loading leads to 

posteroinferior capsular hypertrophy 

GIRD results 

 

 

We suspect that the limited success of the Jobe

anterior capsulolabral repair in some throwers has

been due to its ability to create an anteroinferior

capsular contracture that matched the posteroinferior

capsular contracture, thereby reducing the posterosu-

perior shift of the glenohumeral contact point that

begins the pathologic cascade to the dead arm. During

postoperative rehabilitation, patients with these inju-

ries would begin with a symmetrically over-tightened

shoulder that could then be symmetrically stretched

during rehabilitation. Although such an approach can

be successful, the morbidity is significantly greater

and the predictability is much lower than with our

approach.

Associated Rotator Cuff Tears

We found rotator cuff tears in 31% of throwers with

SLAP lesions1; 38% of these tears were full thickness

and 62% were partial-thickness. The full-thickness

tears were located in the midportion of the rotator

crescent, with varying degrees of anterior and poste-

rior extension. The partial-thickness cuff tears were in

lesion-specific anatomic locations; that is, the anterior

SLAP lesions were associated with partial-thickness

articular-surface rotator cuff tears in the anterior por-

tion of the rotator crescent, and the posterior SLAP

lesions were associated with partial-thickness articular

surface rotator cuff tears in the posterior portion of the

rotator crescent.
Because of the location specificity of the partial-

thickness cuff tears, we believe that repetitive tensile

loading of specific areas of the cuff may occur caused

by superior subluxation of the humerus in combina-

tion with repetitive torsional loading from hyperexter-

nal rotation. For posterior type 2 SLAP lesions, we

believe that the humerus subluxes posterosuperiorly

because of the break in the labral ring, repetitively

producing high tensile forces in the posterosuperior

cuff. These forces may ultimately contribute to tearing

of the rotator cuff tear. In addition, the hypertwist

phenomenon caused by hyperexternal rotation of the

shoulder can lead to torsional and shear overload with

fatigue failure of cuff fibers in this same area of the

posterosuperior cuff (Fig 14).

THE ULTIMATE CULPRIT

We believe that the culprits in development of the

dead arm are (1) a tight posteroinferior capsule caus-

ing a GIRD and a shift in the glenohumeral rotation

point; (2) peel-back forces causing the SLAP lesion;

(3) hyper-external rotation of the humerus because of

a reduction in the humeral cam effect on the anterior

capsule and clearance of the greater tuberosity over

the glenoid rim through a larger arc of external rota-

tion before internal impingement occurs; and (4) scap-

ular protraction. Of these, the ultimate culprit that

starts the pathologic cascade is the tight posteroinfe-

rior capsule. If we could prevent this from developing,

we could prevent the dead arm.

What causes the tight posteroinferior capsule? We

believe that the most likely explanation is that the

thickening and contracture of the posteroinferior cap-

sule occurs in response to the loads that act on it

during follow-through. After ball release, the arm

moves ahead of the body and exerts a large distraction

force of approximately 750 N (about 80% of the

pitcher’s body weight)38 that acts on the posteroinfe-

rior capsule. At that point in the follow-through, the

elbow is fully extended so that no moments are ex-

erted on the glenohumeral joint; the load is one of a

pure distraction force. Because the shoulder is inter-

nally rotated in follow-through, the inferior part of the

posterior capsule is rotated into a more posterocentral

position, where it more directly resists the distraction

force of follow-through (Fig 20). The shoulder mus-

culature provides a compressive force to resist this

distraction force, but the capsule undoubtedly is sub-

jected to repetitive high loads that cannot be com-

FIGURE 20. During follow-through, large distraction forces (80%
of the pitcher’s body weight) must be resisted by the posteroinfe-
rior capsule. The capsule has rotated into a posterocentral location,
where it can most effectively resist these distraction forces of
follow-through.
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Contact point shift 

PIGHL shifts under humeral head 

during ABER 

Contracted PIGHL exerts 

posterosuperior force on humeral 

head  

Posterosuperior shift of  the GH 

contact point 

 

 

Burkhart et al 2003 

Production of the SLAP Lesion: the Coup De

Grâce

Physicians must always remember the dynamic na-

ture of this biomechanical system and the forces that

act on the labrum. When the shoulder goes into a

position of abduction and external rotation, the poste-

rior band of the IGHL is brought beneath the humeral

head. If the posteroinferior capsule is contracted and

tight, it will bowstring under the humeral head, push-

ing the humerus posterosuperiorly into the posterosu-

perior labrum. This labral shear force is at a maximum

with the arm in the cocked position of abduction and

external rotation, and this is also the exact position at

which the peel-back forces are maximized (Fig 18).

Furthermore, the cocked position is the point in the

throwing cycle in which energy from the trunk is

being transmitted to the shoulder to help accelerate the

arm. This scenario of maximum superior labral shear

force combined with maximum peel-back force at the

exact moment that maximum acceleration forces are

being funneled into the shoulder by the kinetic chain

creates a potentially disastrous situation for the

“shoulder-at-risk.”

INSTABILITY VERSUS PSEUDOLAXITY:

THE “CIRCLE CONCEPT”

Previous reports have suggested that anterior insta-

bility is the primary cause of the dead arm syndrome.

We disagree. Even so, the surgeon generally encoun-

ters a positive drive-through sign (in which he or she

can drive the scope from top to bottom of the gleno-

humeral joint without significant resistance) in asso-

ciation with type 2 SLAP lesions.

This sign does not necessarily indicate anteroinfe-

rior instability but may simply indicate a pseudolaxity

that occurs with a posterosuperior break in the labral

ring. Disruption of the labral attachment on one side

of the glenoid allows channeling of laxity to the op-

posite side of the ring (circle concept) (Fig 19). Fur-

thermore, if the glenohumeral contact point shifts pos-

terosuperiorly, the cam effect of the humeral head on

the anterior capsule will be reduced, producing a rel-

ative capsular redundancy that can be misinterpreted

as instability. This pseudolaxity is eliminated by

SLAP repair in almost all cases, as indicated by res-

toration of normal resistance to drive-through after

repair.

We believe that pseudolaxity (due to reduction of

the cam effect and a break in the labral ring) has been

incorrectly identified in the past as anteroinferior in-

stability. Furthermore, we believe that this misidenti-

fication has perpetuated instability surgery as treat-

ment for the dead arm and has delayed recognition of the

SLAP lesion in association with the contracted postero-

inferior capsule as the usual cause of this syndrome.

FIGURE 18. This diagram shows the shift in position that occurs
in the major tendon and capsuloligamentous structures of the
glenohumeral joint between the resting position (solid lines) and
the abducted-externally rotated position (dotted lines). In abduction
and external rotation, the bowstrung posterior band of the IGHL
(PIGHL) is beneath the humeral head, causing a shift in the
glenohumeral rotation point; and the biceps vector shifts posteri-
orly as the peel-back forces are maximized.

FIGURE 19. Circle concept of pseudolaxity. With a break in the labral
ring, there is a channeling effect of apparent laxity to the opposite side
of the ring where there is no disruption. Repair of the labral disruption
eliminates the pseudolaxity. Pseudolaxity from a break in the labral
ring is augmented by reduction of the cam effect that occurs when the
glenohumeral contact point shifts posterosuperiorly.
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Posteroinferior Capsular 

Contracture 

Contracted PIGHL AIGHL 

MGHL 

SGHL 

Biceps 

ANTERIOR POSTERIOR 

Courtesy of  Brady Huang, MD 



Hyperexternal Rotation 
Contact point shift allows hyperexternal rotation via 2 mechanisms 

Increased clearance of  the greater tuberosity before internal impingement 

Greater arc of  external rotation 

Decreased CAM effect of  humeral head and proximal humeral calcar on 
anterior capsule 

Relative redundancy of  anterinferior capsule 

 

ing, because increasing degrees of humeral retrover-

sion will decrease the cam effect and will also allow

for greater clearance of the greater tuberosity over the

edge of the glenoid to permit hyperexternal rotation.

We agree with Halbrecht et al.22 that anterior insta-

bility is not generally a part of the pathology in the

throwing shoulder. The apparent increased anterior

laxity may simply be a consequence of the reduction

in the cam effect with the functional lengthening of

the anteroinferior capsuloligamentous complex, in

conjunction with pseudolaxity caused by a posterior

SLAP lesion. Furthermore, all or part of the hyper-

external rotation may be due to the functional

lengthening of the IGHL that occurs when the gle-

nohumeral contact point shifts posterosuperiorly

due to a tight posteroinferior capsule. However,

over time, chronic hyperexternal rotation in con-

junction with a protracted scapula may stretch the

IGHL to some extent.37

This stretching differs from the standard type of

anterior instability in that the capsuloligamentous

structures are overloaded by tensile forces from ex-

cessive humeral external rotation rather than by shear

forces from anterior humeral translation. However, if

the thrower externally rotates far enough with the arm

abducted 90°, he may reach the provocative position

for production of an anteroinferior subluxation or dis-

location, tearing the anterior capsuloligamentous com-

plex. We have seen late breakdown anteriorly with

IGHL disruption in only a couple of instances in older

throwers with chronic symptoms, but never in the

younger pitchers with the dead arm. We believe that

true instability is rare and that it develops slowly over

time. Therefore it only manifests itself in veteran

pitchers. The hyperexternal rotation associated with

the shift in the glenohumeral contact point in the older

thrower may contribute to the pseudolaxity associated

with SLAP lesions.

We agree with the observation by Walch et al.14

that all shoulders exhibit internal impingement in

the abducted and externally rotated position and

that therefore internal impingement should ordi-

narily not be considered pathologic. The exception

to this view is the thrower that hyperexternally

rotates his arm during the late cocking phase (Fig

12), achieving maximal external rotation in excess

of 130°.38 Athletes in this category are usually the

older elite throwers, and the hyperexternal rotation

that they achieve can cause excessive abrasion of

the cuff against the posterosuperior glenoid, result-

ing in damage to the cuff.

An even greater adverse effect of hyperexternal

rotation on the rotator cuff is that it allows repetitive

hypertwisting of the rotator cuff fibers (Fig 13). This

hypertwist phenomenon can lead to torsional overload

and shear failure of cuff fibers. With the arm in the

abducted and externally rotated position, the greatest

shear stresses in the cuff will be at their articular-side

attachment, which is the location where cuff failure

occurs in the thrower (Fig 14).

FIGURE 11. (A) With the arm
in a position of abduction and
external rotation, the humeral
head and the proximal hu-
meral calcar produce a signifi-
cant cam effect of the anteroin-
ferior capsule, tensioning the
capsule by virtue of the space-
occupying effect. (B) With a
posterosuperior shift of the gle-
nohumeral contact point, the
space-occupying effect of the
proximal humerus on the an-
teroinferior capsule is reduced
(reduction of cam effect). This
creates a relative redundancy in
the anteroinferior capsule that
has probably been misinter-
preted in the past as microinsta-
bility. (C) Superimposed neu-
tral position (dotted line) shows
the magnitude of the capsular
redundancy that occurs as a re-
sult of the shift in the glenohu-
meral contact point.
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Increased Shear force on Labrum 

Twisting of  biceps tendon with 

hyperexternal rotation 

Shearing force directed to 

posterosuperior labrum 

Type II SLAP tears 

Predominantly Type IIb or IIc 

Peel back 

Biceps root will shift medial to 

supraglenoid tubercle 

This is likely cause of  “dead 

arm” 

ering effect of the posteroinferior capsule, with the

concomitant shift of the glenohumeral contact point,

allows clearance of the greater tuberosity to achieve a

greater arc of external rotation. As a result, internal

impingement does not occur until the shoulder

achieves a position of hyperexternal rotation. Further-

more, posterosuperior shift of the glenohumeral con-

tact point lessens the cam effect of the proximal hu-

merus in abduction and external rotation, achieving a

functional lengthening of the anteroinferior capsule

that permits greater external rotation.

Pitchers with a tight posteroinferior capsule and

GIRD know that they must reach their set point of

external rotation, and they will find a way to do it even

though the deranged mechanics predispose to superior

labral injury by virtue of increased peel-back forces

and increased shear forces on the labrum. Such pitch-

ers are constantly on the brink of injury. In this type of

overhead athlete, the thinking brain recognizes that

the arm must be brought back to a certain position (the

set point), and the acting brain finds a way to get it

there.

High-level overhead athletes have been shown to

combine ballistic and tracking modes in achieving

control with high velocity.44 Ballistic movement is an

automatic movement under preprogrammed neural

control (such as externally rotating to the set point)

that can be modified and facilitated by muscle activa-

tion in response to feedback from receptors on mus-

cles and tendons (tracking mode) to fine-tune the

control aspect of throwing a ball to a specific target

point. These preprogrammed patterns start from the

legs and trunk, then proceed to the scapular stabilizers

and arm positioners for force generation. From there,

these patterns are coordinated at the elbow and wrist

for pitch control.

Peel-Back Mechanism

We have observed a dynamic peel-back phenome-

non16 arthroscopically in throwers with posterior and

combined anteroposterior SLAP lesions. The peel-

back occurs with the arm in the cocked position of

abduction and external rotation and is due to the effect

of the biceps tendon as its vector shifts to a more

posterior position in late cocking. At arthroscopy,

when the arm is removed from traction and brought

into abduction and external rotation, the biceps tendon

can be seen to assume a more vertical and posterior

angle (Fig 15). This dynamic angle change produces a

posterior shift in the biceps vector as well as a twist at

the base of the biceps, which then transmits a torsional

force to the posterior superior labrum. If the superior

labrum is not well-anchored to the glenoid, this pos-

teriorly directed torsional force will cause it to ro-

tate medially over the corner of the glenoid onto

the posterosuperior scapular neck. In addition, the

biceps root will shift medial to the supraglenoid tu-

bercle (Fig 16).

This peel-back phenomenon is a consistent finding

in patients with posterior SLAP lesions or combined

anteroposterior SLAP lesions, and it is absent in nor-

mal shoulders and in some anterior SLAP lesions that

do not have extension into the posterosuperior quad-

rant. However, anterior SLAP lesions without a de-

FIGURE 15. (A) Superior view of the biceps and labral complex of
a left shoulder in a resting position. (B) Superior view of the biceps
and labral complex of a left shoulder in the abducted, externally
rotated position, showing peel-back mechanism as the biceps vec-
tor shifts posteriorly.
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Pseudolaxity 
Anterior instability reported in dead arm 

Positive drive through sign at arthroscopy 

Scope driven from top to bottom of  GH joint without resistance 

Burkhart suggests this is due to pseudolaxity not true instability 

Decreased CAM effect – capsular redundancy 

Circle concept 

Break in labral ring (from SLAP tear) allows channeling of  apparent laxity 
to opposite side of  ring where there is disruption. 

Production of the SLAP Lesion: the Coup De

Grâce

Physicians must always remember the dynamic na-

ture of this biomechanical system and the forces that

act on the labrum. When the shoulder goes into a

position of abduction and external rotation, the poste-

rior band of the IGHL is brought beneath the humeral

head. If the posteroinferior capsule is contracted and

tight, it will bowstring under the humeral head, push-

ing the humerus posterosuperiorly into the posterosu-

perior labrum. This labral shear force is at a maximum

with the arm in the cocked position of abduction and

external rotation, and this is also the exact position at

which the peel-back forces are maximized (Fig 18).

Furthermore, the cocked position is the point in the

throwing cycle in which energy from the trunk is

being transmitted to the shoulder to help accelerate the

arm. This scenario of maximum superior labral shear

force combined with maximum peel-back force at the

exact moment that maximum acceleration forces are

being funneled into the shoulder by the kinetic chain

creates a potentially disastrous situation for the

“shoulder-at-risk.”

INSTABILITY VERSUS PSEUDOLAXITY:

THE “CIRCLE CONCEPT”

Previous reports have suggested that anterior insta-

bility is the primary cause of the dead arm syndrome.

We disagree. Even so, the surgeon generally encoun-

ters a positive drive-through sign (in which he or she

can drive the scope from top to bottom of the gleno-

humeral joint without significant resistance) in asso-

ciation with type 2 SLAP lesions.

This sign does not necessarily indicate anteroinfe-

rior instability but may simply indicate a pseudolaxity

that occurs with a posterosuperior break in the labral

ring. Disruption of the labral attachment on one side

of the glenoid allows channeling of laxity to the op-

posite side of the ring (circle concept) (Fig 19). Fur-

thermore, if the glenohumeral contact point shifts pos-

terosuperiorly, the cam effect of the humeral head on

the anterior capsule will be reduced, producing a rel-

ative capsular redundancy that can be misinterpreted

as instability. This pseudolaxity is eliminated by

SLAP repair in almost all cases, as indicated by res-

toration of normal resistance to drive-through after

repair.

We believe that pseudolaxity (due to reduction of

the cam effect and a break in the labral ring) has been

incorrectly identified in the past as anteroinferior in-

stability. Furthermore, we believe that this misidenti-

fication has perpetuated instability surgery as treat-

ment for the dead arm and has delayed recognition of the

SLAP lesion in association with the contracted postero-

inferior capsule as the usual cause of this syndrome.

FIGURE 18. This diagram shows the shift in position that occurs
in the major tendon and capsuloligamentous structures of the
glenohumeral joint between the resting position (solid lines) and
the abducted-externally rotated position (dotted lines). In abduction
and external rotation, the bowstrung posterior band of the IGHL
(PIGHL) is beneath the humeral head, causing a shift in the
glenohumeral rotation point; and the biceps vector shifts posteri-
orly as the peel-back forces are maximized.

FIGURE 19. Circle concept of pseudolaxity. With a break in the labral
ring, there is a channeling effect of apparent laxity to the opposite side
of the ring where there is no disruption. Repair of the labral disruption
eliminates the pseudolaxity. Pseudolaxity from a break in the labral
ring is augmented by reduction of the cam effect that occurs when the
glenohumeral contact point shifts posterosuperiorly.
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Acceleration vs Deceleration 

Andrews et al (1985) initially proposed deceleration mechanism 

of  thrower’s SLAP tear. 

High tensile load on long head biceps tendon with deceleration 

Cadaver model (Kuhn et al) supports acceleration model 

Type 2 SLAP in 90% of  specimens from loading biceps in ABER  

Type 2 SLAP in only 20% of  specimens loaded in follow-through 

20% less force needed in ABER 

Most thrower’s recall late cocking/early acceleration phase as 

position of  injury (Burkhart 2003) 

 



Increased shear force on cuff 

Hypertwist from hyperexternal rotation 

Torsional and shear overload of  cuff  undersurface leading to tears 

The External Rotation Set Point

Maximum internal rotation velocity in the elite

pitcher is approximately 7,000°/second, perhaps the

fastest human motion in all of sport.39 In the tennis

serve, researchers have shown that the greatest con-

tribution to racket head speed at ball impact is pro-

duced by internal rotation of the shoulder.40,41 We

know that other contributions from forces and inter-

active moments at various points within the kinetic

chain are important,42 but maximizing internal rota-

tion velocity is of extreme importance to the

thrower.43

The most effective way to maximize internal rota-

tion velocity is to maximize the arc of rotation by

means of hyperexternal rotation in late cocking. The

longer the arc of rotation through which angular ac-

celeration is achieved, the greater the velocity of the

hand, and therefore the greater the velocity of the

baseball at ball release.

High-level pitchers appear to have a set point of

external rotation that they know they must achieve to

throw hard. Elite pitchers have a proprioceptive sense

of reaching their set point of external rotation, which

they call the slot. They know that if they cannot reach

the slot, they will not be able to throw with their

maximum velocity. If the glenohumeral contact point

shifts, as it does with a tight posteroinferior capsule,

the successful pitcher will be able to externally rotate

back to his set point even more effectively. The teth-

FIGURE 12. These baseball pitchers, in the late cocking phase of
throwing, have maximized their external rotation.

FIGURE 13. The rotator cuff can be considered as a collection of
fiber bundles that undergo significant torsional and shear stresses as
the shoulder internally and externally rotates.

FIGURE 14. Torsional overload with repetitive hypertwisting of
rotator cuff fibers occurs on the articular surface of the rotator cuff,
the most common location of cuff failure in the thrower.
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Burkhart Cascade Caveats 

Anterior instability 

 Not part of  the inciting pathology of  dead arm 

Anterior capsular failure may be tertiary problem  

Increased tensile stress on AIGHL with repetitive hyperexternal 

rotation 

Posterosuperior impingement 

Not primary pathology in dead arm 

May be seen in older elite thowers 

Hyperxternal rotation in late cocking in excess of  130o 

 

Burkhart et al 2003 



The Tethered Shoulder: The Reciprocal Cable

Model and the Cam Effect

O’Brien et al.31 popularized the concept of the

IGHL complex, bounded by an anterior band and

posterior band, performing like a hammock to support

the humeral head when the arm is in abduction (Fig 7).

One must remember that throwing is a dynamic ac-

tivity, and the position of a given structure will con-

tinually shift during the throwing cycle. For example,

in full abduction and external rotation (the cocked

position), the posterior band of the IGHL is below the

humeral head. If the posterior band is contracted, it

will exert a posterosuperior force on the humeral head.

From a mechanical standpoint, this hammock model

of the IGHL complex can be simplified even further so

that the IGHL complex is represented by 2 dominant

structural components, the anterior band and the pos-

terior band, functioning as interdependent cables (Fig 8).

In this model, the primary passive constraints of the

glenohumeral joint can be represented simply as a

system composed of 2 cables that develop tension

reciprocally and equally as the shoulder internally and

externally rotates in the 90° abducted position. The

glenoid serves as a tension ring for the cables as they

span the distance from their humeral attachments to

the glenoid.32 This reciprocal cable model defines the

allowable “envelope of motion” of the shoulder in

FIGURE 6. Selective posteroinferior capsulotomy. (A) The capsu-
lar contracture is located in the posteroinferior quadrant of the
capsule in the zone of the posterior band of the IGHL complex. The
capsulotomy is made 1⁄4 inch away from the labrum from the 9 or
3 o’clock position to the 6 o’clock position. (B) On arthroscopic
inspection after the capsulotomy is made, note how thick the
capsule in this zone has become.

FIGURE 5. A professional left-handed baseball pitcher with a type
2 SLAP lesion and severe GIRD that was nonresponsive to stretch.
Examination under anesthesia revealed no (0°) internal rotation
prior to arthroscopy, and 65° of internal rotation after a selective
posteroinferior capsulotomy and type 2 SLAP lesion repair.
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GIRD Treatment 
Most respond to posterior capsular stretching 

SLAP repair 

Morgan and Burkhart report 87% return to preinjury level of  

performance and velocity 

Selective posterior capsulotomy in stretch non-responders 
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Imaging of  GIRD 

Saleem et al AJR 2008 – Pictoral essay 

Usefullness of  the Abduction and external rotation views in 

shoulder MR arthrography 

ABER view may recreate decentering of  humeral head with 

GIRD 



Imaging of  GIRD 

Sanders, Zlatkin, and Montgomery, 2010 

Imaging of  Glenohumeral Instability (review) 

18 year old baseball pitcher with GIRD 

Marked thickening of  the posterior capsule 



Imaging of  GIRD 
Tehranzadeh, Fronek, and Resnick  
(Clinical Imaging, 2007) 

Retrospective study of  MR 
arthrograms in 6 professional 
pitchers with symptomatic GIRD 

5 with arthroscopy 

All with undersurface rotator cuff  
tears 

4 SLAP tears, 2 posterior labral 
fraying 

Subjective posteroinferior capsular 
thickening 

No standard at the time for 
measurement 

 

 



Imaging of  GIRD 
Tuite et al – Skeletal Radiology 2007 

26 overhead athletes with GIRD and internal impingement 

26 asymptomatic controls 

Attempt to diagnose and quantify posterior capsular thickening 

Labral length at 8 o’clock – subchondral bone to labral tip  

Posterior recess angle 

Thick - capsule labral length 

 If  capsule inserted near labral tip 

Subchondral bone to where capsule “thinned out to become 1-2mm thick” 

 



Tuite et al 

All differences statistically significant 

Limitations 

PIGHL difficult to separate from capsule near labral attachment 

Labral measurement used as surrogate 

Glenoid shape differences not controlled for 

 i.e. hypoplasia with thick posterior labrum 

Somewhat arbitrary thick capsule-labral length end point 

Developmental variations in capsular attachment not accounted for 

Park et al, AJR 2000 showed variable posterior capsular attachment 

60% type 1 – directly onto labrum 

31% type 2 – junction of  labrum and glenoid 

9% type 3 – Medial to glenoid 

Overlap of  measurements  

Technical differences – Patient positioning, amount of  contrast 

Overhead athletic participation as children not controlled for 

 

Labral Length (mm) Thick capsule – labral length (mm) Posterior recess (o) 

GIRD 6.4 (2.9- 12.5) 8.8 (2.9-16.5) 94 (18-160) 

Controls 4.9 (2.3-9.5) 5.4 (2.3-11.7) 65 (28-148) 



Imaging Posterosuperior Labral Peel Back  

Borrero et al, Skeletal Radiology 2010 

34 patients surgically confirmed labral tear with peel back in ABER 

29 controls with no peel back 

Attempt to describe MR appearance and determine reliability of  MR for 

prospective diagnosis of  posterosuperior labral peel back 

Position of  posterosuperior labrum with respect to glenoid on ABER 

 

 

Burkhart et al 2003 



Labral Peel Back – Borrero et al 

Posterosuperior labrum = “Reverse C” shape 

Three point grading system 

0 - Apex of  reverse C clearly lateral and craniad to glenoid tangent line  

1 - Apex flush with glenoid tangent line 

2 – Apex clearly medial and caudal to glenoid tangent line on at lease 1 image 

 
Grade 0 Grade 2 Grade 1 



Labral Peel Back – Borrero et al 

Grade 0 and Grade 1 considered negative 

Grade 2 considered peel back 

2 blinded readers: excellent inter-rater agreement – Kappa coefficient of  0.9 

Sensitivity 73%, Specificity 100%, PPV 100%, NPV 78% 

 

 Grade 0 Grade 2 Grade 1 



Labral Peel Back – Borrero et al 

Additional analysis of  value of  ABER for diagnosis of  SLAP 

5 of  34 patients  

SLAP tear only evident on ABER  

No labral tear evident on standard sequences 

 



Humeral Retroversion 

Posteromedial angle between the 

axis of  the elbow and the axis 

through the center of  the humeral 

head 

Normal values range from 10o-40o 

Increased retroversion  

Seen in dominant arms of  overhead 

athletes 

Allows increased external rotation 

before humeral head contrained by 

anterior capsule  

 

 

 

Hernigou 2002 

Reagan et al. 2002 



Humeral Retroversion 

Pieper, AJSM 1998 

51 professional handball players 

Retrotorsion angle average of  9.4o greater on dominant side 

No side to side difference in retroversion of  controls 

Players with chronic shoulder pain - no side to side difference 

Increased retroversion adaptive response allowing more external rotation 

before excessive strain on shoulder soft tissues 
 

 

 



Humeral Retroversion 

Crockett et al, AJSM 2002 

25 professional pitchers vs 25 controls 

Retroversion in dominant arm of  pitchers – 40o 

Significantly greater than non dominant arm (23o)  

Significantly greater than dominant arm of  nonthrowers (18o) 

Nonthrowers  

No significant difference between dominant (18o) and nondominant (19o) 

Reagan et al, AJSM 2002 

54 asymptomatic college baseball players 

Significantly greater retroversion in dominant arm 

Dominant arm – 36.6o 

Nondominant arm – 26o 

 
 

 

 



Humeral Retroversion Measurement 

Multiple different techniques 

Radiographic techniques 

complicated 

CT preferred method 

CT Reference lines 

Line perpendicular to the 

proximal articular surface of  the 

humeral head 

Distal reference Line 

Transepicondylar line 

Trochlear tangent line 

Forearm axis  

 

 

 

 
 

 

 

Reagan et al. 2002 

Hernigou 2002 



Bennett Lesion 

Ossification near the 

posteroinferior glenoid in 

overhead athletes 

Bennett (1941) originally 

believed traction injury at 

attachment of  the long head 

of  the triceps 

Generally accepted as 

traction injury of  

posteroinferior capsule and 

PIGHL 

 

Shah and Tung 2009 



Imaging of  Bennett Lesions 

Best evaluated by CT and 

radiographs 

Extra-articular crescentic 

calcification/ossification near the 

glenoid attachment of  PIGHL 

 Special radiographic views may be 

helpful 

Bennett or modified Bennett view  

ABER with beam angled 5o cephalad 

Stryker notch view 

Hand on head with elbow straight up 

Beam angled 10o cephalad 

 

 

 

Wright and Paletta 2004 

Modified Bennett 

Stryker Notch View 

http://depts.washington.edu/shoulder/X-Rays.htm 

Meister et al 1999 



MRI of  Bennett Lesions 

Low signal abnormality within 

capsule 

May contain high T1 signal from 

marrow 

Possibly associated with capsular 

thickening 

Pericapsular edema 

More acute injury? 

 

 

Sanders et al 2010 

Chung CB and Steinbach LS. MRI of  the upper extremity: elbow, wrist, and hand. 2009. (Anecdotal data per Dr. Chung) 



Bennett Lesion 

Controversial clinical significance and treatment 

Associated with posterior shoulder pain 

ABER position – late cocking/early acceleration 

Adduction/internal rotation – follow through/deceleration 

Frequently seen in asymptomatic overhead athletes 

12 of  55 (22%) asymptomatic MLB pitchers (Wright et al 2004) 

Frequently associated with other intra-articular pathology 

Posterior and posterosuperior labral tears 

Undersurface rotator cuff  tears 

Variable results for surgical excision 



Bennett Lesion 
Lombardo et al, AJSM 1977 

3 pitchers with open excision of  

exostosis and posterior labral 

debridement 

All 3 returned to pre-injury level of  

performance 

Ferrari et al, AJSM 1994 

7 baseball players with shoulder pain 

and Bennett’s lesion 

6 labral tears and 6 undersurface 

rotator cuff  abnoramlities repaired 

Bennett lesion not treated 

6/7 returned to preinjury level 

Ferrari et al, 1994 



Bennett Lesion 

Meister et al, AJSM 1999 

22 overhead athletes with shoulder 
pain and Bennett’s 

11 patients - exostosis debrided 

21 patients - undersurface cuff  tears 
debrided 

20 patients - Labral “fraying” debrided 

15 posterior, 4 anterior, 1 superior  

10 of  18 patients with follow up 
returned to preinjury level > than 1 
year 

Exostosis debridement no effect on 
return 

Still recommended excision of  large 
exostosis in patients with posterior 
shoulder pain 

 

 

 

 

 

 



Bennett Lesion 
Yoneda, et al 2002 

16 baseball players with arthroscopic resection of  symptomatic Bennett’s 

Posterior shoulder pain with throwing  

Pain with throwing reduced by lido injection into Bennett’s 

Posteroinferior GH joint tenderness 

11/16 returned to preinjury level of  performance 

Many associated abnormalities also treated 

6 articular sided cuff  tears debrided 

4 posteroinferior labral tears repaired 

4 “biceps and labral complex injuries” repaired or debrided 

 

 

 

 

 

 



Bennett Lesion and GIRD? 
Both involve PIGHL 

PIGHL thickening sometimes seen with Bennett lesion 

Tuite et al, Skeletal Radiology 2007  

Different response to same repetitive injury ? 

Spectrum of  injury where some with GIRD go on to Bennett’s? 

Meister et al, AJSM 2002 

“An asymmetric loss of  internal rotation and increased external rotation was noted in 
all 22 patients” 

Shah and Tung 2009 Sanders et al, 2010 



Anterosuperior Impingment 

Impingment of  undersurface of  biceps 
pulley and subscapularis tendon against 
anterosuperior glenoid rim with adduction 
and internal rotation  

Gerber and Sebesta, 2000 

16 pts c/o pain with anterior elevation and 
internal rotation 

12/16 in overhead professions (masonry) 

3 isolated pulley lesions 

10 pulley lesions + undersurface tears of  
upper fibers of  subscap 

3 intact pulley with undersurface subscap 

16/16 impingment with horizontal 
adduction and internal rotation at 
arthroscopy 

Likely from repetitive overhead movements 

 

 

 

 

http://mlbblogger.files.wordpress.com/2013/03/maestri-follow-through.jpg?w=555&h=312 



Anterosuperior Impingment 

Habermeyer et al 2004 

89 Patients with pulley lesions  

4 groups (% with ASI at arthroscopy) 

1. Isolated pulley lesion (26.9%) 

2. Pulley + deep surface supra (19.1%) 

3. Pulley + deep surface subscap (59.1%) 

4. Pulley + deep surfaces SS + SSC (75%)  

Role of  subscap tears 

Increased ASI with Subscap involvement 

LHB loses stabilizing effect on GH joint 

Anterosuperior humeral head translation  
Increased ASI 

Pulley lesion  

Degenerative  

Traumatic – forcefully stopped overhead 
throwing motion 

 

 

 



Anterosuperior Impingment 

Very little in radiology literature 

Barile et al 2013  

23 overhead athletes with 

suspected pulley lesions 

Excellent correlation with 

Arthroscopy  

2 downgraded from I to normal 

2 upgraded from III to IV 

Increased ASI with subscap 

involvement 

MR less accurate for AS Labrum 

Type 4: 6 MR vs 10 Arthro 

Type 3: 2 MR vs 4 Arthro 

 

 

 

Habermeyer class 0 I II III IV 

MR 0 3 5 7 8 

Arthroscopy 2 1 5 5 10 

ASI - Arthroscopy 2 10 

Radiol med (2013) 118:112–122 119

fibre tendinee che, nel caso di coinvolgimento/estensione 

del/al versante bursale stravasava nella borsa sottoacro-

miondeltoidea. Tutti e 5 i casi diagnosticati come lesione di 

tipo 2 all’artro-RM, sono stati successivamente confermati 

all’artroscopia. Le lesioni di tipo 3 mostravano le stesse ca-

ratteristiche semeiologiche delle lesioni di tipo 2, ma con 

insinuazione di mezzo di contrasto tra le fibre del sottosca-

polare; le soluzioni di continuo tendinee in questo caso, 

presentavano una prevalente componente trasversale, ben 

documentabile sopratutto nelle immagini ottenute secondo 

piani assiali. All’artroscopia solo 5 su 7 casi diagnosticati 

all’artro-RM come lesione di tipo 3 sono stati confermati; 

gli altri 2 pazienti sono stati classificati artroscopicamente 

come lesione di tipo 4 in quanto è stato riscontrato un coin-

associated with a supraspinatus tendon tear involving its an-

terior insertional area. This type of lesion, with a prevalent 

manifestation on the articular portion, was characterised by 

the presence of contrast agent collection in the tendon fi-

bres that, in the case of involvement/extension of or to the 

bursal side, leaked into the subacromion–deltoid bursa. All 

five cases of type 2 lesions were subsequently confirmed 

by arthroscopy. Type 3 lesions showed the same MR ar-

thrography appearance as type 2 lesions, with the presence 

of contrast agent collection in the subscapularis fibres; ten-

don interruption, in this case, showed a prevalent transverse 

component, better depicted on all axial images. At arthros-

copy, only 5/7 cases, recognised as type 3 lesions at MR 

arthrography, were confirmed; the other two cases were re-

a b

c d

Fig. 5a-d Type 4 lesion (adapted from [7]) (a). MR arthrography oblique sagittal fat-suppressed PD-weighted image (b) shows a complex lesional involve-
ment of biceps pulley characterised by a superior glenohumeral ligament (SGHL) tear, subscapularis tendon tear (large black arrow) and anterior-side 
supraspinatus tendon tear (black arrow). Long head of the biceps tendon (LHBT) (white arrow) appears inhomogeneous, with tendency to anteromedial 
subluxation. MR arthrography axial fat-suppressed PD-weighted image (c) well depicts subscapularis tendon tear (long arrows) and anteromedial subluxa-
tion of LHBT (large arrow). Arthroscopy (d) shows both anterior side supraspinatus tendon tear (arrow) and subscapularis tendon tear (*), with the LHBT 
appearing inhomogeneous, hyperaemic and subluxated anteriorly .

Fig. 5a-d Lesione di tipo 4. a Rappresentazione schematica di lesione di tipo 4 (adattato da [7]). L’immagine artro-RM DP-pesata con soppressione del 
segnale del tessuto adiposo eseguita secondo un piano di scansione sagittale obliquo (b) mostra un interessamento lesionale complesso della puleggia 
bicipitale con lesione del LGOS, delle inserzioni alte del sottoscapolare (freccia nera larga) e della porzione anteriore del soprapinoso (freccia nera). Il 
CLB (freccia bianca) appare disomogeneo con tendenza alla sublussazione antero-mediale. L’immagine artro-RM DP-pesata con soppressione del segnale 
del tessuto adiposo eseguita secondo un piano di scansione assiale (c) ben documenta la lesione del sottoscapolare (frecce lunghe) e la sublussazione 
antero-mediale del CLB (freccia larga). L’esame artroscopico (d) documenta una lesione associata della porzione anteriore del sopraspinoso (freccia) e 
del sottoscapolare (*) con un CLB che appare iperemico, sfrangiato e sublussato antero-medialmente.
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Discussione 

L’IAS è una forma di non-outlet impingement [1–3] di re-

lativamente recente descrizione ed identificazione, possibile 

causa di una sintomatologia dolorosa anteriore cronica di 

spalla [1, 4–6]. Le strutture anatomiche che entrano in con-

flitto possono essere diverse, ivi comprese labbro e trochine 

omerale, ma con un interessamento pressoché costante delle 

componenti esterne dell’intervallo dei rotatori che costitui-

scono la puleggia bicipitale. L’intervallo dei rotatori è uno 

spazio anatomico attraversato dal CLB dalla sua emergenza 

a livello della doccia omerale fino alla sua inserzione sul tu-

bercolo sovraglenoideo della scapola [8, 10–14]. Pertanto 

il CLB, nel suo tratto orizzontale, attraversa un tunnel le cui 

pareti sono costituite dal tendine sottoscapolare anterior-

mente e dal tendine sopraspinoso posteriormente mentre il 

suo pavimento ed il suo tetto sono costituiti rispettivamente 

dal LGOS e dal LCO [8, 15–17]. 

patients with type 4 lesion and in 4/5 patients with type 3 le-

sion. During arthroscopic dynamic manoeuvres, ASI signs 

were observed in three patients with type 3 lesion and in 

ten with type 4 lesions. These results are summarised in 

Table 2.

Discussion

ASI is a recently described and identified “nonoutlet” im-

pingement [1–3] and a possible cause of a chronic anterior 

shoulder pain [1, 4–6]. The conflicting anatomical struc-

tures are many, including the humeral labrum and humeral 

greater tubercle, but there is constant involvement of the 

external components of the rotator interval, which form the 

biceps pulley. The rotator interval is an anatomical space 

traversed by the LHBT from its origin in the humeral groove 

up to its insertion on the superior tubercle of the scapula [8, 

a b

c d

Fig. 2a-d Type 1 lesion (adapted from [7]) (a); MR arthrography oblique sagittal (b) and axial (c) PD-weighted images show an inhomogeneous and 
unstretched superior glenohumeral ligament (SGHL) (arrows). Arthroscopy (d) confirms isolated SGHL tear (*); SGHL appears hyperaemic and inhomo-
geneous.

Fig. 2a-d Lesione di tipo 1. a Rappresentazione schematica di lesione di tipo 1 (adattato da [7]). Le immagini artro-RM DP-pesate eseguite secondo un 
piano di scansione sagittale obliquo (b) ed assiale (c) mostrano un LGOS sfrangiato e deteso (frecce). L’immagine artroscopica (d) conferma la lesione 
isolata del LGOS (*) che appare iperemico e sfrangiato.



Little Leaguer’s Shoulder 
Proximal humeral physis overuse injury 

Rotational stress during overhead 
throwing 

Gradual onset of  shoulder pain with 
throwing and tenderness at lateral aspect 
of  shoulder 

Most commonly in early to mid teenage 
years 

Physis vulnerable during period of  rapid 
growth 

Mechanism of  injury  

Injury to metaphyseal vessels supplying 
physis 

Necessary for chondrocyte death and 
cartilage mineralization 

Prolonged chondrocyte survival and 
extension into metahpysis 

Fleming et al 2004 



Little Leaguer’s Shoulder 

Radiographic findings 

May be normal if  symptoms 

less than 10 days 

Proximal humeral physeal 

widening 

Less common findings 

Metaphyseal demineralization 

or sclerosis 

Fragmentation or cystic 

changes lateral aspect of  the 

proximal humeral metaphysis 

 

 Carson and Gasser 1998 



MRI of  Little Leaguer’s Shoulder 

Hatem et al, 2007 

4 pitchers age 12-14 with MRI for shoulder pain 

3/4 widened physis 

Possibly related to imaging early after symptom onset in 1 patient (3 weeks) 

4/4 metaphyseal bone marrow edema 

3/4 epiphyseal marrow edema 

2/4 periosteal edema 

 

 

 



MRI of  Little Leaguer’s Shoulder 

Obembe et al, 2007 

4 adolescent overhead athletes (11-15) 

Extension of  physeal signal into 

metaphysis  

Metaphyseal bone marrow edema  

No epiphyseal abnormalities 

No periosteal edema 

 

 



Little Leaguer’s Shoulder Treatment 

Conservative management 

Rest / throwing restriction 

Gradually resume throwing  

Carson and Gasser, 1998 

21/23 patients returned to throwing 

after average rest of  3 months 

2 patients still resting at time of  

publication 

Radiographic appearance lags behind 

clinical response  

 

 

 

 

 

Carson and Gasser, 1998 



Conclusion 

The throwing shoulder is an evolving and controversial 

subject 

GIRD initiating the pathologic cascade to SLAP tear is the 

leading current theory to explain “dead arm” 

Knowledge of  injury patterns specific to the throwing 

shoulder can help the radiologist identify the total spectrum 

of  abnormalities and provide more relevant clinical insight to 

the treating orthopedic surgeon. 
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