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Learner Objectives 

• Upon listening, audience will 
– Improve understanding of the anatomy and 

physiology of the shoulder joint 
– Explain the pathophysiology of subacromial 

impingement syndrome in OH athletes 
– Demonstrate a thorough evaluation of a patient with 

a c/c of pain secondary to shoulder impingement 
– Select outcome measures that will show both patient 

and clinical significance of improvement 
– Select proper interventions and HEP based on the 

results of a thorough shoulder examination 



I. Anatomy and Biomechanics 
II. Shoulder Impingement Classifications 
III. PT Examination 
IV. Special Tests 
V. Rehabilitation 
VI. Outcome Measures 



Anatomy of the Shoulder 

• Four Joints 
– Glenohumeral Joint 

• Most mobile 
• Most unstable 

– Scapulothoracic Joint 
• Not a true joint 

– Sternoclavicular Joint 
– Acromioclavicular Joint 

Presenter
Presentation Notes
Because of its structure, the GH joint has more mobility than any other single joint in the human body. It consists of a small glenoid fossa, the lateral most portion of the scapula, and the humeral head, which is about 3-4 times larger than the shallow glenoid fossa. The humeral head also has a normal posterior rotation or retroversion, in the transverse plane of ~30*. The glenoid fossa faces laterally from the scapula and is oriented posteriorly with a slight superior tilt. This tilt may assist with decreasing instability by providing a greater resistance to forces in an inferior direction.

The scapulothoracic joint is not a true joint. It is between the anterior portion of the scapula and posterior thorax and ribcage. The scapula sits between the 2nd and 7th thoracic vertebrae and is angled 30-45* from the coronal plane which places the glenoid fossa anteriorly, and is known as the plane of the scapula, or scaption. It should also be upwardly rotated and anteriorly tipped 10-20* from the vertical.

The SC joint is between the medial end of the clavicle and the lateral portion of the sternum, whereas the AC joint is between the lateral end of the clavicle and the medial end of the acromion.

Cite:
1. Ellenbecker TS, Manske RC, Kelley MJ. The Shoulder: Physical Therapy Patient Management Utilizing Current Evidence. In: Hughes C, ed. Current Concepts of Orthopaedic Physical Therapy. 3rd ed. 2011.



Bony Landmarks Involved in 
Impingement 



Labrum, Capsule, and 
Ligaments 

• Labrum 
– Fibrocartilage tissue surround 

the glenoid 
– Deepens the fossa 

• Capsule and Ligaments 
– Three openings in the capsule 
– Superior, Middle, and Inferior 

GH Ligaments 

Presenter
Presentation Notes
The glenoid labrum is fibrocartilage tissue that surrounds the glenoid. It deepens the fossa and supplies a negative intraarticular vacuum effect which seals the joint and assists with stability. When the capsule or labrum are injured, this seal can be broken resulting in GH instability.

The capsule and ligaments have almost double the surface area of the humeral head. The capsule arises from the glenoid neck and the labrum and inserts onto the articular margin of the anatomical neck of the hh. There are three openings – one is between the two tubercles allowing the biceps tendon to exit the joint, the second is anteriorly below the coracoid process which establishes a communication between the joint and the subscapularis bursa, and the third is posterior, where an opening may exist between the joint and a bursal sac beneath the infraspinatus tendon.

The SGHL provides restriant to inferior translations of the hh when the arm is down at the side
The MGHL provides restriant to anterior humeral translation with the arm in mid range abduction up to about 45* and limits ER with the arm at the side
The IGHL complex has a thickened anterior and posterior band, as well as a hammock-type axillary pouch
The anterior and posterior bands limit anterior or posterior translation when the GH joint is abducted to 90* and coupled with ER or IR respectively. The IGHL also limits inferior translations when the arm is fully abducted.

Cite:
1. Ellenbecker TS, Manske RC, Kelley MJ. The Shoulder: Physical Therapy Patient Management Utilizing Current Evidence. In: Hughes C, ed. Current Concepts of Orthopaedic Physical Therapy. 3rd ed. 2011




Local Muscles and Tendons 

Presenter
Presentation Notes
Some of the muscles that are involved in impingement, either directly impinged or a tissue that effects the joint and may be involved, include the RC muscles, the serratus anterior, deltoid, pectorals, trapezius muscles and rhomboids.



Biomechanics of the Shoulder 
Complex 

• http://www.youtube.com/watch?v=_Ia0VvT81
xc 

• Force Couples 
1. Deltoid + Rotator Cuff 
2. Upper Trapezius + Serratus Anterior  
3. Anterior + Posterior Rotator Cuff Muscles 

Presenter
Presentation Notes
Scapulohumeral rhythm refers to the contributions of multiple joints to create shoulder elevation. There is believed to be approximately 2* of GH motion for every 1* of scapular motion, meaning that in order to achieve a full 180* of elevation, 120* is contributed by humeral elevation and the remaining 60* is due to scapular rotation.




Deltoid and Rotator Cuff 

Presenter
Presentation Notes
The deltoid and rotator cuff force couple produces the largest amount of force. During initial arm elevation, the more powerful deltoid pulls the humerus up and out. If this motion is unopposed, the humeral head would migrate superiorly causing the greater tuberosity to impact the undersurface of the acromion. The infraspinatus, subscapularis, and teres minor counteract this by directing a force inferiorly and medially. The supraspinatus provides a direct compression force, compressing the hh into the glenoid working to approximate the joint1.

Cite:
1. Ellenbecker TS, Manske RC, Kelley MJ. The Shoulder: Physical Therapy Patient Management Utilizing Current Evidence. In: Hughes C, ed. Current Concepts of Orthopaedic Physical Therapy. 3rd ed. 2011.
2. Mulligan EP. Scapular Significance an orthopedic therapeutic perspective. Continuing Ed. 2014. Available at: http://www.continuing-ed.cc/hsscapular/scapularsignificancehandout.pdf. Accessed January 27, 2014.




Upper Trapezius and Lower Serratus Anterior 
Lower Trapezius and Upper Serratus Anterior 

Presenter
Presentation Notes
The force couple between the upper trapezius and serratus anterior exists to produce upward rotation of the scapula during shoulder elevation. This force couple serves 4 crucial functions in the shoulder – it allows for rotation of the scapula while maintaining the glenoid surface for optimal positioning, it maintains efficient length tension relationship for the deltoid, it prevents impingement of the RC from the subacromial structures, and it provides a stable scapular base enabling appropriate recruitment of the scapulohumeral muscles1. The upper trap and lower serratus work together while the lower trap and upper serratus work together to produce upward rotation. The trapezius is going to be more active in abduction while the serratus is going to be more active in flexion. Once the axis of rotation reaches the AC joint, the lower trap and lower serratus can become much more effective. The first 30-90* are going to be powered by the upper trap and serratus, while the final 90-180* are going to be powered by the lower trap and serratus2. 

Cite:
1. Ellenbecker TS, Manske RC, Kelley MJ. The Shoulder: Physical Therapy Patient Management Utilizing Current Evidence. In: Hughes C, ed. Current Concepts of Orthopaedic Physical Therapy. 3rd ed. 2011.
2. Mulligan EP. Scapular Significance an orthopedic therapeutic perspective. Continuing Ed. 2014. Available at: http://www.continuing-ed.cc/hsscapular/scapularsignificancehandout.pdf. Accessed January 27, 2014.



Anterior + Posterior RC 
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Presentation Notes
The last force couple is between the anterior subscapularis and posterior infraspinatus and teres minor. This force couple creates an inferior dynamic stability by depressing the humeral head and the concavity compression mechanism similar to that of the supraspinatus in the first force couple, which compresses the humeral head into the glenoid. These muscles are active in mid ranges of shoulder elevation1.

Cite:
1. Ellenbecker TS, Manske RC, Kelley MJ. The Shoulder: Physical Therapy Patient Management Utilizing Current Evidence. In: Hughes C, ed. Current Concepts of Orthopaedic Physical Therapy. 3rd ed. 2011.
2. Mulligan EP. Scapular Significance an orthopedic therapeutic perspective. Continuing Ed. 2014. Available at: http://www.continuing-ed.cc/hsscapular/scapularsignificancehandout.pdf. Accessed January 27, 2014.




Review 

• Which force couple is not working properly 
when there is increased superior translation of 
the humeral head? 

Presenter
Presentation Notes
Possibly all 3! 
Deltoid is unopposed by infra, sub, and teres minor
If the traps and serratus aren’t firing together, you may not get the upward rotation of the scapula allowing the hh to be compressed into the glenoid earlier in abduction
Third force couple should depress the hh into the glenoid




Phases of the Pitch 

Presenter
Presentation Notes
There are a couple different variations of the different phases of the baseball pitch, however most include the windup, early and late cocking, acceleration, deceleration, and the follow through. 

Windup – The objective of the windup phase is to put the pitcher in a good starting position45. It begins when the pitcher initiates movement and the leg raises. There is relatively straight posture while the arms remain stationary in front of the body43.

Early Cocking or Stride – This phase begins when the lead leg begins to fall and move toward the target and the two arms separate from each other43,44. The shoulder is abducted, raising the elbow to prepare for late cocking, this phase ends with the foot planting.

Late Cocking – This phase ends at maximal ER of the shoulder with the infraspinatus and teres minor stabilizing humerus rotation43,44. When this phase begins with the foot plant, we also will begin the action of the kinetic chain as the pelvis and upper torso are going to rotate to face the batter44.

Acceleration – The kinetic chain is made up of the foot plant followed by trunk rotation, shoulder rotation, elbow translation and wrist translation. The hips should rotate ahead of the shoulders, stretching the muscles of the core and increasing the force with which the core muscles can contract45. The triceps will allow for rapid forearm extension. This phase can have an internal angular velocity of ~ 7600 degrees/second at the shoulder43. 

Deceleration – Post release deceleartion of the arm and the pitching muscles begin to relax. This phase ends when the shoulder has reached its maximum IR43,44.

Follow through – natural momentum-guided motion. The back leg raises to stabilize the pitchers position and the phase ends when the pitcher regains a balanced position43,44.

Cite:
43. Mohammad S. Biomechanics of Baseball Pitching. [PowerPoint]. Philadelphia, PA: University of Pennsylvania.
44. Phelps D. Pitching in Baseball Website. Description of Pitching Phases. Available at: http://pitchinginbaseball.weebly.com/pitching-phases.html. Accessed March 14, 2014.
45. Oleary C. Pitching Mechanics Website. A revised baseball pitching cycle. Updated March 11, 2009. Available at: http://www.chrisoleary.com/projects/PitchingMechanics101/Essays/RevisedBaseballPitchingCycle.html. Accessed March 14, 2014. 
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Shoulder Impingement Classifications 

• Primary Compressive Disease/Primary 
Impingement 

• Secondary Compressive Disease/Secondary 
Impingement 

• Posterior Impingement 

Presenter
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Cite:
Ellenbecker TS, Manske RC, Kelley MJ. The Shoulder: Physical Therapy Patient Management Utilizing Current Evidence. In: Hughes C, ed. Current Concepts of Orthopaedic Physical Therapy. 3rd ed. 2011.




Primary (Subacromial) Impingement 

• Compression of the RC tendons and/or 
subacromial bursa between the humeral head 
and 
– Anterior 1/3 of Acromion 
– Coracoacromial Ligament 
– Coracoid 
– AC Joint 

Presenter
Presentation Notes
Primary Impingement is a direct result of compression of the RC tendons and subacromial bursa between the hh and overlying anterior 1/3 of the acromion, CA ligament, coracoid, or AC joint1. For baseball players, the positions of the shoulder in forward flexion, horizontal adduction, and IR during the acceleration and follow-through phases of the throwing motion are likely to produce primary impingement due to abrasion of the supraspinatus, infraspinatus, or biceps tendon3.

Cite:
Ellenbecker TS, Manske RC, Kelley MJ. The Shoulder: Physical Therapy Patient Management Utilizing Current Evidence. In: Hughes C, ed. Current Concepts of Orthopaedic Physical Therapy. 3rd ed. 2011.
3.  Fleisig GS, Andrews JR, Dillman CJ, Escamilla RF. Kinetics of baseball pitching with implications about injury mechanisms. Am J Sports Med. 1995;23:233-239.



• Stage I – Edema and Hemorrhage 
– Younger, athletic population 

• Stage II – Fibrosis and Tendinitis 
– Ages 25-40 years 

• Stage III – Bone Spurs and Tendon Rupture 

Neer’s Staging of Primary 
Impingement 

Presenter
Presentation Notes
Stage I results from mechanical irritation of the tendon by the impingement incurred with OH activity. This is typically observed in younger athletic patients and is a reversible condition with conservative physical therapy. The primary signs and symptoms of this stage include a complaint of a dull ache after activity, positive impingement sign, painful arc of movement, and varying degrees of muscular weakness4.

Stage II occurs from repeated episodes of mechanical inflammation and may include thickening or fibrosis of the subacromial bursa. This is typically seen between the ages of 25 and 40 years. They will have additional complaints of night pain and pain limiting activity.

Stage III is the result of continued mechanical compression of the RC tendons. It is not reversible by activity modification and can lead to full thickness and partial thickness tears of the RC, biceps tendon lesions, and bony alterations of the acromion and AC joint. Bigliani et al5 described 3 types of acromions: type I is flat, provides the least compromise to the supraspinatus tendon, type II is curved, and type III is hooked. They found that 70% of cadaveric shoulders with a full thickness rotator cuff tear displayed a hooked acromion, which is Type III in the image, indicating changes in the acromial architecture as a potential cause, while only 3% had a type I acromion5. 

Cite:
4. Neer CS. Impingement lesions. Clin Orthop. 1983;173:70-77.
5. Bigliani LU, Ticker JB, Flatow EL, et al. The relationship of acromial architecture to rotator cuff disease. Clin Sports Med. 1991;10:823-828.



Secondary Impingement 

• Result of underlying instability of GH joint 
– Throwing/overhead activities  Anterior 

instability 

• Increased humeral head translation 
– Biceps tendon 
– RC tendons 

Presenter
Presentation Notes
Secondary impingement or compressive symptoms may result from abnormal arthrokinematics and underlying instability of the GH joint. Attenuation of static stabilizers of the GH joint, such as the capsular ligaments and labrum from excessive demands incurred with throwing or OH activities, can lead to anterior instability1.
 
Because of increase hh translation, the biceps tendon and RC can become impinged. This can lead to a progressive loss of GH joint stability as the RC is diminished through fatigue and tendon injury and is no longer an effective dynamic stabilizer1.

Cite:
1. Ellenbecker TS, Manske RC, Kelley MJ. The Shoulder: Physical Therapy Patient Management Utilizing Current Evidence. In: Hughes C, ed. Current Concepts of Orthopaedic Physical Therapy. 3rd ed. 2011.




Posterior Impingement 

• Placement of the shoulder in 90* abduction 
and 90* ER 
– Supraspinatus and infraspinatus tendons 

Presenter
Presentation Notes
Posterior impingement is sometimes referred to as internal impingement. It occurs when there is impingement of the soft tissues between the humeral head and posterior glenoid labrum6, 7, 8. Placement of the shoulder in the 90/90 position, with 90* of abduction and ER, causes the supraspinatus and infraspinatus tendons to rotate posteriorly. The undersurfaces of the tendons rub on the posterior-superior glenoid lip and become compressed between the hh and the posterior-superior glenoid rim.

The presence of anterior translation of the hh with maximal ER and 90* abduction can produce mechanical rubbing and fraying on the undersurface of the RC tendons. Additional damage can be done by the posterior deltoid if the RC is not functioning properly, as the posterior deltoid pushes the hh against the glenoid. Walch and associates arthroscopically evaluated 17 throwing athletes with shoulder pain during throwing and found undersurface impingement that resulted in 8 partial thickness RC tears and 12 lesions in the posterior-superior labrum9. Additional research has confirmed this concept in the overhead athlete. Halbrecht et al performed MRI studies on baseball pitchers in the 90/90 position and showed contact of the undersurface of the supraspinatus tendon against the posterior superior glenoid in all 10 pitchers examined10. Paley et al also did an arthroscopic evaluation of the dominant shoulder of 41 professional throwing athletes and found that 41 of 41 dominant shoulders had posterior undersurface impingement between the RC and posterior-superior glenoid11.

Cite:
6. Castagna A, Garofalo R, Cesari E. Posterior superior internal impingement: an evidence-based review. Br J Sports Med. 2010;44:382-388.
7. Ellenbecker TS, Cools A. Rehabilitation of shoulder impingement syndrome and rotator cuff injuries: an evidence based review. Br J Sports Med. 2010;44:319-327.
8. Laudner KG, Myers JB, Pasquale MR, et al. Scapular Dysfunction in Throwers with Pathologic Internal Impingement. JOSPT. 2006;36(7):485-494.
9. Walch G, Boileau P, Noel E, Donell ST. Impingement of the deep surface of the supraspinatus tendon on the posterosuperior glenoid rim: an arthroscopic study. J Shoulder Elbow Surg. 1992;1:238-245.
10. Halbrecht JL, Tirman P, Atkin D. Internal impingement of the shoulder: comparison of findings between the throwing and nonthrowing shoulders of college baseball players. Arthroscopy. 1999;15(3):253-258.
11. Paley KJ, Jobe FW, Pink MM, et al. Arthroscopic findings in the overhand throwing athlete:e evidence for posterior internal impingement of the rotator cuff. Arthroscopy. 2000;16(1):35-40.



Overhead Athletes and Impingement 

• Predisposition 
– Repetitive motions 
– Joint changes 

• Decreased upward scapular rotation 
• Decreased scapular posterior tilt 
• Increased SC elevation 
• Increased humeral retrotorsion and glenoid 

retroversion 
• Increased ER 
• Decreased IR and horizontal adduction 

Presenter
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Overhead throwing involves a combination of skilled movement while transmitting large forces through the shoulder. The shoulder must be balanced between mobility and stability. It needs to be loose enough to throw, meaning they need excess ER for proper throwing12, but needs to have the stability to prevent injury and subluxation. This balance is often compromised due to the repetitive forces upon the surrounding tissues that result in functional adaptations. Many researchers have documented a difference between IR motion of the dominant throwing shoulder and the nondominant shoulder8, 13-18 as well as a difference in ER motion. Slight impingement is seen in the asymptomatic shoulders when the arm is brought into the 90/90 position, however the biomechanics of the throwing motion intensify the contact of this normal physiological occurrence8. It is hypothesized that the deceleration phase of the throwing motion is a major contributor to the development of posterior shoulder soft tissue tightness. During the follow through, the posterior capsule is in a position to be the primary restraint of these deceleration forces and thus tightens, which alters the athletes available ROM12. Posterior capsule tightness has been associated with SLAP lesions, posterior (internal) impingement and subacromial, or primary, impingment12.

Research has demonstrated that throwers with impingement have both decreased upward scapular rotation and decreased posterior tilting during humeral elevation8. A study done by Laudner et al found that throwers diagnosed with pathological posterior (internal) impingement demonstrate statistically significant increases in SC elevation when elevating the humerus from 30-120* in the scapular plane, and scapular posterior tilt compared to throwers without this impingement8. Other studies have demonstrated that baseball pitchers exhibit increased proximal humeral retrotorsion and glenoid retroversion in their throwing shoulders which are thought to be morphologic adaptations resulting from throwing during skeletal development. These two changes are thought to be protective against shoulder injury, however that has not yet been confirmed19, 20.

A lot of the problems that come with diagnosing the type of impingement in this population is determining the cause versus the effect. These athletes may not have any muscular imbalances initially, and the cause of injury could be due to continued stress to the supraspinatus tendon due to the repetitive nature of their throwing motion coupled with insufficient rest creating microtrauma to the tendon. It also could be due to the joint changes that take place from the continued repetitive motion of the throw while they are skeletally still developing. These would place them in the primary impingement category.

References:
8. Laudner KG, Myers JB, Pasquale MR, et al. Scapular Dysfunction in Throwers with Pathologic Internal Impingement. JOSPT. 2006;36(7):485-494.
12. Kennedy DJ, Visco CJ, Press J. Current Concepts for Shoulder Training in the Overhead Athlete. Curr Sports Med Rep. 2009;8(3):154-160.
13. Laudner K, Lynall R, Meister K. Shoulder Adaptations Among Pitchers and Position Players Over the Course of a Competitive Baseball Season. Clin J Sport Med. 2013;23(3):184-189.
14. Laudner KG, Moline M, Meister K. Lack of a relationship between glenohumeral external-rotation strength and posterior shoulder tightness in baseball players. J Sport Rehabil. 2012;21(1):12-17. 
15. Maenhout A, Van Eessel V, Van Dyck L, et al. Quantifying Acromiohumeral Distance in Overhead Athletes with Glenohumeral Internal Rotation Loss and Influence of a Stretching Program. Am J Sports Med. 2012;40(9):2105-2112.
16. Oyama S, Goerger CP, Goerger BM, Lephart SM, Myers JB. Effects of non-assisted posterior shoulder stretches on shoulder range of motion among collegiate baseball pitchers. Athletic Training & Sports Health Care: The Journal for the Practicing Clinician. 2010;2(4):163-170. https://auth-lib-unc-edu.libproxy.lib.unc.edu/ezproxy_auth.php?url=http://search.ebscohost.com.libproxy.lib.unc.edu/login.aspx?direct=true&db=s3h&AN=52408169&site=ehost-live. Accessed 9/10/2013 12:11:09 PM.
17. Polster JM, Bullen J, Obuchowski NA, et al. Relationship Between Humeral Torsion and Injury in Professional Baseball Pitchers. Am J Sports Med. 2013;41(9):2015-2021.
18. Wilk KE, Macrina LC, Fleisig GS, et al. Correlation of glenohumeral internal rotation deficit and total rotational motion to shoulder injuries in professional baseball pitchers. Am J Sports Med. 2011;39(2):329-335.
19. Crockett HC, Groww LB, Wilk KE, et al. Osseous adaptation and range of motion at the glenohumeral joint in professional baseball pitchers. Am J Sports Med. 2002;30(1):20-26.
20. Wyland DJ, Pill SG, Shanley E, et al. Bony adaptation of the proximal humerus and glenoid correlate within  the throwing shoulder of professional baseball pitchers. Am J Sports Med. 2012;40(8):1858-1862.



Muscle Imbalances and Impingement 

• Increased pressure between humeral head and 
coracoacromial arch 
– Dominance of Deltoid 

• Decreased levels of serratus anterior activity 
• Delayed firing of middle and lower trapezius 
• Dominance in upper trapezius, levator scapulae, 

and pectorals 
• Development of the IR and subscapularis > 

posterior RC 

Presenter
Presentation Notes
However, they could also have muscle imbalances initially that cause them to have improper throwing mechanics leading to impingement which would place them in the secondary impingement category.

In addition to the changes in the bony structures, if the RC is not working properly, pressure from the humeral head onto the coracoacromial arch is increased by 60%1. This is due to that first force couple between the deltoid and RC muscles, specifically the subscapularis, infraspinatus, and teres minor. When these muscles aren’t firing at the correct time or when they are weak, the deltoid supplies a powerful superior force on the humeral head that is no longer being opposed during arm elevation. 

Furthermore, patients with impingement syndromes have shown decreased levels of serratus anterior activity, a delay in firing of the middle and lower trapezius muscles, and a dominance in the upper trapezius and levator scapulae, which result in faulty scapulohumeral rhythm1. If the lower trapezius reacts too slowly when compared to the upper trapezius, the upper trapezius may become overactive, leading to scapular elevation rather than upward rotation42. Tightness of the pectoralis major, specifically, creates an anterior force on the glenohumeral joint with a consequent decrease in stability. A tight pectoralis minor will limit scapular upward rotation, ER, and posterior tilt, therby reducing subacromial space43.  This anterior tightness that is limiting ER alters the scapulohumeral rhythm and decreases posterior scapular tilt, whereas posterior capsular tightness, demonstrated often by a loss of IR, may lead to more superior and anterior translation of the hh.  

Additional imbalances in the anterior and posterior RC force couple is frequently a result of development of the IR and subscapularis, without concomitant development of the posterior RC. This can produce tightness anteriorly decreasing stablity and reducing the subacromial space, and further weakness of the posterior RC which will be unable to resist the anterior and superior translation of the hh.

All of these changes just compound the problem, because once you start having faulty and inadequate scapulothoracic motion, you will have a resulting excessive shortening of the rotator cuff musculature, which further decreases their ability to depress the humeral head, leading to increased impingement.

Cite:
1. Ellenbecker TS, Manske RC, Kelley MJ. The Shoulder: Physical Therapy Patient Management Utilizing Current Evidence. In: Hughes C, ed. Current Concepts of Orthopaedic Physical Therapy. 3rd ed. 2011.
42. Page P. Shoulder muscle imbalance and subacromial impingement syndrome in overhead athletes. Int J Sports Phys Ther. 2011;6(1):51-58.



Review 

• Three types of Impingement: 
– Primary/Subacromial 
– Secondary 
– Posterior/Internal 

• Cause versus Effect 
– Does it matter? 

Presenter
Presentation Notes
In review there are three types of impingement

We have primary, or subacromial, which is a result of the compression of tendons due to bony adaptations and the repetitive nature of the throw

We have secondary, which is a result of muscle imbalances and joint instability

And we have posterior, or internal, which is due to excessive friction and compression of the supraspinatus and infraspinatus tendons in the placement of 90* abduction and 90* ER and is typically the result of some hyperlaxity in the anterior direction.

So when you have a patient in the clinic, how do you determine the cause of their impingement, and the effect, especially if they’ve been experiencing symptoms for a longer period of time? I would argue that it doesn’t really matter. Regardless of WHY they had impingement in the first place, they most likely are going to present with a combination of the causes and effects. You can’t treat bony adaptations if that is the cause, but you can alter their throwing mechanics that may have been a cause or an effect secondary to pain. They most likely will have some sort of muscle imbalance or faulty scapulohumeral rhythm that may have been present initially, predisposing them to injury, or may have been an adaptation to avoid painful mechanics or a result of tissue tightness or extensibility, and this too should be corrected. If you simply treat symptoms and ignore one aspect, regardless of if it was the cause or the effect, it can become the cause of reinjury and continued discomfort.
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PT Examination 

• Observation/Posture 

Presenter
Presentation Notes
Evaluation of posture begins with evaluating the shoulder heights of the patient in standing, as well as use of the hands-on-hips position to evaluate the prominence of the scapula against the thoracic wall. Typically, the dominant shoulder is significantly lower than the nondominant shoulder in neutral, nonstressed standing postures. In this position, you also want to observe for muscle development and focal areas of muscle atrophy. You shouldn’t expect to see symmetry from side to side as their dominant throwing extremity will tend to be more developed, however you do want to examine the balance between the muscular development on each side, meaning that your upper trapezius shouldn’t be more developed than your lower trapezius for example. With the hands-on-hips position, having the thumbs pointed posteriorly, the shoulders are placed in approximately 45-50* of abduction with slight IR. This position allows the patient to relax the arms and enables the clinican to observe focal areas of underdevelopment along the scapular border and the infraspinous fossa of the scapula. It is also common to observe the typical forward head and rounded shoulders posture due to the imbalances between anterior and posterior development1. This should be corrected as thoracic kyphosis causes the scapula to become downwardly rotated which slackens the superior GH joint capsule. The RC muscles now have to contract to maintain joint integrity.

Cite:
1. Ellenbecker TS, Manske RC, Kelley MJ. The Shoulder: Physical Therapy Patient Management Utilizing Current Evidence. In: Hughes C, ed. Current Concepts of Orthopaedic Physical Therapy. 3rd ed. 2011.




Scapular Evaluation 

• Normal Movement: Upward rotation + 
Posterior tilting + ER 

• Classifying Dysfunctions 
– Inferior Angle Dysfunction 
– Medial Border Dysfunction 
– Superior Scapular Dysfunction 

Presenter
Presentation Notes
The acquired GH instability, ROM deficits and muscle imbalances in this population result in scapular dyskinesis12. The Kibler scapular slide test can be done in both neutral and 90* elevated positions. A tape measure is used to measure the distance from a thoracic spinous process to the inferior angle of the scapula. A difference of more than 1 – 1.5 cm is considered abnormal and may indicate scapular muscular weakness and poor overall stabilization of the scapulothoracic joint21 It is important to understand that several movements and translations occur in the scapulothoracic joint during arm elevation, including scapular upward and downward rotation, IR and ER, and anterior and posterior tilting. In addition, superior and inferior translation and protraction and retraction occur21. With normal healthy arm elevation, scapular upward rotation, posterior tilting and ER should occur.

There are 3 primary scapular conditions that can be viewed posteriorly in resting stance, with the hands on the hips, and during active movement bilaterlaly in the sagittal, scapular, and frontal planes. These include inferior angle, medial border, and superior scapular dysfunctions21. The inferior angle scapular dysfunction is most commonly seen in patients with rotator cuff impingement due to anterior tipping of the scapula, causing the acromion to be in a more offending position relative to an elevating humerus. Medial border dysfunction results in the patient’s entire medial border being posteriorly displaced from the thoracic wall and is most often witnessed in patients with GH joint instability. And finally, superior scapular dysfunction involves early and excessive superior scapular elevation during arm elevation typically as a result of rotator cuff weakness and force couple imbalances21. Kibler et al21 and additional studies have assessed the effectiveness of visual observation to categorize scapular movement dysfunctions and have found 75-80% agreement between examiners (with kappa coefficients between .48 and .61). These studies support the use of the visual observation method for determining scapular pathology and highlights the need to further apply basic science research on scapular biomechanics to clinical practice1, 21.

In the picture you can see he is kind of squeezing his shoulder blades together and they are pulled away slightly from the rib cage. This can be due to an overactivation of the rhomboidsinstead of the serratus and lower traps kicking in.

In the professional baseball pitching population, Laudner et al, as well as other research studies, have noted a significant interaction between SC joint elevation during humeral elevation from 30-120* for pitchers with internal impingement compared to those with no shoulder pathology. They also found that throwers with impingement exhibited more posterior tilting regardless of the level of humeral elevation. Pathologic shoulders typically present with the appearance of a depressed shoulder caused by scapular protraction, moving the scapula anteriorly and inferiorly. The elevated SC position throughout humeral elevation may be an adaptation to avoid a position of contact between the hh and the posterior-superior lip of the glenoid8.

Cite:
1. Ellenbecker TS, Manske RC, Kelley MJ. The Shoulder: Physical Therapy Patient Management Utilizing Current Evidence. In: Hughes C, ed. Current Concepts of Orthopaedic Physical Therapy. 3rd ed. 2011.
8. Laudner KG, Myers JB, Pasquale MR, et al. Scapular Dysfunction in Throwers with Pathologic Internal Impingement. JOSPT. 2006;36(7):485-494.
12. Kennedy DJ, Visco CJ, Press J. Current concepts for shoulder training of the overhead athlete. Curr Sports Med Rep. 2009;8(3):154-160.
21. Kibler WB. Role of the scapula in the overhead throwing motion. Contemp Orthop. 1991;22:525.



Scapular Evaluation Clinical Tests 
• Scapular Assistance Test (SAT) 
• Scapular Retraction Test (SRT) 
• Flip Sign 

Presenter
Presentation Notes
Additional clinical tests can be used to evaluate the patient with shoulder dysfunction. The SAT test (left bottom picture) involves the assistance of the scapula through the examiner’s hands applied to the inferior medial aspect of the scapula and second hand at the superior base of the scapula to provide an upward rotation assistance-type motion while the patient actively elevates the arm in either the scapular plane or sagittal plane. A negation of symptoms or increased ease in arm elevation resulting in greater ROM with the application of assistance as compared to the patient doing the movement independently determines a positive test. Inter-rater reliability of the SAT ranges from 77% to 91% for flexion and scaption movements. This test demonstrates the favorable changes in scapular kinematics that can produce symptom reduction in patients with shoulder pain secondary to impingement1.

The SRT (pictures on the right) involves retraction of the scapula manually by the examiner while a movement that previously was either unable to be performed due to weakness, instability, or pain is performed by the patient. This can be done for IR and ER at 90* abduction which is a common motion provoking pain in OH athletes with posterior impingement and rotator cuff pathology using a cross handed technique seen in the second picture22. Kinematic changes during the SRT place the GH joint in a biomechanically favorable position for function. This test is not diagnostic, but a positive result indicates scapular dyskinesis may be involved in producing symptoms and scapular muscle rehabilitation should be part of the plan of care.

A final test that can be used during evaluation is the flip sign. This test consists of resisted ER with the shoulder in 0* of abduction by the examiner with visual monitoring to the medial border of the scapula. A positive flip sign is present when the medial border of the scapula “flips” away from the thorax and becomes more prominent, indicating a loss of scapular stability. This would direct the clinician to integrate exercise progressions aimed at the serratus anterior and trapezius force couple to stabilize the scapula23.

Cite:
Ellenbecker TS, Manske RC, Kelley MJ. The Shoulder: Physical Therapy Patient Management Utilizing Current Evidence. In: Hughes C, ed. Current Concepts of Orthopaedic Physical Therapy. 3rd ed. 2011.
22. Mihata T, McGarry MH, Kinoshita M, Lee TQ. Excessive glenohumeral horizontal abduction as occurs during the late cocking phase of the throwing motion can be critical for internal impingement. Am J Sports Med. 2010;38(2):369-374.
23. Kelley MJ, Kane TE, Leggin BG. Spinal accessory nerve palsy: associate signs and symptoms. J Orthop Sports Phys Ther. 2008;38(2):78-86.



Measuring GH Joint ROM 
• Total Rotational Motion 

– Amount of ER + IR at 90 degrees abduction 

• Glenohumeral IR Deficit (GIRD) 
– Loss of IR of the throwing shoulder compared to 

non-throwing shoulder 
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Selective loss of IR ROM on the dominant throwing extremity has been consistently reported in overhead athletes such as collegiate and professional baseball pitchers. Typically a goniometric method using an anterior containment force by the examiner on the coracoid process to minimize scapulothoracic contribution and substitution is recommended to better isolate and represent GH rotational motion. This loss of IR is important to recognize as a relationship between it and both increased anterior superior humeral head migration has been identified. This anterior-superior shift is also present in cadaveric specimens with posterior capsular tightness. During the throwing motion, posterior inferior capsular tightness not only increases the subacromial contact of the RC but also increases the contact area compared to normal capsular conditions, indicating peak subacromial contact force occurring during the follow-through phase of the pitching motion1.

Many studies have analyzed GIRD or glenohumeral IR deficit. This is the loss of IR of the throwing shoulder compared to the nonthrowing upper extremity. Wilk et al found that pitchers with GIRD > 20*, meaning that they have 20* less IR on their throwing side compared to the nonthrowing side, exhibited almost 2x the risk of sustaining a shoulder injury than pitchers without GIRD. Furthermore, Wilk et al found that pitchers whose total rotational motion comparison was greater than 5* exhibited a 2.5 times greater risk of sustaining a shoulder injury18. GIRD needs to be looked at within the context of total rotational motion, though. It appears through the research that the more important issue is to maintain the TRM between 5* on each side. As you stretch to increase IR PROM, thereby treating the GIRD, you may cause an increase of TRM outside of the 5* acceptable window compared with the contralateral shoulder. This may lead to an increased risk of injury because of the increased demands on the dynamic and static stabilizers surrounding the shoulder joint18. 

Cite:
1. Ellenbecker TS, Manske RC, Kelley MJ. The Shoulder: Physical Therapy Patient Management Utilizing Current Evidence. In: Hughes C, ed. Current Concepts of Orthopaedic Physical Therapy. 3rd ed. 2011.
12. Kennedy DJ, Visco CJ, Press J. Current Concepts for Shoulder Training in the Overhead Athlete. Curr Sports Med Rep. 2009;8(3):154-160.
18. Wilk KE, Macrina LC, Fleisig GS, et al. Correlation of glenohumeral internal rotation deficit and total rotational motion to shoulder injuries in professional baseball pitchers. Am J Sports Med. 2011;39(2):329-335.




Rotator Cuff MMT and Strength 
Evaluation 

• Supraspinatus 
– 90 degrees elevation in scaption, thumb pointing up; 

patient seated 
– “Full Can Position” 

• Infraspinatus 
– Elbow flexed 90 degrees, GH IR 45 degrees from 

neutral; patient seated 
• Teres Minor 

– 90 degrees abduction in the scaption plane and 90 
degrees ER; giving resistance into IR 

• Subscapularis 
– Gerber lift-off position 
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Kelly et al24 usied electromyograhy to determine the optimal position for testing the muscles of the rotator cuff in human subjects. The four criterion that were used were: maximal activation of the muscle, minimal contribution from shoulder synergists, Minimal provocation of pain, and good test-retest reliability24. They found the optimal muscle testing position for the supraspinatus to be at 90* of elevation in the scaption plane with the patient seated. The arm was rotated into ER such that the thumb was pointing upwards toward the ceiling. This is also known as the full can position. Jobe et al has also advocated the empty can test position which has been found to have high levels of supraspinatus muscular activation as well, but may provoke pain in some patients.

For the infrasinatus the optimal position was found for the patient to be seated with their arm by their side , elbow flexed to 90* and in 45* IR from neutral. 

The position for the teres minor has been reported as 90* GH joint abduction in the scapular plane and 90* of ER. The subscapularis was found to be most active in the Gerber lift-off position. This position has the patient place the dorsal aspect of their hand resting on their mid-lumbar spine. The patient then attempts to lift their hand away from their back.

In patients with only subtle muscular weakness or muscular imbalances, however, hand held dynamometers may be used to assess isometric muscular performance may provide more information on the individual’s strength1.

Cite:
Ellenbecker TS, Manske RC, Kelley MJ. The Shoulder: Physical Therapy Patient Management Utilizing Current Evidence. In: Hughes C, ed. Current Concepts of Orthopaedic Physical Therapy. 3rd ed. 2011.
24. Kelly BT, Kadrmas WH, Speer KP. The manual muscle examination for rotator cuff strength. An electromyographic investigation. Am J Sports Med. 1996;24:581-588.



Review 

• Assess posture 
• Evaluate scapula 
• Evaluate ROM, specifically TRM 
• Optimal positioning for maximal activation 

with MMT 
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So in review, we want to assess their posture both static and dynamic, looking for any alterations in their bony alignment or faulty scappulohumeral rhythm. 

We can evaluate their scapula through use of the scapular assist test, scapular retraction test, and the flip sign.
 
We want to evaluate the glenohumeral ROM. You can assess side to side differences with GIRD, but more importantly we want to assess the difference in total rotational motion between sides.

And finally you want to include a strength assessment, placing each muscle in its optimal position to allow for maximal activation



I. Anatomy and Biomechanics 
II. Shoulder Impingement Classifications 
III. PT Examination 
IV. Special Tests 
V. Rehabilitation 
VI. Outcome Measures 



Special Tests for Impingement 
• Neer Test 

– Specificity 53-69% 
– Sensitivity 68-81% 

• Hawkins-Kennedy (Park HB. J Bone Joint Surg Am. 2005;87(7):1446-1455.) 
– Specificity 59-67% 
– Sensitivity 63-79% 

• Yokum Test (Silva L. Rheumatology. 2008;47(5):679-683) 

– Specificity 40% 
– Sensitivity 79% 
– +LR 1.32; -LR .98 

• Internal Rotation Resistance Strength Test (Zaslav KR. J Shoulder 
Elbow Surg. 2001;10(1):23-27) 
– Specificity 96% 
– Sensitivity 88% 

 

CPR for Impingement: 3 
or more positive tests 
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Tests to identify GH impingement primarily involve the re-creation of subacromial shoulder pain  minimizing functional positions in which significant subacromial compression is present. These tests can give important insight into positions that should be avoided in the exercise progressions used during treatment following evaluation, as the use of exercises that simulate impingement positions is not recommended1. The Neer impingement sign, hawkins-kennedy, coracoid impingement test, and cross arm adduction all involve passive movement of the GH joint. The yocum test, involves the active combination of elevation with IR and can provide a valuable understanding of the patient’s ability to control superior humeral head translation during active arm elevation in a compromised position. Psychometric properties of the tests vary across studies. Tests with high specificity are good for diagnosing conditions but specificity when considered alone may lead to increased false negatives. Tests with high sensitivity are particularly good at screening for a disease, however they can lead you to get some false positives25. The highest quality papers suggest that the Neer and Hawkins-Kennedy tests may have some value as a screening tools for impingement but are not great diagnostic tools.

The yokum test has been poorly examined. High sensitivity suggests that this test may have value as a screening test but the low specificity and unimpressive likelihood ratios suggest that it is a poor test for diagnosis26.

The IRRST also hasn’t been frequently examined, however the high specificity and sensitivity suggest that this is a high quality test for both screening and diagnosis27.

Consistent findings from multiple studies indicate there is moderately strong evidence that 3 or more positive impingement tests is a good predictor of sub acromial impingement and better than the individual tests alone28, 29.

Cite:
Ellenbecker TS, Manske RC, Kelley MJ. The Shoulder: Physical Therapy Patient Management Utilizing Current Evidence. In: Hughes C, ed. Current Concepts of Orthopaedic Physical Therapy. 3rd ed. 2011.
25. Woolf AD. How to assess musculoskeletal conditions. History and physical examination. Best Pract Res Clin Rheumatol. 2003 Jun;17(3):381-402.
26. Silva L, et al. Accuracy of Physical examination in subacromial impingement syndrome. Rheumatology (Oxford, England). 2008;47(5):679-683.
27. Zaslav KR. Internal rotation resistance strength test: a new diagnostic test to differentiate intra-articular pathology from outlet (neer) impingement syndrome in the shoulder. Journal of shoulder and elbow surgery. 2001;10(1):23-27.
28. Park HB, Yokota A, Gill HS, et al. Diagnostic accuracy of clinical tests for the different degrees of subacromial impingement syndrome. Journal of Bone and Joint Surgery. 2005;87A(7):1446-1455. 
29. Michener LA, et al. Reliability and diagnostic accuracy of 5 physical examination tests and combination of tests for subacromial impingement. Archives of physical medicine and rehabilitation. 2009;90(11):1898-1903.



Degree of RC Disease 

• Hawkins-Kennedy, Painful Arc, Infraspinatus 
Strength for any impingement 
– All + : LR = 10.56; Post-test Probability = 0.95 
– All - : LR = 0.17; Post-test Probability = 0.24  

• Painful Arc, Drop Arm, Infraspinatus Strength for 
full-thickness RC tear 
– All + : LR = 15.57; Post-test Probability = 0.91 
– All - : LR = 0.16; Post-test Probability = 0.09 

• With Age 
– All + & Age > 60: LR = 28.0; Post-test Probability = 0.95 
– All - & Age < 60: LR = 0.09; Post-test Probability = 0.06 
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In addition to simply identifying whether or not subacromial impingement is present, Park et al performed a study to determine the best diagnostic tools for varying severity of RC disease including subacromial impingement alone with no RC disease, a partial RC tear, and a full thickness RC tear. They performed 8 different clinical diagnostic tests for impingement syndrome  and compared them to plain anteroposterior radiographs of IR, ER, and axillary views prior to the subjects undergoing shoulder surgery.

The infraspinatus muscle strength test they used was with the patient in a position of elbow flexion to 90, with the arm adducted to the trunk in neutral rotation. The clinician applies an IR force while the patient resists. A positive test is assigned with findings of giving way due to weakness or pain, or a positive ER lag sign, which is the inability to hold in maximal ER. 

They found that if the Hawkins-Kennedy test, painful arc test, and Infraspinatus muscle strength test were all positive, the likelihood ratio was 10.56 with a post-test probability of .95 for any degree of impingement, indicating that if a patient has all three of these tests positive, then you can be 95% sure that they have some degree of impingement. If these 3 tests were negative, the likelihood ratio was 0.17 with a post test probability of .24 indicating that the likelihood of having impingement when you have 3 negative tests was < 24%.

If the painful arc test, drop arm test, and infraspinatus muscle strength test were all +, the likelihood ratio was 15.57 with a post test probability of .91 for a full thickness RC tear, whereas if they were all negative, the likelihood ratio was .16 with a post test probability of .09 indicating that the probability of a full thickness tear is very low.

The researchers also grouped the patients according to age, either older or younger than 60, and found a significant correlation only between age and the presence of a full thickness tear. They found that if the 3 tests were + and the patient was older than 60 years, the likelihood of having a FT tear was 95%. For those under the age of 60 with all negative tests, there was a 6% chance that their symptoms are representative of a full thickness tear, indicating that it is very unlikely.

Cite:
28. Park HB, Yokota A, Gill HS, et al. Diagnostic accuracy of clinical tests for the different degrees of subacromial impingement syndrome. Journal of Bone and Joint Surgery. 2005;87A(7):1446-1455. 



Review 

• You find the following results with a 24-year 
old baseball pitcher: 
– Positive Painful Arc 
– Positive Hawkins-Kennedy 
– Negative IRRST 
– Tender to palpation at anterior acromial edge 
– Positive Infraspinatus Muscle Strength test 

• How would you classify his injury, if any? 

Presenter
Presentation Notes
There is a 95% probability that they have some form of impingement. You would need to do a drop arm test to determine if they had a full thickness tear, where a positive result would cause you to believe, with 91% confidence, that they do have a full thickness tear. 



I. Anatomy and Biomechanics 
II. Shoulder Impingement Classifications 
III. PT Examination 
IV. Special Tests 
V. Rehabilitation 
VI. Outcome Measures 



Rehabilitation  Goals 

1. IR of dominant arm within 12-20 degrees 
2. Total rotational motion within 5 degrees 
3. Stretch tight structures 
4. Strengthen weak scapula stabilizers 
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The most critical part of the rehabilitation process is to understand the different injury mechanisms of impingement and how these can lead to further rotator cuff damage if the underlying cause is not addressed. This includes differentiating between primary, secondary, and posterior or internal impingement. Treatment should focus upon a stepwise rehabilitation program with emphasis upon correcting the underlying biomechanical deficits, such as ROM, strength imbalances, and scapular dyskinesis, and injury prevention before focusing on the patient’s return to play12. You should emphasize controlling inflammation, restoring muscle balance, improving soft tissue flexibility, and enhancing both proprioception and neuromuscular control when it comes to selecting interventions12.

According to multiple studies8,12, 18, when it comes to setting goals, we want to address the ROM deficits by improving GIRD to within 12-20 degrees of the nondominant arm, as anything greater than this has shown to increase the risk of shoulder injury in the overhead athlete. Along these same lines, though and possibly more importantly, we want to keep the shoulders TRM within 5 degrees of one another to avoid placing them at an increased risk. This is an important goal, because if we just focus on improving IR of the dominant shoulder to treat GIRD, we will increase the TRM and by doing too much and falling outside of the 5* range, we are increasing their risk for further injury18. Additionally we want to include postural correction exercises to stretch tight structures, such as the pectorals, and strengthen the weak scapula stabilizers8,12 .
 
Cite:
8. Laudner KG, Myers JB, Pasquale MR, et al. Scapular Dysfunction in Throwers with Pathologic Internal Impingement. JOSPT. 2006;36(7):485-494.
12. Kennedy DJ, Visco CJ, Press J. Current concepts for shoulder training of the overhead athlete. Curr Sports Med Rep. 2009;8(3):154-160.
18. Wilk KE, Macrina LC, Fleisig GS, et al. Correlation of glenohumeral internal rotation deficit and total rotational motion to shoulder injuries in professional baseball pitchers. Am J Sports Med. 2011;39(2):329-335.




Early Management 

• Pain Control 
• Rest 
• Pain-Free ROM 
• Kinetic Chain Training 
• Modalities? 
• Submaximal Contractions (5-50% maximum 

voluntary isometric contraction) 
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During the first stage of rehab, the focus should be on pain control, rest and pain free ROM12. Protection of the RC against mechanical compression must be undertaken by modifying ergonomic, sport-specific, and ADL postures and movement patterns1. At this point, the beginning of kinetic chain training can occur with identifying hip and shoulder motion asynchronies during the overhead motion. This can be accomplished by reviewing video or having observed these behaviors. The hip and shoulder motion should be synchronized to help use the full force transmission potential of the kinetic chain, and can commence prior to achieving full pain-free ROM12. 

Modalities can be applied to promote improved blood supply and to decrease pain levels; however present research is lacking regarding the identification of a clearly superior modality, or sequence of modalities for early management of tendon pathology in the shoulder. One study highlights the important of early submaximal exercise in increasing local blood flow. Jensen et al30 studied the effects of submaximal contractions in the supraspinatus tendon. Results showed that even submaximal contractions increased perfusion during all one-minute contractions, but produced a postcontraction latent hyperemia. These findings provide a rationale for the early use of IR and ER isometrics or submaximal manual resistance in the scapular plane with low levels of elevation to prevent any subacromial contact early in the rehablitation process1.

Cite:
Ellenbecker TS, Manske RC, Kelley MJ. The Shoulder: Physical Therapy Patient Management Utilizing Current Evidence. In: Hughes C, ed. Current Concepts of Orthopaedic Physical Therapy. 3rd ed. 2011.
12. Kennedy DJ, Visco CJ, Press J. Current concepts for shoulder training of the overhead athlete. Curr Sports Med Rep. 2009;8(3):154-160.
30. Jensen BR, Sjogaard G, Bornmyr S, et al. Intramuscular laser-Doppler flowmetry in the supraspinatus muscle during isometric contractions. Eur  Appl Physiol Occup Physiol. 1995;71:373-378.




Scapular Stabilization 
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A key component of the early management is scapular stabilization IF this was found to be an issue on the initial examination. Manual techniques are recommended to directly interface the clinician and the patient’s scapula, bypassing the GH joint, and to allow for repetitive scapular exercise without undue stress to the RC tendons. Scapular retraction posturing in this population is important as scapular protraction reduces the width of the subacromial space. Activation of the serratus anterior and lower trapezius force couple is imperative to enable scapular upward rotation and stabilization during arm elevation1. Furthermore, scapular upward rotation is one of several possible causes of higher injury rates among pitchers. Laudner et al13 found that pitchers develop significantly less scapular upward rotation at 60 and 90* humeral elevation over the course of a season compared to position players. The repetitive arm elevation require to throw demonstrated that an increased scapular UR may be beneficial in reducing their risk of injury, however this Lack of an increase may make them more susceptible to injuries and explain their higher incidence of shoulder injury compared with position players13. 

Rhythmic stabilization applied to the proximal aspect of the UE, progressing to distal with the GH joint in 80-90* elevation in the scapular plane can be initiated to provide muscular co-contraction in a functional position. Additionly, a protracted scapular position can be used to enhance the activation of the serratus anterior because numerus studies have identified decreased muscular activation of this muscle in patients with impingement1.

Cite:
Ellenbecker TS, Manske RC, Kelley MJ. The Shoulder: Physical Therapy Patient Management Utilizing Current Evidence. In: Hughes C, ed. Current Concepts of Orthopaedic Physical Therapy. 3rd ed. 2011.
13. Laudner K, Lynall R, Meister K. Shoulder Adaptations Among Pitchers and Position Players Over the Course of a Competitive Baseball Season. Clin J Sport Med. 2013;23(3):184-189.





Mobilization and ROM 
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In addition to the early scapular stabilization and submaximal rotator cuff exercise, ROM and mobilization may be indicated for patients with impingement, specifically those with either primary or posterior impingement. During the examination, anterior and posterior humeral head translation should have been assessed as well as accessory mobility of the GH joint in order to guide this portion of the treatment. Pt’s who have secondary impingement due to underlying instability should not undergo accessory mobilization techniques as this would only compound their existing capsular laxity. However, patients with primary impingement or posterior impingement often present with underlying capsular hypomobility and will benefit. In the overhead athlete, IR ROM is limited. This may be due to injury of the posterior RC muscle tendon unit or posterior capsular restrictions1. To determine if the tightness is coming from the posterior GH joint capsule, the posterior load and shift technique can be used31. In this technique, the GH joint is abducted 90* in the scapular plane. The examiner uses a posterior-lateral directed force along the line of the GH joint and feels for translation of the hh along the glenoid face. If translation over the rim of the glenoid is felt, posterior glide techniques should not be performed because hypermobility of the posterior capsule is evident. In addition, incorrect use of this technique may lead to false identification of posterior capsular tightness. A common error is the use of the coronal plane for testing using a straight posterior to anterior force rather than the recommended posterior-lateral force. The straight force compresses the hh into the glenoid and would inaccurately lead to the assumption that limited posterior capsular mobility is present1.

In addition to mobilizations, acute static stretching after eccentric muscle activity has been shown to minimize loss of ROM12. Multiple stretches have been described, including the horizontal cross-arm stretch and variations on the sleeper stretch, that focus on increasing GH IR. Laudner32 described a passive stretch that was performed in side-lying position on the dominant arm with both shoulder and elbow positioned into 90* of flexion while the lateral border of the scapula positioned firmly against the tx table. The sleeper stretch is then performed by Internally rotating the shoulder by the distal FA and holding the pressure for 30s 3x with 30s rest between stretches when you feel a MILD stretch. It needs to be emphasized to the patient that ehy don’t want to feel anything in the front of their shoulder. In addition, Maenhout had a group of overhead athletes demonstrating GIRD > 15* perform the sleeper stretch over 6 weeks to the dominant arm only and found that both IR and HA were significantly increased15. Because OH athletes are predisposed to ROM adaptations and these have been linked with pathology, it is recommended that stretching be performed in an attempt to restore normal or baseline ROM, however, the literature has not clearly defined a routine including duration and frequency that is optimal for restoration of acquired ROM deficits. Additional muscles that should be examined for tightness and stretched if necessary include the pectoralis minor, levator scapulae, and rhomboids13.

With the sleeper stretch, it actually has been recommended to not be perfectly up and down, and to actually roll backwards slightly so your body is facing upward at almost a 45 degree angle. This gets your shoulder out of the sagittal plane, which places too much stress on the posterior capsule, and into the scapular plane that stretches more of the posterior musculature. But then again it is dependent on which structrues you found were tight, and which you are trying to isolate and stretch. 

Cite:
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32. Laudner KG, Sipes RC, Wilson JT. The acute effects of sleeper stretches on shoulder range of motion. J Athl Train. 2008;43(4):359-363.




Strengthening 
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During the second phase of therapy, interventions should be geared towards strength and local muscle endurance training of the RC and scapular stabilizers with a goal of eliciting high levels of RC and scapular m activation using movement patterns and positions that do not create subacromial contact or undue stress to the static stabilizers of the GH joint1 Ellenbecker et al has created a progression of exercises for RC strengthening that are based on EMG research showing high levels of posterior RC activation1. These exercises also place the shoulder in positions that are well tolerated by patients with RC and scapular dysfunction. Sidelying ER and prone extension with an ER position are used first, with progressions to prone horizontal abduction at 90* of abduction to minimize the effects resulting from subacromial contact, and prone ER with scapular retraction following a demonstrated tolerance to the initial two exercises. Research has shown that the Prone horizontal abduction position creates high levels of supraspinatus muscular activation, making it an alternative to the widely used empty can exercise which can often cause impingement through combined inherent movements of IR and elevation. The authors of these studies recommend 3 sets of 15-20 reps to create a fatigue response and improve local muscular endurance. In a 4 week training program, 8-10% increases have been noted in both IR and ER strength measured isokinetically in both tennis and overhead athletes.  Interestingly though, Laudner et al found that in 45 professional baseball players, both pitchers and field players, there was no relationship between ER strength and either HA or IR ROM limitations14. This was in a cross-sectional study, though, with no strengthening or stretching interventions, however it brings to question whether strengthening the shoulder ERs will be beneficial at limiting further decreases in ROM and potentially decrease their injury risk. Yet other studies have used exercise as an effective treatment for impingement syndrome12. This just reminds us that it is imperative that we examine each player individually to determine if there is a strength deficit that could be contributing to their symptoms and not simply recommend all athletes with shoulder pathology to strengthen their external rotators.

Cite:
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Strengthening Progressions 
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For those exercises we are integrating for ER strengthening that are performed in either standing or sidelying, a towel roll or bolster in the axilla has been shown to assist in not only isolation of the exercise and controlling unwanted movements, but it also elevates muscular activity by 10% in the infraspinatus compared to the identical exercise performed without towel placement33. It also prevents the “wringing out” of blood from the supraspinatus tendon when the arm is abducted ~20-30 degrees1. During research by Bitter et al34 EMG activity of the infraspinatus and middle and posterior deltoid during ER exercise in healthy subjects was measured. They found increased relative infraspinatus activity when the resistive exercise level was at 40% of maximal effort, indicating more focused activity from the infraspinatus and less compensatory activation of the deltoid. This study supports the use of lower-intensity strengthening exercise to optimize activation from the RC and to de emphasize input from the deltoid and other prime movers which often occurs with higher intensity resistive loading34.

Cite:
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Strengthening Progressions 
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Scapular stabilization exercises are progressed to include ER with retraction, which recruits the lower trapezius at a rate 3.3 times greater than the upper trapezius1. Closed-chain exercises, such as quadruped position rhythmic stabilizations and variations of the pointer or bird dog position, can be used in endurance-oriented formats such as timed sets of 30 or more seconds, to enhance scapular stabilization1. It is also necessary to progress to the functional position of 90* abduction in the scapular plane to simulate the throwing and OH patterning as this will change muscular lever arms and subsequent function. Rhythmic stabilization against a therapy ball is an example of an early abducted exercise. Endurance type exercises are critical as studies have shown the abnormal movement patterns and scapular compensations result from RC fatigue.

Cite:
Ellenbecker TS, Manske RC, Kelley MJ. The Shoulder: Physical Therapy Patient Management Utilizing Current Evidence. In: Hughes C, ed. Current Concepts of Orthopaedic Physical Therapy. 3rd ed. 2011.



Strengthening Progressions 

Presenter
Presentation Notes
There is a predominance of IR and ER patterning during isokinetic training. This focus is based on an isokinetic training study by Quincy et al, who showed that IR ER training for a period of 6 weeks not only can produce statistically significant gains in IR and ER strength, but can improve shoulder extension, flexion, and abduction adduction strength as well, whereas training in the patterns for flexion extension and abduction adduction over the same 6 weeks only produces strength gains specific to the direction of training1. An objective measure for proper strength would be the ER/IR ratio. In normal, healthy shoulders this should be 66%1.

Cite:
Ellenbecker TS, Manske RC, Kelley MJ. The Shoulder: Physical Therapy Patient Management Utilizing Current Evidence. In: Hughes C, ed. Current Concepts of Orthopaedic Physical Therapy. 3rd ed. 2011.





Return To Sport 
Plyometric Exercise Progression 

Presenter
Presentation Notes
Individuals returning to OH activities and sports are candidates for advanced isokinetic training using functionally specific rotational training at 90* abduction in the scapular plane. Additionally a plyometric exercise progression should be initiated, as several studies report increases in UE function with plyometric exercise variations1. The functional application of the eccentric pre-stretch followed by a powerful concentric muscular contraction closely parallels many UE sport activities and serves as an excellent exercise modality for transitioning the active patient to the interval sport return programs. In 8-weeks of plyometric UE exercise and ER strengthening with elastic resistance, Carter et al found increased eccentric ER strength, concentric IR strength, and improved throwing velocity in collegiate baseball players, showing the positive effects of plyometric and elastic resistance training in overhead athletes1. Ellenbecker suggests that your typical progression should start with manual contacts, then elastic resistance, medicine balls, and single patterns of movement progressing to more functional patterns

Cite:
Ellenbecker TS, Manske RC, Kelley MJ. The Shoulder: Physical Therapy Patient Management Utilizing Current Evidence. In: Hughes C, ed. Current Concepts of Orthopaedic Physical Therapy. 3rd ed. 2011.



Plyometric Intervention Study 
Carter et al. J Strength Conditioning 
Research 2007;21(1):208-215. 

A-B: Latex tubing ER 
C-D: Latex tubing 90-90 ER 
E-F: OH soccer throw with 6# 
med ball 
G-I: 90-90 ER side throw with 
2# med ball 
J-L: Deceleartion baseball 
throw with 2# med ball 
M-O: Baseball throw with 2# 
med ball 

Presenter
Presentation Notes
A study by Carter et al took a group of 24 NCAA Division I baseball players with no shoulder or elbow injury or surgery within the last year,  and examined the effects had on them by an 8-week course of high volume UE plyometric training on their function eccentric ER to concentric IR strength ratio and throwing velocity. They underwent isokinetic pretesting to assess concentric IR and eccentric ER movements at 180 and 300 degrees/second using the dominant throwing arm only, and throwing velocity using a radar gun 48 hours after isokinetic strength assessments.

They had two groups – one was the plyometric intervention group and one was a control group. The intervention group followed the Ballistic Six UE plyometric training protocol in addition to their offseason strength and conditioning activities. The control group only performed the offseason strength and conditioning activities 3x/week. The ballistic six protocol was completed 2x/week for 8 weeks, with 3 sets of 10-20 repetitions for each exercise and 30s rest between sets. After 8 weeks both groups completed the isokinetic testing and throwing velocity assessments again.

They found that the subjects in the plyometric group had a significant improvement in throwing velocity, eccentric ER strength at both speeds, and concentric IR strength at both speeds compared to the control group, although both groups did improve in strength.

Based on these results, it appears that high volume UE plyometric training can significantly increase both throwing velocity and isokinetic strength, and that because the exercises are performed in a ballistic fashion, the muscle contraction and joint velocities have greater functional applicability to the overhead throwing motion. 

Cite:
46. Carter AB, Kaminski TW, Douex AT, et al. Effects of high volume upper extremity plyometric training on thrwoing velocity and functional strength ratios of the shoulder rotators in collegiate baseball players. J Strength Cond Res. 2007;21(1):208-215.



Return to Sport 
Kinetic Chain Training 

Presenter
Presentation Notes
Along with training muscular endurance, proprioception and neuromuscular control, kinetic chain training should be advanced throughout the rehabilitation program12. Proximal muscle strength, including the core and hip musculature, are essential for both generation and absorption of forces during the throwing motion. Both can be trained with single leg exercises, including a single leg squat12. The throwing athlete also must have enough flexibility in the planting leg to allow for proper throwing biomechanics, as a restriction here must be compensated somewhere along the kinetic chain, including at the shoulder joint complex, potentially resulting in shoulder dysfunction, pain, and injury.

Cite:
12. Kennedy DJ, Visco CJ, Press J. Current concepts for shoulder training of the overhead athlete. Curr Sports Med Rep. 2009;8(3):154-160.




Return to Sport 

• Normalization of previously + special tests 
• Normalized ROM, strength along kinetic chain 
• ER/IR unilateral strength ratio = 66-75% 
• Pain-free shoulder function 

Presenter
Presentation Notes

A multifaceted approach is recommended for determining when the patient is ready to return to play and be discharged from formal physical therapy. Areas for consideration include normalization of previously positive manual special tests, such as the Neer, Hawkins-Kennedy and Yocum, ROM, strength, and functional status. Additionally provocation tests can be important to determin the patient’s competency and stability in the abducted, ER’d position before returning to OH throwing1. They should demonstrate pain free shoulder function and an ER/IR unilateral strength ratio of 66-75%1. 

Cite:
Ellenbecker TS, Manske RC, Kelley MJ. The Shoulder: Physical Therapy Patient Management Utilizing Current Evidence. In: Hughes C, ed. Current Concepts of Orthopaedic Physical Therapy. 3rd ed. 2011.




Review 

• Manage pain, rest, regain pain-free ROM 
– TRM within 5 degrees 

• Strengthen weak musculature 
– Start sub-maximal 

• Regain control 
 

Presenter
Presentation Notes
When we are strengthening, we want to start with sub maximal contractions to avoid acromial contact and compression of the tendons early on, and progress as they master techniques without pain to more functional positions. We then want to focus on regaining neuromuscular control and proprioception as well as scapular control trhough use of plyometrics.



I. Anatomy and Biomechanics 
II. Shoulder Impingement Classifications 
III. PT Examination 
IV. Special Tests 
V. Rehabilitation 
VI. Outcome Measures 



Outcome Measures 

• Disabilities of the Arm, Shoulder, and Hand 
(DASH) – MDC 10 points 

• Shoulder Pain and Disability Index (SPADI) – 
MDC 18 points 

• American Shoulder and Elbow Score (ASES) – 
MDC 9.7 points 

• UCLA Shoulder Scale 
• Simple Shoulder Test – MDC not established 

Presenter
Presentation Notes
Finally, functional indexes or rating scales are used to include the patient’s perception of shoulder function in the clinical decision-making process. Patient oriented outcome assessments should be used to guide treatment decisions, determine prognosis and aid in clinical judgments35. The use of patient-oriented outcomes facilitates a pateint-centered process not only focused on the patient’s diagnosis but on that person as a whole and the limitations their diagnosis puts on them.

There is a wide variety of patient-oriented outcomes and functional measures available to assess shoulder function and disability. The DASH is the only questionnaire that evaluates the entire upper extemity, however it is not specific to the shoulder, which limits its usefulness in the overhead population. The DASH does have a sports and performing arts module which asks questions specifically related to the patient’s sport participation, providing a separate measure of perceived sport function35. However it has been shown to suffer ceiling effects in college athletes, which may limit the insturment’s validity in high-demand athletic populations, so a sport-specific UE outcomes instrument should be included35. However it does have a determined MDC of 10 points in the intercollegiate athlete population, and an adequate test-retest reliability for overhead athletes.38. Previously the standard for evaluating the outcome of the overhead athlete has been the ability to return to the same level of competition for one season after rehabilitation or surgery, yet this doesn’t account for those players who change positions, pitching styles, intensity, or duration of competition36.

The Shoulder pain and disability index was developed to measure current shoulder pain and disability in the outpatient setting37. It has a high internal consistency, demonstrates good construct validity and correlates well with other region-specific shoulder questionnaires. When it is used more than once on the same subject, the minimal detectible change is 18 points37. Additionally this is a quick assessment measure that can be used more frequently39.

Angst et al found that if you are just a general outpatient clinician, the DASH is fine, it’s a comprehensive for the upper extremity, but it is less shoulder specific. If you are a shoulder specialist, or seeing the overhead athlete, you are going to need something more specific and responsive.  The ASES shows the most change as it is the most responsive, however it takes a longer time to complete39.



*MDCs for ASES, SST, SPADI, and DASH39

Cite:
35. Thigpen C, Shanley E. Clinical assessment of upper extremity injury outcomes. J Sport Rehabil. 2011;20:61-73.
36. Alberta, FG; ElAttrache, NS; Bissell, S; Mohr, K; Browdy, J; Yocum, L; Jobe, F. The Development and Validation of a Functional Assessment Tool for the Upper Extremity in the Overhead Athlete. Am J Sports Med. 2010 Mar; 38(5): 903-911.
37. Breckenridge JD, McAuley JH. Shoulder pain and disability index (SPADI). J Physiother. 2011;57(3):197.
38. Raad J. Rehab Measures Website. Rehabilitation Measures Database. Updated December 4 2013.  Available at http://www.rehabmeasures.org/Lists/RehabMeasures/DispForm.aspx?ID=1008&Source=http%3A%2F%2Fwww%2Erehabmeasures%2Eorg%2Frehabweb%2Fallmeasures%2Easpx%3FPageView%3DShared. Accessed March 14 2014.
39. Sheets C. Outcome Measures of the Knee Foot and Shoulder. [PowerPoint]. Chapel Hill, NC: UNC-CH Doctorate of Physical Therapy Program; 2012. 



One Arm Hop Test 
• Procedure: 

– Start Position: one arm 
push-up position, feet 
shoulder width apart, 
back flat 

– 5 reps 
– Hop onto then off 10.2 

cm (4”) step 
– Record time 

Presenter
Presentation Notes
Sue Falsone is a physical therapist with the Dodgers and Athletes’ Performance in Tempe, AZ who does research on noninjured vs injured athletes. She wanted to design a functional performance test that was both reliable and could be used for a return to sport assessment for athletes who require axial loading. 

For this test, the athlete would start in a one arm push up position and they would complete 5 repetitions of hoping up onto and off of a 4” step for time. You’ll want to have them complete the test on both their injured and noninjured arm, as the uninjured extremity can be useful as a basis for comparing performance. 

The researchers do recommend allowing the patients to practice the task before hand to establish a level of consistency between successive attempts. They did find that there was a difference between the dominant and nondominant healthy upper extremities, however the the nondominant UE was on average only 4.4% slower than domiannt UE performance times. This test could be used preinjury as a test performance measure during preseason screening and also throughout the season to give the clinican a target goal when rehabing the shoulder, or if preinjury data doesn’t exist, you can use the uninjured UE as a baseline for performance40.

As this was a preliminary study, no MDC exists.

Cite:
40. Falsone SA, Gross MT, Guskiewicz KM, Schneider RA. One arm hop test: reliability and effects of arm dominance. J Orthop Sports Phys Ther. 2002;32:98-103.



Kerlan-Jobe Orthopaedic Clinic (KJOC) 
Score 

• How Difficult is it for you to warm up prior to competition? 
• How much pain do you experience? 
• How much weakness and/or fatigue do you experience? 
• How unstable do you feel during competition? 
• How much have your UE problems affected your 

relationship with your coaches, teammates? 
• How much have you had to change your motion? 
• How much has your velocity/power suffered? 
• What limitation do you have in endurance in competition? 
• How much has your control suffered? 
• How much do you feel your UE affects your current level of 

competition? 
 
 

Presenter
Presentation Notes
In addition to functional outcome measures, a patient-oriented quality of life measure should be included, as the elite athletic population’s level of functioning is the outcome that is most important to them.

The Kerlan-Jobe Orthopaedic Clinic shoulder and elbow score was developed and validated for overhead athletes and provides a performance-based measure of outcome in this high-demand patient population36. It has been shown to be more specific to this population then the ASES41. It is a 10-item questionnaire on a visual analog scale that has a Pearson correlation of .84 with the DASH and .86 with the DASH sports/performing arts module.  Additionally test-retest intraclass correlation coeeficients are higher than the DASH36. It is scored on a scale from 0-100 with 100 representing no performance limitations. A study on healthy professional baseball pitchers found that had a mean score of 94.8, and that an appropriate baseline score for a healthy professional baseball pitcher should be in the 90s. A score below 90 should alert team physicians, trainers, and therapists that a pitcher may be playing with an injury or pain, or at least sense that he is not functioning at full capacity41. Measures such as this with more of a patient focus provides insight on the impact of the patient’s physical impairment on their general health status and emotional well-being.

Cite:
36. Alberta, FG; ElAttrache, NS; Bissell, S; Mohr, K; Browdy, J; Yocum, L; Jobe, F. The Development and Validation of a Functional Assessment Tool for the Upper Extremity in the Overhead Athlete. Am J Sports Med. 2010 Mar; 38(5): 903-911.
41. Kraeutler MJ, Ciccotti MG, Dodson CC, et al. Kerlan-jobe orthopaedic clinic overhead athlete scores in asymptomatic professional baseball pitchers. Journal of Shoulder and Elbow Surgery. 2013;22(3):329-332.




Review 

• Patient-oriented outcome assessment 
• Quality of life measure 
• Pre- and post-injury measures 

Presenter
Presentation Notes
So in review, when selecting an outcome measure, you want one that is patient-oriented in order to guide treatment decisions but also focus on the person as a whole and the limitations put on them, and not simply their diagnosis. The shoudler pain and disability index is a quick and has high construct validity, the ASES is the most responsive to change, however takes a little longer to complete.

You should also include a quality of life measure, as the elite athletic population’s level of functioning is the outcome that is most important to them. For this you could use the Kerlan-Jobe orthopedic clinic score.

In addition if you have the ability, doing a pre and post fucntional assessment will be beneficial to determine any scores that may indicate an increased risk of injury or to give you a goal for rehab following injury. The one-arm hop test, and again the kerlan-jobe, can be used for this.







Conclusions 

• Frequent injuries to shoulder joint complex 
• Address biomechanical adaptations 
• Careful examination of flexibility and strength 

Presenter
Presentation Notes
Overhead athletes frequently suffer injuries to the shoulder joint complex including impingement. There are many biomechanical adaptations that can occur due to the repetitive motions of the sport. These include ROM and strength deficits that can lead to scapular dyskinesis, glenohumeral instability, and deficits in proprioception and neuromuscular control. These adaptations predispose the athlete to complex injury and it is imperative that the rehabilitation professional address these biomechanical changes. Therefore, careful examination of the flexibility and strength of the important muscles about the shoulder complex is vital to understanding the root cause of impingement and prescribing effective treatment and prevention exercises to the overhead athlete. 
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