
1

BEGINNER EXERCISES FOR THE SCAPULA
PRACTITIONER NOTES

evidenceforexercise.org

REFERENCES
1. Worsley P, Warner M, Mottram S, et al. Motor control 
retraining exercises for shoulder impingement: Effects on 
function, muscle activation, and biomechanics in young 
adults. J Shoulder Elb Surg. 2013;22. 

2. Tate AR, McClure PW, Kareha S, Irwin D. Effect of 
the Scapula Reposition Test on shoulder impingement 
symptoms and elevation strength in overhead athletes. J 
Orthop Sports Phys Ther. 2008;38(1):4-11.

3. Day JM, Bush H, Nitz AJ, Uhl TL. Scapular Muscle 
Performance in Individuals With Lateral Epicondylalgia. J 
Orthop Sports Phys Ther. 2015:1-35. 

4. Wegner S, Jull G, O’Leary S, Johnston V. The effect of a 
scapular postural correction strategy on trapezius activity in 
patients with neck pain. Man Ther. 2010;15:562-566. 

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

6. Kibler WB. The role of the scapula in athletic shoulder 
function. Am J Sports Med. 1998;26(2):325-337. 

7. J. B. Scapular-stabilization exercises: Early-intervention 
prescription. Athl Ther Today. 2006;11(5):15-18. 

8. Holmgren T, Bjornsson Hallgren H, Oberg B, Adolfsson L, 
Johansson K. Effect of specific exercise strategy on need for 
surgery in patients with subacromial impingement syndrome: 
randomised controlled study. BMJ. 2012;344:e787-e787. 

9. Ballantyne BT, O’Hare SJ, Paschall JL, et al. 
Electromyographic activity of selected shoulder muscles 
in commonly used therapeutic exercises. Phys Ther. 
1993;73(10):668-677; 

10. Hintermeister RA, Lange GW, Schultheis JM, Bey 
MJ, Hawkins RJ. Electromyographic activity and applied 
load during shoulder rehabilitation exercises using elastic 
resistance. Am J Sports Med. 1998;26(2):210-220. 

11. Kibler W Ben, Sciascia AD, Uhl TL, Tambay N, 
Cunningham T. Electromyographic Analysis of Specific 
Exercises for Scapular Control in Early Phases of Shoulder 
Rehabilitation. Am J Sports Med. 2008.36(9):1789-1798 

12. McCann PD, Wootten ME, Kadaba MP, Bigliani 
LU. A kinematic and electromyographic study of 
shoulder rehabilitation exercises. Clin Orthop Relat Res. 
1993;(288):179-188.

13. Kibler W Ben, McMullen J, Uhl T. Shoulder Rehabilitation 
Strategies, Guidelines, and Practice. Oper Tech Sports Med. 
2012;20(1):103-112. 

14. McMullen J, Uhl TL. A Kinetic Chain Approach for 
Shoulder Rehabilitation. J Athl Train. 2000;35(3):329-337.

15. Kuhn JE. Exercise in the treatment of rotator cuff 
impingement: A systematic review and a synthesized 
evidence-based rehabilitation protocol. J Shoulder Elb Surg. 
2009;18:138-160. 

16. Graichen H, Hinterwimmer S, Von Eisenhart-Rothe R, 
Vogl T, Englmeier KH, Eckstein F. Effect of abducting and 
adducting muscle acitivity on glenohumeral translation, 
scapular kinematics and subacromial space width in vivo. J 
Biomech. 2005;38(4):755-760. 

17. Hinterwimmer S, Von Eisenhart-Rothe R, Siebert M, 
et al. Influence of adducting and abducting muscle forces 
on the subacromial space width. Med Sci Sports Exerc. 
2003;35(12):2055-2059. 

18. Smith J, Kotajarvi BR, Padgett DJ, Eischen JJ. Effect 
of scapular protraction and retraction on isometric shoulder 
elevation strength. Arch Phys Med Rehabil. 2002;83(3):367-
370. 

19. Smith J, Dietrich CT, Kotajarvi BR, Kaufman KR. 
The effect of scapular protraction on isometric shoulder 
rotation strength in normal subjects. J Shoulder Elb Surg. 
2006;15(3):339-343. 

20. Sciascia A, Cromwell R. Kinetic Chain Rehabilitation: A 
Theoretical Framework. Rehabil Res Pract. 2012;2012:1-9. 

21. Ludewig PM, Cook TM. Alterations in shoulder 
kinematics and associated muscle activity in people 
with symptoms of shoulder impingement. Phys Ther. 
2000;80:276-291.

22. Cools AM, Witvrouw EE, Declercq GA, Vanderstraeten 
GG, Cambier DC. Evaluation of isokinetic force production 
and associated muscle activity in the scapular rotators 
during a protraction-retraction movement in overhead 
athletes with impingement symptoms. Br J Sports Med. 
2004;38:64-68. 

23. Cools AM, Declercq GA, Cambier DC, Mahieu 
NN, Witvrouw EE. Trapezius activity and intramuscular 
balance during isokinetic exercise in overhead athletes 
with impingement symptoms. Scand J Med Sci Sport. 
2007;17:25-33. 

24. McClure PW, Michener LA, Karduna AR. Shoulder 
function and 3-dimensional scapular kinematics in people 
with and without shoulder impingement syndrome. Phys 
Ther. 2006;86:1075-1090.

25. Cools AM, Witvrouw EE, De Clercq GA, et al. Scapular 
muscle recruitment pattern: electromyographic response of 
the trapezius muscle to sudden shoulder movement before 
and after a fatiguing exercise. J Orthop Sports Phys Ther. 
2002;32:221-229.

26. Bagg SD, Forrest WJ. Electromyographic study of the 
scapular rotators during arm abduction in the scapular 
plane. Am J Phys Med. 1986;65(3):111-124.

27. Falla D, Jull G, Hodges PW. Feedforward activity of the 
cervical flexor muscles during voluntary arm movements is 
delayed in chronic neck pain. Exp Brain Res. 2004;157:43-
48. 

28. Wegner S, Jull G, O’Leary S, Johnston V. The effect of a 
scapular postural correction strategy on trapezius activity in 
patients with neck pain. Man Ther. 2010;15(6):562-566. 



2

BEGINNER EXERCISES FOR THE SCAPULA
PRACTITIONER NOTES

evidenceforexercise.org

29. Ludewig PM, Hoff MS, Osowski EE, Meschke S a, 
Rundquist PJ. Relative balance of serratus anterior and 
upper trapezius muscle activity during push-up exercises. 
Am J Sports Med. 2004;32(2):484-493. 

30. Decker MJ, Hintermeister R a, Faber KJ, Hawkins 
RJ. Serratus anterior muscle activity during selected 
rehabilitation exercises. Am J Sports Med. 1999;27(6):784-
791. 

31. Moseley JB, Jobe FW, Pink M, Perry J, Tibone J. 
EMG analysis of the scapular muscles during a shoulder 
rehabilitation program. Am J Sports Med. 20(2):128-134. 

32. Bhatia DN, de Beer JF, van Rooyen KS, Lam F, du Toit 
DF. The “bench-presser’s shoulder”: an overuse insertional 
tendinopathy of the pectoralis minor muscle. Br J Sports 
Med. 2007;41:e11. 

33. Moraes GFS, Faria CDCM, Teixeira-Salmela LF. Scapular 
muscle recruitment patterns and isokinetic strength ratios of 
the shoulder rotator muscles in individuals with and without 
impingement syndrome. J Shoulder Elb Surg. 2008;17(1 
SUPPL.):48-53. 

34. Wadsworth DJ, Bullock-Saxton JE. Recruitment 
patterns of the scapular rotator muscles in freestyle 
swimmers with subacromial impingement. Int J Sports Med. 
1997;18(8):618-624. 

35. De Morais Faria CDC, Teixeira-Salmela LF, de Paula 
Goulart FR, de Souza Moraes GF. Scapular muscular activity 
with shoulder impingement syndrome during lowering of the 
arms. Clin J Sport Med. 2008;18(2):130-136. 

36. On AY, Uluda B, Takiran E, Ertekin C. Differential 
corticomotor control of a muscle adjacent to a painful joint. 
Neurorehabil Neural Repair. 2004;18(3):127-133. 

37. Flor H. Cortical reorganisation and chronic pain: 
Implications for rehabilitation. J Rehabil Med. 2003;35(4):66-
72.

38. Van Vliet PM, Heneghan NR. Motor control and the 
management of musculoskeletal dysfunction. Man Ther. 
2006;11(3):208-213.

39. Tsuruike M, Ellenbecker TS. Serratus Anterior and 
Lower Trapezius Muscle Activities During Multi-Joint Isotonic 
Scapular Exercises and Isometric Contractions. J Athl Train. 
2015;50(2):199-210. 

40. Roy JS, Moffet H, Hébert LJ, Lirette R. Effect of motor 
control and strengthening exercises on shoulder function in 
persons with impingement syndrome: A single-subject study 
design. Man Ther. 2009;14:180-188.

41. Roy J-S, Moffet H, McFadyen BJ, Lirette R. Impact 
of movement training on upper limb motor strategies in 
persons with shoulder impingement syndrome. Sport Med 
Arthrosc Rehabil Ther Technol. 2009;1(1):8. 

42. Hibberd EE, Oyama S, Spang JT, Prentice W, Myers 
JB. Effect of a 6-week strengthening program on shoulder 
and scapular-stabilizer strength and scapular kinematics 
in division I collegiate swimmers. J Sport Rehabil. 
2012;21(3):253-265. 

43. Jeannerod M. The Neural and Behavioural Organization 
of Goal-Directed Movements. Oxford psychology series, No. 
15.1988. xii, 283

44. Buneo C a., Andersen R a. The posterior parietal 
cortex: Sensorimotor interface for the planning and online 
control of visually guided movements. Neuropsychologia. 
2006;44:2594-2606.

45. Escamilla RF, Yamashiro K, Paulos L, Andrews JR. 
Shoulder muscle activity and function in common shoulder 
rehabilitation exercises. Sport Med. 2009;39:663-685. 

46. Lippitt SB, Vanderhooft JE, Harris SL, Sidles JA, 
Harryman DT, Matsen FA. Glenohumeral stability from 
concavity-compression: A quantitative analysis. J Shoulder 
Elb Surg. 1993;2(1):27-35. 

47. Hirashima M, Kadota H, Sakurai S, Kudo K, Ohtsuki T. 
Sequential muscle activity and its functional role in the upper 
extremity and trunk during overarm throwing. J Sports Sci. 
2002;20(4):301-310. 

48. Kibler WB, Chandler TJ, Shapiro R, Conuel M. 
Muscle activation in coupled scapulohumeral motions 
in the high performance tennis serve. Br J Sports Med. 
2007;41(11):745-749. 

49. McQuade KJ, Dawson J, Smidt GL. Scapulothoracic 
Muscle Fatigue Associated with Alterations in 
Scapulohumeral Rhythm Kinematics during Maximum 
Resistive Shoulder Elevation. J Orthop Sports Phys Ther. 
1998;28(2)74-80.

50. Cools AM, Witvrouw EE, Declercq GA, Danneels 
LA, Cambier DC. Scapular muscle recruitment patterns: 
trapezius muscle latency with and without impingement 
symptoms. Am J Sports Med. 2003;31(4):542-549.

51. Moseley  Jr. JB, Jobe FW, Pink M, Perry J, Tibone J. 
EMG analysis of the scapular muscles during a shoulder 
rehabilitation program. Am J Sport Med. 1992;20(2):128-
134.

52. Townsend H, Jobe FW, Pink M, Perry J. 
Electromyographic analysis of the glenohumeral muscles 
during a baseball rehabilitation program. Am J Sports Med. 
1991;19(3):264-272. 

53. Stone MH, Plisk SS, Stone ME, Schilling BK, O’Bryant 
HS, Pierce KC. Athletic Performance Development: Volume 
Load—1 Set vs. Multiple Sets, Training Velocity and Training 
Variation. Strength Cond J. 1998;20(6):22. 

54. Kraemer WJ, Adams K, Cafarelli E, et al. Progression 
models in resistance training for healthy adults. Med Sci 
Sport Exerc. 2002;34(2):364-380. 



3

BEGINNER EXERCISES FOR THE SHOULDER (ELASTIC BAND)
PRACTITIONER NOTES

evidenceforexercise.org

1. Roy JS, Moffet H, Hébert LJ, Lirette R. Effect of motor 
control and strengthening exercises on shoulder function in 
persons with impingement syndrome: A single-subject study 
design. Man Ther. 2009;14:180-188. 

2. Bae YH, Lee GC, Shin WS, Kim TH, Lee SM. Effect 
of Motor Control and Strengthening Exercises on Pain, 
Function, Strength and the Range of Motion of Patients 
with Shoulder Impingement Syndrome. J Phys Ther Sci. 
2011;23:687-692. 

3. Worsley P, Warner M, Mottram S, et al. Motor control 
retraining exercises for shoulder impingement: Effects on 
function, muscle activation, and biomechanics in young 
adults. J Shoulder Elb Surg. 2013;22. 

4. Holmgren T, Bjornsson Hallgren H, Oberg B, Adolfsson L, 
Johansson K. Effect of specific exercise strategy on need for 
surgery in patients with subacromial impingement syndrome: 
randomised controlled study. BMJ. 2012;344:e787-e787. 

5. Haahr JP, Østergaard S, Dalsgaard J, et al. Exercises 
versus Arthroscopic Decompression in Patients with 
Subacromial Impingement: A Randomised, Controlled 
Study in 90 Cases with a One Year Follow Up. Annals of the 
Rheumatic Diseases. 2005;64(5):760-764.

6. De Mey K, Danneels L, Cagnie B, Cools AM. Scapular 
Muscle Rehabilitation Exercises in Overhead Athletes 
With Impingement Symptoms: Effect of a 6-Week Training 
Program on Muscle Recruitment and Functional Outcome. 
Am J Sports Med. 2012;40:1906-1915. 

7. Roy JS, Moffet H, McFadyen BJ. Upper limb motor 
strategies in persons with and without shoulder impingement 
syndrome across different speeds of movement. Clin 
Biomech. 2008;23:1227-1236. 

8. Swanik KA, Huxel Bliven K, Swanik CB. Rotator-cuff 
muscle-recruitment strategies during shoulder rehabilitation 
exercises. J Sport Rehabil. 2011;20(4):471-486. 

9. Cain PR, Mutschler TA, Fu FH, Lee SK. Anterior stability of 
the glenohumeral joint. A dynamic model. Am J Sports Med. 
15(2):144-148. 

10. Jobe FW, Tibone JE, Perry J, Moynes D. An EMG 
analysis of the shoulder in throwing and pitching. A 
preliminary report. Am J Sports Med. 11(1):3-5. 

11. Lee S-B, An K-N. Dynamic glenohumeral stability 
provided by three heads of the deltoid muscle. Clin Orthop 
Relat Res. 2002;(400):40-47.

12. Poppen NK, Walker PS. Forces at the glenohumeral joint 
in abduction. Clin Orthop Relat Res.1978;(135):165-170. 

13. Muething A, Acocello S, Rupp K, Brockmeier S, Saliba 
S, Hart J. Shoulder Muscle Activation in Individuals With 
Previous Shoulder Injuries. J Sport Rehabil. 2015

14. Hughes RE, An KN. Force analysis of rotator cuff 
muscles. Clin Orthop Relat Res. 1996:75-83.

15. Liu J, Hughes RE, Smutz WP, Niebur G, Nan-An 
K. Roles of deltoid and rotator cuff muscles in shoulder 
elevation. Clin Biomech. 1997;12:32-38. 

16. Solem-Bertoft E, Thuomas KA, Westerberg CE. The 
influence of scapular retraction and protraction on the width 
of the subacromial space. An MRI study. Clin Orthop Relat 
Res. 1993:99-103. 

17. Kibler W Ben, Sciascia A, Dome D. Evaluation of 
apparent and absolute supraspinatus strength in patients 
with shoulder injury using the scapular retraction test. Am J 
Sports Med. 2006;34:1643-1647. 

18. Cools AM, Dewitte V, Lanszweert F, et al. Rehabilitation 
of scapular muscle balance: which exercises to prescribe? 
Am J Sports Med. 2007;35:1744-1751. 

19. Escamilla RF, Yamashiro K, Paulos L, Andrews JR. 
Shoulder muscle activity and function in common shoulder 
rehabilitation exercises. Sport Med. 2009;39:663-685. 

20. Wuelker N, Wirth CJ, Plitz W, Roetman B. A dynamic 
shoulder model: Reliability testing and muscle force study. J 
Biomech.1995;28(5):489-499. 

21. Blasier RB, Guldberg RE, Rothman ED. Anterior 
shoulder stability: Contributions of rotator cuff forces and the 
capsular ligaments in a cadaver model. J Shoulder Elb Surg. 
1992;1(3):140-150.

22. Reed D, Cathers I, Halaki M, Ginn K. Does 
supraspinatus initiate shoulder abduction? J Electromyogr 
Kinesiol. 2013;23(2):425-429. 

23. Melchiorri G, Rainoldi A. Muscle fatigue induced by two 
different resistances: Elastic tubing versus weight machines. 
J Electromyogr Kinesiol. 2011;21(6):954-959. 

24. Coury HJCG, Brasileiro JS, Salvini TF, Poletto PR, 
Carnaz L, Hansson GA. Change in knee kinematics during 
gait after eccentric isokinetic training for quadriceps 
in subjects submitted to anterior cruciate ligament 
reconstruction. Gait Posture. 2006;24:370-374. 

25. LaStayo PC, Woolf JM, Lewek MD, Snyder-Mackler L, 
Reich T, Lindstedt SL. Eccentric muscle contractions: their 
contribution to injury, prevention, rehabilitation, and sport. J 
Orthop Sports Phys Ther. 2003;33:557-571. 

26. Remaud A, Cornu C, Guével A. A methodologic 
approach for the comparison between dynamic 
contractions: Influences on the neuromuscular system. J 
Athl Train. 2005;40:281-287.

27. Kaminski TW, Wabbersen C V., Murphy RM. Concentric 
versus enhanced eccentric hamstring strength training: 
Clinical implications. J Athl Train. 1998;33:216-221.

28. Lubiatowski P, Ogrodowicz P, Wojtaszek M, et al. 
Measurement of active shoulder proprioception: Dedicated 
system and device. Eur J Orthop Surg Traumatol. 
2013;23(2):177-183. 

REFERENCES



4

BEGINNER EXERCISES FOR THE SHOULDER (ELASTIC BAND)
PRACTITIONER NOTES

evidenceforexercise.org

29. Warner JJ, Deng XH, Warren RF, Torzilli PA. Static 
capsuloligamentous restraints to superior-inferior translation 
of the glenohumeral joint. Am J Sports Med. 20(6):675-685. 

30. Levine WN, Flatow EL. The Pathophysiology of Shoulder 
Instability. Am J Sport Med. 2000;28(6):910-917. 

31. Warner JJ, Lephart S, Fu FH. Role of proprioception in 
pathoetiology of shoulder instability. Clin Orthop Relat Res. 
1996;(330):35-39.

32. Warner JJP, Caborn DNM, Berger R, Fu FH, Seel M. 
Dynamic capsuloligamentous anatomy of the glenohumeral 
joint. J Shoulder Elb Surg. 1993;2(3):115-133. 

33. Lephart SM, Warner JJP, Borsa PA, Fu FH. 
Proprioception of the shoulder joint in healthy, unstable, 
and surgically repaired shoulders. J Shoulder Elb Surg. 
1994;3(6):371-380. 

34. Aydin T, Yildiz Y, Yanmis I, Yildiz C, Kalyon TA. Shoulder 
proprioception: A comparison between the shoulder joint 
in healthy and surgically repaired shoulders. Arch Orthop 
Trauma Surg. 2001;121(7):422-425. 

35. Myers JB, Lephart SM. Sensorimotor deficits 
contributing to glenohumeral instability. Clin Orthop Relat 
Res. 2002;(400):98-104.

36. Reinold MM, Wilk KE, Macrina LC, Dugas JR, Andrews 
JR. Rehabilitation after Thermal-Assisted Capsular Shrinkage 
of the Glenohumeral Joint. In: Postsurgical Orthopedic 
Sports Rehabilitation. 2006:583-606. 

37. Kronberg M, Németh G, Broström LA. Muscle 
activity and coordination in the normal shoulder. An 
electromyographic study. Clin Orthop Relat Res. 
1990;(257):76-85. 

38. McCann PD, Wootten ME, Kadaba MP, Bigliani 
LU. A kinematic and electromyographic study of 
shoulder rehabilitation exercises. Clin Orthop Relat Res. 
1993;(288):179-188. 

39. Reinold MM, Wilk KE, Fleisig GS, et al. 
Electromyographic analysis of the rotator cuff and deltoid 
musculature during common shoulder external rotation 
exercises. J Orthop Sports Phys Ther. 2004;34:385-394. 

40. Kronberg M, Broström LA. Electromyographic recordings 
in shoulder muscles during eccentric movements. Clin 
Orthop Relat Res. 1995;(314):143-151.

41. Reinold MM, Macrina LC, Wilk KE, et al. 
Electromyographic analysis of the supraspinatus and deltoid 
muscles during 3 common rehabilitation exercises. J Athl 
Train. 2007;42:464-469. 

42. Murrell GA, Walton JR. Diagnosis of rotator cuff tears. 
Lancet. 2001;357(9258):769-770. 

43. Dark A, Ginn KA, Halaki M. Shoulder muscle recruitment 
patterns during commonly used rotator cuff exercises: an 
electromyographic study. Phys Ther. 2007;87(8):1039-1046. 

44. Clark J, Sidles JA, Matsen FA. The relationship of the 
glenohumeral joint capsule to the rotator cuff. Clin Orthop 
Relat Res. 1990;(254):29-34.

45. Treiber FA, Lott J, Duncan J, Slavens G, Davis H. Effects 
of Theraband and lightweight dumbbell training on shoulder 
rotation torque and serve performance in college tennis 
players. Am J Sports Med. 26(4):510-515. 

46. Myers JB, Guskiewicz KM, Schneider RA, Prentice WE. 
Proprioception and Neuromuscular Control of the Shoulder 
after Muscle Fatigue. J Athl Train. 1999;34(4):362-367.

47. Grigg P. Peripheral neural mechanisms in proprioception. 
J Sport Rehabil. 1994;3(1):2.

48. Carpenter JE, Blasier RB, Pellizzon GG. The effects of 
muscle fatigue on shoulder joint position sense. Am J Sports 
Med.1998;26:262-265. 

49. Voight ML, Hardin JA, Blackburn TA, Tippett S, Canner 
GC. The Effects of Muscle Fatigue on and the Relationship 
of Arm Dominance to Shoulder Proprioception. J Orthop 
Sports Phys Ther. 1996;23(6):348-52.  

50. Pedersen J, Lönn J, Hellström F, Djupsjöbacka M, 
Johansson H. Localized muscle fatigue decreases the acuity 
of the movement sense in the human shoulder. Med Sci 
Sports Exerc. 1999;31(7):1047-1052. 

51. Chang H, Chen C, Wei S, Huang C. Recovery of joint 
position sense in the shoulder after muscle fatigue. J Sport 
Rehabil. 2006;15(4):312-325. 

52. Van der Wall H, McLaughlin A, Bruce W, Frater CJ, 
Kannangara S, Murray IP. Scintigraphic patterns of injury in 
amateur weight lifters. Clin Nucl Med. 1999;24:915-920. 

53. Decker MJ, Tokish JM, Ellis HB, Torry MR, Hawkins RJ. 
Subscapularis muscle activity during selected rehabilitation 
exercises. Am J Sports Med. 31(1):126-134. 

54. Jenp YN, Malanga GA, Growney ES, An KN. Activation 
of the rotator cuff in generating isometric shoulder rotation 
torque. Am J Sports Med. 24(4):477-485. 

55. Greis PE, Kuhn JE, Schultheis J, Hintermeister R, 
Hawkins R. Validation of the lift-off test and analysis of 
subscapularis activity during maximal internal rotation. Am J 
Sports Med. 24(5):589-593. 

56. Suenaga N, Minami A, Fujisawa H. Electromyographic 
analysis of internal rotational motion of the shoulder in 
various arm positions. J Shoulder Elbow Surg. 12(5):501-
505. 

57. Sharma KN. The Sustained Effect of Short Durations 
of Warm Up and Stretching Exercises on Shoulder Joint 
Proprioception. Sci Res J India. 2013;2(2).

58. Padua DA, Guskiewicz KM, Prentice WE, Schneider 
RE, Shields EW. The Effect of Select Shoulder Exercises 
on Strength, Active Angle Reproduction, Single-Arm 
Balance, and Functional Performance. J Sport Rehabil. 
2004;13(1):75-95. 

59. Rajaratnam BS, Goh JC, Kumar P V. Control strategies 
to re-establish glenohumeral stability after shoulder injury. 
BMC Sports Sci Med Rehabil. 2013;5:26. 



5

BEGINNER EXERCISES FOR THE SHOULDER (ELASTIC BAND)
PRACTITIONER NOTES

evidenceforexercise.org

60. David G, Magarey ME, Jones MA, Dvir Z, Türker KS, 
Sharpe M. EMG and strength correlates of selected shoulder 
muscles during rotations of the glenohumeral joint. Clin 
Biomech. 2000;15:95-102. 

61. Krishnamoorthy V, Goodman S, Zatsiorsky V, Latash 
ML. Muscle synergies during shifts of the center of pressure 
by standing persons: Identification of muscle modes. Biol 
Cybern. 2003;89:152-161.

62. Carlsen AN, Chua R, Inglis JT, Sanderson DJ, Franks IM. 
Can prepared responses be stored subcortically? Exp Brain 
Res. 2004;159:301-309. 

63. Rafii M, Minkoff J, Bonamo J, et al. Computed 
tomography (CT) arthrography of shoulder instabilities in 
athletes. Am J Sports Med. 16(4):352-361. 

64. Baeyens JP, Van Roy P, De Schepper A, Declercq G, 
Clarijs JP. Glenohumeral joint kinematics related to minor 
anterior instability of the shoulder at the end of the late 
preparatory phase of throwing. Clin Biomech. 2001;16:752-
757. 

65. Latash ML, Anson JG. What are “normal movements” in 
atypical populations? Behav Brain Sci. 1996;19:55. 

66. Neilson PD, Neilson MD. Motor maps and synergies. 
Hum Mov Sci. 2005;24:774-797. 

67. Peat M. Functional anatomy of the shoulder complex. 
Phys Ther. 1986;66(12):1855-1865. 

68. Jobe FW, Pink M. Classification and treatment of 
shoulder dysfunction in the overhead athlete. J Orthop 
Sports Phys Ther. 1993;18(2):427-432. 

69. Ludewig PM, Cook TM, Nawoczenski DA. Three-
dimensional scapular orientation and muscle activity at 
selected positions of humeral elevation. J Orthop Sports 
Phys Ther. 1996;24(2):57-65. 

70. Peat M, Culham E, Wilk KE. Functional Anatomy of the 
Shoulder Complex. In: The Athlete’s Shoulder. 2009:3-16. 

71. Kibler WB. The role of the scapula in athletic shoulder 
function. Am J Sports Med. 26(2):325-337. 

72. Voight ML, Thomson BC. The Role of the Scapula in the 
Rehabilitation of Shoulder Injuries. J Athl Train. 2000;35:364-
372. 

73. Decker MJ, Hintermeister R a, Faber KJ, Hawkins 
RJ. Serratus anterior muscle activity during selected 
rehabilitation exercises. Am J Sports Med. 1999;27:784-
791. 

74. Saha AK. Dynamic stability of the glenohumeral joint. 
Acta Orthop Scand. 1971;42(6):491-505. 

75. Alexander C, Miley R, Stynes S, Harrison PJ. Differential 
control of the scapulothoracic muscles in humans. J Physiol. 
2007;580(Pt.3):777-786. 



6

BEGINNER EXERCISES FOR THE SHOULDER (WEIGHTS)
PRACTITIONER NOTES

evidenceforexercise.org

REFERENCES
1. Roy JS, Moffet H, Hébert LJ, Lirette R. Effect of motor 
control and strengthening exercises on shoulder function in 
persons with impingement syndrome: A single-subject study 
design. Man Ther. 2009;14:180-188. 

2. Bae YH, Lee GC, Shin WS, Kim TH, Lee SM. Effect 
of Motor Control and Strengthening Exercises on Pain, 
Function, Strength and the Range of Motion of Patients 
with Shoulder Impingement Syndrome. J Phys Ther Sci. 
2011;23:687-692.

3. Worsley P, Warner M, Mottram S, et al. Motor control 
retraining exercises for shoulder impingement: Effects on 
function, muscle activation, and biomechanics in young 
adults. J Shoulder Elb Surg. 2013;22. 

4. Holmgren T, Bjornsson Hallgren H, Oberg B, Adolfsson L, 
Johansson K. Effect of specific exercise strategy on need for 
surgery in patients with subacromial impingement syndrome: 
randomised controlled study. BMJ. 2012;344:e787-e787. 

5. Haahr JP, Østergaard S, Dalsgaard J, et al. Exercises 
versus Arthroscopic Decompression in Patients with 
Subacromial Impingement: A Randomised, Controlled Study 
in 90 Cases with a One Year Follow Up.; Annals of the 
rheumatic diseases 2005: 64,760-764.  

6. De Mey K, Danneels L, Cagnie B, Cools AM. Scapular 
Muscle Rehabilitation Exercises in Overhead Athletes 
With Impingement Symptoms: Effect of a 6-Week Training 
Program on Muscle Recruitment and Functional Outcome. 
Am J Sports Med. 2012;40:1906-1915. 

7. Roy JS, Moffet H, McFadyen BJ. Upper limb motor 
strategies in persons with and without shoulder impingement 
syndrome across different speeds of movement. Clin 
Biomech. 2008;23:1227-1236. 

8. Ylinen J, Vuorenmaa M, Paloneva J, et al. 
Exercise therapy is evidence-based treatment of 
shoulder impingement syndrome. Current practice 
or recommendation only. Eur J Phys Rehabil Med. 
2013;49(4):499-505. 

9. Kuhn JE. Exercise in the treatment of rotator cuff 
impingement: A systematic review and a synthesized 
evidence-based rehabilitation protocol. J Shoulder Elb Surg. 
2009;18:138-160. 

10. Reinold MM, Escamilla RF, Wilk KE. Current concepts 
in the scientific and clinical rationale behind exercises for 
glenohumeral and scapulothoracic musculature. J Orthop 
Sports Phys Ther. 2009;39:105-117. 

11. Senbursa G, Baltaci G, Atay A. Comparison of 
conservative treatment with and without manual physical 
therapy for patients with shoulder impingement syndrome: 
a prospective, randomized clinical trial. Knee Surg Sports 
Traumatol Arthrosc. 2007;15:915-921. 

12. Bang MD, Deyle GD. Comparison of Supervised 
Exercise with and without Manual Physical Therapy for 
Patients with Shoulder Impingement Syndrome. J Orthop 
Sports Phys Ther. 2000,30: 126-137 

13. Oliva F, Osti L, Padulo J, Maffulli N. Epidemiology of the 
rotator cuff tears: a new incidence related to thyroid disease. 
Muscles Ligaments Tendons J. 2014;4(3):309-314. 

14. McFarland EG, Maffulli N, Del Buono A, Murrell 
GAC, Garzon-Muvdi J, Petersen SA. Impingement is not 
impingement: the case for calling it “Rotator Cuff Disease”. 
Muscles Ligaments Tendons J. 2013;3:196-200. 

15. Seagger RM, Wallace AL. (i) Degenerative rotator cuff 
disease and impingement. Orthop Trauma. 2011;25:1-10. 

16. Reed D, Halaki M, Ginn K. The rotator cuff muscles 
are activated at low levels during shoulder adduction: An 
experimental study. J Physiother. 2010;56(4):259-264. 

17. Davies, GJ, Riemann, BL, Byrnes, E, Simpson, L, 
Stephens G. The effectiveness of blocked versus random 
exercise training programs using isolated shoulder exercises 
and selected outcome measures. Abstr Accept ISAKOS 8th 
Bienn Congr Janeiro. 2011;May.

18. Muething A, Acocello S, Rupp K, Brockmeier S, Saliba 
S, Hart J. Shoulder Muscle Activation in Individuals With 
Previous Shoulder Injuries. J Sport Rehabil. 2015.24(3):278-
85.

19. Hughes RE, An KN. Force analysis of rotator cuff 
muscles. Clin Orthop Relat Res. 1996:75-83.

20. Liu J, Hughes RE, Smutz WP, Niebur G, Nan-An 
K. Roles of deltoid and rotator cuff muscles in shoulder 
elevation. Clin Biomech. 1997;12:32-38. 

21. Solem-Bertoft E, Thuomas KA, Westerberg CE. The 
influence of scapular retraction and protraction on the width 
of the subacromial space. An MRI study. Clin Orthop Relat 
Res. 1993:99-103. 

22. Kibler W Ben, Sciascia A, Dome D. Evaluation of 
apparent and absolute supraspinatus strength in patients 
with shoulder injury using the scapular retraction test. Am J 
Sports Med. 2006;34:1643-1647. 

23. Cools AM, Dewitte V, Lanszweert F, et al. Rehabilitation 
of scapular muscle balance: which exercises to prescribe? 
Am J Sports Med. 2007;35:1744-1751. 

24. Escamilla RF, Yamashiro K, Paulos L, Andrews JR. 
Shoulder muscle activity and function in common shoulder 
rehabilitation exercises. Sport Med. 2009;39:663-685. 

25. Deutsch A, Altchek DW, Schwartz E, Otis JC, Warren 
RF. Radiologic measurement of superior displacement of 
the humeral head in the impingement syndrome. J Shoulder 
Elbow Surg. 5(3):186-193. 

26. Graichen H, Bonel H, Stammberger T, et al. Three-
dimensional analysis of the width of the subacromial 
space in healthy subjects and patients with impingement 
syndrome. In: American Journal of Roentgenology.Vol 172.; 
1999:1081-1086. 

27. Poppen NK, Walker PS. Normal and abnormal motion of 
the shoulder. J Bone Joint Surg Am. 1976;58:195-201.



7

BEGINNER EXERCISES FOR THE SHOULDER (WEIGHTS)
PRACTITIONER NOTES

evidenceforexercise.org

28. Halder AM, Zhao KD, O’Driscoll SW, Morrey BF, An 
KN. Dynamic contributions to superior shoulder stability. J 
Orthop Res. 2001;19:206-212. 

29. Dvir Z, Berme N. The shoulder complex in elevation of 
the arm: a mechanism approach. J Biomech. 1978;11:219-
225.

30. Halder AM, Halder CG, Zhao KD, O’Driscoll SW, Morrey 
BF, An KN. Dynamic inferior stabilizers of the shoulder joint. 
Clin Biomech. 2001;16:138-143. 

31. Myers JB, Hwang JH, Pasquale MR, Blackburn JT, 
Lephart SM. Rotator cuff coactivation ratios in participants 
with subacromial impingement syndrome. J Sci Med Sport. 
2009;12:603-608. 

32. Reinold MM, Macrina LC, Wilk KE, et al. 
Electromyographic analysis of the supraspinatus and deltoid 
muscles during 3 common rehabilitation exercises. J Athl 
Train. 2007;42:464-469. 

33. Tino D, Hillis C. The Full Can Exercise as the 
Recommended Exercise for Strengthening the 
Supraspinatus While Minimizing Impingement. Strength 
Cond J. 2010;32:33-35. 

34. Kelly BT, Kadrmas WR, Speer KP. The manual muscle 
examination for rotator cuff strength. An electromyographic 
investigation. Am J Sports Med. 24(5):581-588. 

35. Takeda Y, Kashiwaguchi S, Endo K, Matsuura T, 
Sasa T. The most effective exercise for strengthening the 
supraspinatus muscle: evaluation by magnetic resonance 
imaging. Am J Sports Med. 30(3):374-381. 

36. Smith J, Dietrich CT, Kotajarvi BR, Kaufman KR. 
The effect of scapular protraction on isometric shoulder 
rotation strength in normal subjects. J Shoulder Elb Surg. 
2006;15:339-343.

37. Thigpen CA, Padua DA, Morgan N, Kreps C, Karas 
SG. Scapular kinematics during supraspinatus rehabilitation 
exercise: a comparison of full-can versus empty-can 
techniques. Am J Sports Med. 2006;34:644-652. 

38. Grandis A, Spadari A, Bombardi C, Tozzi AC, De Sordi 
N, Lucchi ML. Mechanoreceptors in the medial and lateral 
glenohumeral ligaments of the canine shoulder joint. Vet 
Comp Orthop Traumatol. 2007;20:291-295.

39. Carpenter JE, Blasier RB, Pellizzon GG. The effects of 
muscle fatigue on shoulder joint position sense. Am J Sports 
Med. 1998;26:262-265. 

40. Cools AM, Witvrouw EE, Declercq GA, Vanderstraeten 
GG, Cambier DC. Evaluation of isokinetic force production 
and associated muscle activity in the scapular rotators 
during a protraction-retraction movement in overhead 
athletes with impingement symptoms. Br J Sports Med. 
2004;38:64-68. 

41. Cools AM, Witvrouw EE, Mahieu NN, Danneels LA. 
Isokinetic scapular muscle performance in overhead athletes 
with and without impingement symptoms. J Athl Train. 
2005;40:104-110.

42. Cools AM, Declercq GA, Cambier DC, Mahieu 
NN, Witvrouw EE. Trapezius activity and intramuscular 
balance during isokinetic exercise in overhead athletes 
with impingement symptoms. Scand J Med Sci Sport. 
2007;17:25-33. 

43. Ludewig PM, Cook TM. Alterations in shoulder 
kinematics and associated muscle activity in people 
with symptoms of shoulder impingement. Phys Ther. 
2000;80:276-291.

44. Lukasiewicz AC, McClure P, Michener L, Pratt N, 
Sennett B. Comparison of 3-dimensional scapular position 
and orientation between subjects with and without shoulder 
impingement. J Orthop Sports Phys Ther. 1999;29:574-583; 
discussion 584-586. 

45. Wadsworth DJ, Bullock-Saxton JE. Recruitment patterns 
of the scapular rotator muscles in freestyle swimmers with 
subacromial impingement. Int J Sports Med. 1997;18:618-
624. 

46. Hallström E, Kärrholm J. Shoulder kinematics in 25 
patients with impingement and 12 controls. Clin Orthop 
Relat Res. 2006;448:22-27. 

47. McClure PW, Michener LA, Karduna AR. Shoulder 
function and 3-dimensional scapular kinematics in people 
with and without shoulder impingement syndrome. Phys 
Ther. 2006;86:1075-1090.

48. Warner JJ, Micheli LJ, Arslanian LE, Kennedy J, 
Kennedy R. Scapulothoracic motion in normal shoulders and 
shoulders with glenohumeral instability and impingement 
syndrome. A study using Moiré topographic analysis. Clin 
Orthop Relat Res. 1992:191-199. 

49. Fuller JR, Lomond K V., Fung J, Côté JN. Posture-
movement changes following repetitive motion-induced 
shoulder muscle fatigue. J Electromyogr Kinesiol. 
2009;19:1043-1052. 

50. Moseley JB, Jobe FW, Pink M, Perry J, Tibone J. 
EMG analysis of the scapular muscles during a shoulder 
rehabilitation program. Am J Sports Med. 20(2):128-134. 

51. Fernández-de-las-Peñas C, Gröbli C, Ortega-Santiago 
R, et al. Referred Pain From Myofascial Trigger Points in 
Head, Neck, Shoulder, and Arm Muscles Reproduces Pain 
Symptoms in Blue-collar (Manual) and White-collar (Office) 
Workers. Clin J Pain. 2012;28:511-518. 

52. Simons D. G., Travell J. G. SLS. Myofascial Pain and 
Dysfunction: The Trigger Point Manual. 2nd ed. Baltimore, 
USA: Lippincott Williams & Wilkins; 1999.

53. Chu J. Dry needling (intramuscular stimulation) in 
myofascial pain related to lumbosacral radiculopathy. Eur J 
Phys Med Rehabil. 1995;5:106-121.

54. Akamatsu FE, Ayres BR, Saleh SO, et al. Trigger 
points: an anatomical substratum. Biomed Res Int. 
2015;2015:623287. 

55. Simons DG, Hong C-Z, Simons LS. Endplate potentials 
are common to midfiber myofacial trigger points. Am J Phys 
Med Rehabil. 2002;81:212-222. 



8

BEGINNER EXERCISES FOR THE SHOULDER (WEIGHTS)
PRACTITIONER NOTES

evidenceforexercise.org

56. Simons DG. Do endplate noise and spikes arise 
from normal motor endplates? Am J Phys Med Rehabil. 
2001;80:134-140. 

57. Karakurum B, Karaalin O, Coskun Ö, Dora B, Üçler 
S, Inan LE. The “dry-needle technique”: Intramuscular 
stimulation in tension-type headache. Cephalalgia. 
2001;21:813-817. 

58. Pereira CCDA, López RFA, Vilarta R. Effects of physical 
activity programmes in the workplace (PAPW) on the 
perception and intensity of musculoskeletal pain experienced 
by garment workers. Work. 2013;44(4):415-421. 

59. Reinold MM, Wilk KE, Macrina LC, Dugas JR, Andrews 
JR. Rehabilitation after Thermal-Assisted Capsular Shrinkage 
of the Glenohumeral Joint. In: Postsurgical Orthopedic 
Sports Rehabilitation.; 2006:583-606. 

60. Wilk KE, Arrigo CA, Andrews JR. Current concepts: the 
stabilizing structures of the glenohumeral joint. J Orthop 
Sports Phys Ther. 1997;25:364-379. 

61. Reddy AS, Mohr KJ, Pink MM, Jobe FW. 
Electromyographic analysis of the deltoid and rotator cuff 
muscles in persons with subacromial impingement. J 
Shoulder Elb Surg. 2000;9:519-523. 

62. A. SMM, C. PLP-C, S.M. OJF, I. AC, H. JMC, de 
Moraes AC. Electromyographic analysis of posterior deltoid, 
posterior rotator cuff and trapezius musculature in different 
shoulder exercises. Int Sport J. 2013;14:1-15. 

63. Reinold MM, Wilk KE, Fleisig GS, et al. 
Electromyographic analysis of the rotator cuff and deltoid 
musculature during common shoulder external rotation 
exercises. J Orthop Sports Phys Ther. 2004;34:385-394. 

64. O’Brien SJ, Neves MC, Arnoczky SP, et al. The anatomy 
and histology of the inferior glenohumeral ligament complex 
of the shoulder. Am J Sports Med. 18(5):449-456. 

65. Ellenbecker TS, Davies GJ, Rowinski MJ. Concentric 
versus eccentric isokinetic strengthening of the rotator cuff. 
Objective data versus functional test. Am J Sports Med. 
16(1):64-69. 

66. Smith RL, Brunolli J. Shoulder kinesthesia after anterior 
glenohumeral joint dislocation. Phys Ther. 1989;69:106-112.

67. Lee HM, Liau JJ, Cheng CK, Tan CM, Shih JT. 
Evaluation of shoulder proprioception following muscle 
fatigue. Clin Biomech. 2003;18:843-847.

68. Voight ML, Hardin JA, Blackburn TA, Tippett S, Canner 
GC. The Effects of Muscle Fatigue on and the Relationship 
of Arm Dominance to Shoulder Proprioception. J Orthop 
Sports Phys Ther. 1996 23(6):348-52.

69. Chapman D, Newton M, Sacco P, Nosaka K. Greater 
muscle damage induced by fast versus slow velocity 
eccentric exercise. Int J Sports Med. 2006;27:591-598. 

70. Lastayo PC, Reich TE, Urquhart M, Hoppeler H, 
Lindstedt SL. Chronic Eccentric Exercise: Improvements in 
Muscle Strength Can Occur with Little Demand for Oxygen. 
Am J Physiol. 1999 276(2 Pt 2):R611-5.

71. Dudley GA, Tesch PA, Miller BJ, Buchanan P. 
Importance of eccentric actions in performance adaptations 
to resistance training. Aviat Sp Environ Med. 1991;62:543-
550.

72. Yarrow JF, Borsa PA, Borst SE, Sitren HS, Stevens BR, 
White LJ. Neuroendocrine responses to an acute bout of 
eccentric-enhanced resistance exercise. Med Sci Sports 
Exerc. 2007;39:941-947. 

73. Kaminski TW, Wabbersen C V., Murphy RM. Concentric 
versus enhanced eccentric hamstring strength training: 
Clinical implications. J Athl Train. 1998;33:216-221.

74. Fitzgerald GK, Rothstein JM, Mayhew TP, Lamb RL. 
Exercise-Induced Muscle Soreness after Concentric 
and Eccentric Isokinetic Contractions. Phys Ther. 1991 
71(7):505-13. 

75. Colliander EB, Tesch PA. Effects of eccentric and 
concentric muscle actions in resistance training. Acta Physiol 
Scand. 1990;140:31-39. 

76. Purkayastha S, Cramer JT, Trowbridge CA, Fincher AL, 
Marek SM. Surface electromyographic amplitude-to-work 
ratios during isokinetic and isotonic muscle actions. J Athl 
Train. 2006;41:314-320.

77. Gleeson N, Eston R, Marginson V, McHugh M. Effects 
of prior concentric training on eccentric exercise induced 
muscle damage. Br J Sports Med. 2003;37:119-125; 
discussion 125.

78. Parr JJ, Yarrow JF, Garbo CM, Borsa PA. Symptomatic 
and functional responses to concentric-eccentric isokinetic 
versus eccentric-only isotonic exercise. J Athl Train. 
2009;44:462-468. 

79. Clarkson PM, Hubal MJ. Exercise-induced 
muscle damage in humans. Am J Phys Med Rehabil. 
2002;81:S52-S69. 

80. Bernhardsson S, Klintberg IH, Wendt GK. Evaluation of 
an exercise concept focusing on eccentric strength training 
of the rotator cuff for patients with subacromial impingement 
syndrome. Clin Rehabil. 2011;25:69-78. 

81. Alfredson H. Chronic midportion Achilles tendinopathy: 
An update on research and treatment. Clin Sports Med. 
2003;22:727-741.

82. Alfredson H, Lorentzon R. Chronic Achilles tendinosis: 
recommendations for treatment and prevention. Sports Med. 
2000;29:135-146. 

83. Alfredson H, Pietilä T, Jonsson P, Lorentzon R. Heavy-
load eccentric calf muscle training for the treatment of 
chronic Achilles tendinosis. Am J Sports Med. 1998;26:360-
366. 

84. Mafi N, Lorentzon R, Alfredson H. Superior short-term 
results with eccentric calf muscle training compared to 
concentric training in a randomized prospective multicenter 
study on patients with chronic Achilles tendinosis. Knee 
Surgery, Sport Traumatol Arthrosc. 2001;9:42-47. 

85. Kannus P, Józsa L, Natri A, Järvinen M. Effects of 
training, immobilization and remobilization on tendons. 
Scand J Med Sci Sports. 1997;7:67-71. 



9

BEGINNER EXERCISES FOR THE SHOULDER (WEIGHTS)
PRACTITIONER NOTES

evidenceforexercise.org

86. Camargo PR, Alburquerque-Sendín F, Salvini TF. 
Eccentric training as a new approach for rotator cuff 
tendinopathy: Review and perspectives. World J Orthop. 
2014;5(5):634-644. 

87. Coury HJCG, Brasileiro JS, Salvini TF, Poletto PR, 
Carnaz L, Hansson GA. Change in knee kinematics during 
gait after eccentric isokinetic training for quadriceps 
in subjects submitted to anterior cruciate ligament 
reconstruction. Gait Posture. 2006;24:370-374. 

88. LaStayo PC, Woolf JM, Lewek MD, Snyder-Mackler L, 
Reich T, Lindstedt SL. Eccentric muscle contractions: their 
contribution to injury, prevention, rehabilitation, and sport. J 
Orthop Sports Phys Ther. 2003;33:557-571. 

89. Remaud A, Cornu C, Guével A. A methodologic 
approach for the comparison between dynamic 
contractions: Influences on the neuromuscular system. J 
Athl Train. 2005;40:281-287.

90. Gowan ID, Jobe FW, Tibone JE, Perry J, Moynes DR. 
A comparative electromyographic analysis of the shoulder 
during pitching. Professional versus amateur pitchers. Am J 
Sports Med. 15(6):586-590.

91. Mitchell K, Banks S, Morgan D, Sugaya H. Shoulder 
Motions during the Golf Swing in Male Amateur Golfers.J  
Orthop Sports Phys Ther. 2003 33(4):196-203.

92. Pezarat-Correia Pedro 1 CC 1, Pedro1, Dias Viriato1 
FO. Timing of neuromuscular activation patterns during 
flat tennis serve. 12th Annu Congr ECSS, Jyväskylä, Finl. 
2007;(July):367.

93. Cummins CA, Messer TM, Schafer MF. Infraspinatus 
muscle atrophy in professional baseball players. Am J Sports 
Med. 2004;32:116-120. 

94. Wilk KE, Andrews JR, Arrigo CA, Keirns MA, Erber DJ. 
The strength characteristics of internal and external rotator 
muscles in professional baseball pitchers. Am J Sports Med. 
21(1):61-66. 

95. Blackburn TA, McLeod WD, White B WL. EMG analysis 
of posterior rotator cuff exercises. Athl Train J Natl Athl Train 
Assoc. 1990;25:40-45.

96. Ballantyne BT, O’Hare SJ, Paschall JL, et al. 
Electromyographic activity of selected shoulder muscles 
in commonly used therapeutic exercises. Phys Ther. 
1993;73:668-677; discussion 677-682.

97. Cowell JF, Cronin J, Brughelli M. Eccentric Muscle 
Actions and How the Strength and Conditioning Specialist 
Might Use Them for a Variety of Purposes. Strength Cond J. 
2012;34:33-48. 

98. Diederichsen LP, Winther A, Dyhre-Poulsen P, 
Krogsgaard MR, Nørregaard J. The influence of 
experimentally induced pain on shoulder muscle activity. Exp 
Brain Res. 2009;194:329-337. 

99. Kim HM, Dahiya N, Teefey SA, et al. Location and 
initiation of degenerative rotator cuff tears: an analysis of 
three hundred and sixty shoulders. J Bone Joint Surg Am. 
2010;92:1088-1096. 

100. Cowan SM, Bennell KL, Hodges PW, Crossley KM, 
McConnell J. Simultaneous feedforward recruitment of the 
vasti in untrained postural tasks can be restored by physical 
therapy. J Orthop Res. 2003;21:553-558. 

101. Tsao H, Hodges PW. Immediate changes in 
feedforward postural adjustments following voluntary motor 
training. Exp Brain Res. 2007;181:537-546. 



10

INTERMEDIATE EXERCISES FOR THE SCAPULA
PRACTITIONER NOTES

evidenceforexercise.org

REFERENCES
1. Worsley P, Warner M, Mottram S, et al. Motor control 
retraining exercises for shoulder impingement: Effects on 
function, muscle activation, and biomechanics in young 
adults. J Shoulder Elb Surg. 2013;22. 

2. Day JM, Bush H, Nitz AJ, Uhl TL. Scapular Muscle 
Performance in Individuals With Lateral Epicondylalgia. J 
Orthop Sports Phys Ther. 2015:1-35.

3. Wegner S, Jull G, O’Leary S, Johnston V. The effect of a 
scapular postural correction strategy on trapezius activity in 
patients with neck pain. Man Ther. 2010;15:562-566. 

4. Kuhn JE. Exercise in the treatment of rotator cuff 
impingement: A systematic review and a synthesized 
evidence-based rehabilitation protocol. J Shoulder Elb Surg. 
2009;18:138-160. 

5. Silbernagel KG, Thomeé R, Eriksson BI, Karlsson J. 
Continued sports activity, using a pain-monitoring model, 
during rehabilitation in patients with Achilles tendinopathy: 
a randomized controlled study. Am J Sports Med. 
2007;35(6):897-906. 

6. Lehman GJ, Buchan DD, Lundy A, Myers N, Nalborczyk 
A. Variations in muscle activation levels during traditional 
latissimus dorsi weight training exercises: An experimental 
study. Dyn Med. 2004;3:4. 

7. Struyf F, Cagnie B, Cools A, et al. Scapulothoracic muscle 
activity and recruitment timing in patients with shoulder 
impingement symptoms and glenohumeral instability. J 
Electromyogr Kinesiol. 2014;24(2):277-284. 

8. Myers JB, Pasquale MR, Laudner KG, Sell TC, Bradley 
JP, Lephart SM. On-the-field resistance-tubing exercises 
for throwers: An electromyographic analysis. J Athl Train. 
2005;40(1):15-22. 

9. Warner JJ, Micheli LJ, Arslanian LE, Kennedy J, Kennedy 
R. Scapulothoracic motion in normal shoulders and 
shoulders with glenohumeral instability and impingement 
syndrome. A study using Moiré topographic analysis. Clin 
Orthop Relat Res. 1992:191-199. 

10. Ludewig PM, Cook TM. Alterations in shoulder 
kinematics and associated muscle activity in people 
with symptoms of shoulder impingement. Phys Ther. 
2000;80:276-291.

11. Lukasiewicz AC, McClure P, Michener L, Pratt N, 
Sennett B. Comparison of 3-dimensional scapular position 
and orientation between subjects with and without shoulder 
impingement. J Orthop Sports Phys Ther. 1999;29:574-583; 
discussion 584-586.

12. McClure PW, Michener LA, Karduna AR. Shoulder 
function and 3-dimensional scapular kinematics in people 
with and without shoulder impingement syndrome. Phys 
Ther. 2006;86:1075-1090.

13. McClure PW, Bialker J, Neff N, Williams G, Karduna A. 
Shoulder function and 3-dimensional kinematics in people 
with shoulder impingement syndrome before and after a 
6-week exercise program. Phys Ther. 2004;84(9):832-848.

14. Scibek JS, Mell AG, Downie BK, Carpenter JE, Hughes 
RE. Shoulder kinematics in patients with full-thickness 
rotator cuff tears after a subacromial injection. J Shoulder 
Elb Surg. 2008;17(1):172-181.

15. Kibler W Ben, McMullen J. Scapular dyskinesis and 
its relation to shoulder pain. J Am Acad Orthop Surg. 
2003;11(2):142-151. 

16. Noguchi M, Chopp JN, Borgs SP, Dickerson CR. 
Scapular orientation following repetitive prone rowing: 
Implications for potential subacromial impingement 
mechanisms. J Electromyogr Kinesiol. 2013;23(6):1356-
1361. 

17. McClure PW, Michener LA, Sennett BJ, Karduna AR. 
Direct 3-dimensional measurement of scapular kinematics 
during dynamic movements in vivo. J Shoulder Elb Surg. 
2001;10(3):269-277. 

18. Johnson GR, Stuart PR, Mitchell S. A method for the 
measurement of three-dimensional scapular movement. Clin 
Biomech. 1993;8(5):269-273. 

19. Meskers CGM, Vermeulen HM, De Groot JH, Van Der 
Helm FCT, Rozing PM. 3D shoulder position measurements 
using a six-degree-of-freedom electromagnetic tracking 
device. Clin Biomech. 1998;13(4-5):280-292. 

20. Odom CJ, Taylor  a B, Hurd CE, Denegar CR. 
Measurement of scapular asymetry and assessment of 
shoulder dysfunction using the Lateral Scapular Slide Test: a 
reliability and validity study. Phys Ther. 2001;81(2):799-809. 

21. Shadmehr A, Sarafraz H, Heidari Blooki M, Jalaie SH, 
Morais N. Reliability, agreement, and diagnostic accuracy 
of the Modified Lateral Scapular Slide test. Man Ther. 
2016;24:18-24.

22. Curtis T, Roush JR. The Lateral Scapular Slide Test: 
A Reliability Study of Males with and without Shoulder 
Pathology. N Am J Sports Phys Ther. 2006;1(3):140-146.

23. Kibler W Ben, Ludewig PM, McClure PW, Michener 
LA, Bak K, Sciascia AD. Clinical implications of scapular 
dyskinesis in shoulder injury: the 2013 consensus 
statement from the “Scapular Summit”. Br J Sports Med. 
2013;47(14):877-885. 

24. Uhl TL, Kibler W Ben, Gecewich B, Tripp BL. Evaluation 
of clinical assessment methods for scapular dyskinesis. 
Arthroscopy. 2009;25(11):1240-1248. 

25. McClure P, Tate AR, Kareha S, Irwin D, Zlupko E. A 
clinical method for identifying scapular dyskinesis, part 1: 
Reliability. J Athl Train. 2009;44(2):160-164. 

26. Kibler W Ben, Uhl TL, Maddux JWQ, Brooks P V., Zeller 
B, McMullen J. Qualitative clinical evaluation of scapular 
dysfunction: A reliability study. J Shoulder Elb Surg. 
2002;11(6):550-556. 

27. Koslow P a, Prosser L a, Strony G a, Suchecki SL, 
Mattingly GE. Specificity of the lateral scapular slide test in 
asymptomatic competitive athletes. J Orthop Sports Phys 
Ther. 2003;33(6):331-336. 



11

INTERMEDIATE EXERCISES FOR THE SCAPULA
PRACTITIONER NOTES

evidenceforexercise.org

28. Tate AR, McClure P, Kareha S, Irwin D, Barbe MF. A 
clinical method for identifying scapular dyskinesis, part 2: 
Validity. J Athl Train. 2009;44(2):165-173. 

29. Schory A, Bidinger E, Wolf J, Murray L. A systematic 
review of the exercises that produce optimal muscle ratios of 
the scapula stabilizers in normal shoulders. Int J Sports Phys 
Ther. 2016;11(3):321-336.

30. Inman VT, Saunders JB, Abbott LC. Observations of the 
function of the shoulder joint. 1944. Clin Orthop Relat Res. 
1996;(330):3-12. 

31. Johnson G, Bogduk N, Nowitzke A, House D. Anatomy 
and actions of the trapezius muscle. Clin Biomech. 
1994;9(1):44-50. 

32. Lindman R, Eriksson A, Thornell LE. Fiber type 
composition of the human female trapezius muscle: enzyme-
histochemical characteristics. Am J Anat. 1991;190(4):385-
392. 

33. Holtermann A, Roeleveld K, Mork PJ, et al. Selective 
activation of neuromuscular compartments within the human 
trapezius muscle. J Electromyogr Kinesiol. 2009;19(5):896-
902. 

34. Kierner AC, Burian M, Bentzien S, Gstoettner W. 
Intraoperative electromyography for identification of the 
trapezius muscle innervation: clinical proof of a new 
anatomical concept. Laryngoscope. 2002;112(10):1853-
1856.

35. Shiozaki K, Abe S, Agematsu H, et al. Anatomical Study 
of Accessory Nerve Innervation Relating to Functional Neck 
Dissection. J Oral Maxillofac Surg. 2007;65(1):22-29. 

36. Huang T-S, Du W-Y, Wang T-G, et al. Progressive 
conscious control of scapular orientation with video 
feedback has improvement in muscle balance ratio in 
patients with scapular dyskinesis: a randomized controlled 
trial. J Shoulder Elb Surg. 2018.

37. English AW, Wolf SL, Segal RL. Compartmentalization of 
muscles and their motor nuclei: the partitioning hypothesis. 
Phys Ther. 1993;73(12):857-867. 

38. Johnson G, Bogduk N, Nowitzke  a., House D. 
Anatomy and actions of the trapezius muscle. Clin Biomech. 
1994;9(1):44-50. 

39. Cools AM, Dewitte V, Lanszweert F, et al. Rehabilitation 
of scapular muscle balance: which exercises to prescribe? 
Am J Sports Med. 2007;35:1744-1751. 

40. Moseley JB, Jobe FW, Pink M, Perry J, Tibone J. 
EMG analysis of the scapular muscles during a shoulder 
rehabilitation program. Am J Sports Med. 20(2):128-134. 

41. De Mey K, Cagnie B, Van De Velde A, Danneels L, 
Cools AM. Trapezius Muscle Timing During Selected 
Shoulder Rehabilitation Exercises. J Orthop Sport Phys Ther. 
2009;39(10):743-752. 

42. De Mey K, Danneels L, Cagnie B, Huyghe L, Seyns E, 
Cools AM. Conscious Correction of Scapular Orientation 
in Overhead Athletes Performing Selected Shoulder 
Rehabilitation Exercises: The Effect on Trapezius Muscle 
Activation Measured by Surface Electromyography. J Orthop 
Sport Phys Ther. 2013;43(1):3-10. 

43. McCabe RA, Orishimo KF, McHugh MP, Nicholas SJ. 
Surface electromygraphic analysis of the lower trapezius 
muscle during exercises performed below ninety degrees of 
shoulder elevation in healthy subjects. N Am J Sport Phys 
Ther. 2007;2(1):34-43.

44. Cools AM, Witvrouw EE, Declercq GA, Vanderstraeten 
GG, Cambier DC. Evaluation of isokinetic force production 
and associated muscle activity in the scapular rotators 
during a protraction-retraction movement in overhead 
athletes with impingement symptoms. Br J Sports Med. 
2004;38(1):64-68. 

45. Ekstrom RA, Donatelli RA, Soderberg GL. Surface 
Electromyographic Analysis of Exercises for the Trapezius 
and Serratus Anterior Muscles. J Orthop Sports Phys Ther. 
2003. 33(5):247-58

46. Andersen CH, Zebis MK, Saervoll C, et al. Scapular 
muscle activity from selected strengthening exercises 
performed at low and high intensities. J Strength Cond Res. 
2012;26(9):2408-2416. 

47. Martin RM, Fish DE. Scapular winging: Anatomical 
review, diagnosis and treatments. Curr Rev Musculoskelet 
Med. 2008;1(1):1-11. 

48. Kauppila LI, Vastamäki M. Iatrogenic serratus anterior 
paralysis: Long-term outcome in 26 patients. Chest. 
1996;109(1):31-34.

49. Overpeck DO, Ghormley RK. Paralysis of the serratus 
magnus muscle: Caused by lesions of the long thoracic 
nerve. J Am Med Assoc. 1940;114(20):1994-1996. 

50. Gregg JR, Labosky D, Harty M, et al. Serratus anterior 
paralysis in the young athlete. J Bone Joint Surg Am. 
1979;61(6A):825-832.

51. Hardwick DH, Beebe JA, McDonnell MK, Lang CE. A 
comparison of serratus anterior muscle activation during a 
wall slide exercise and other traditional exercises. J Orthop 
Sport Phys Ther. 2006;36(12):903-910. 

52. Lukasiewicz AC, McClure P, Michener L, et al. 
Comparison of 3-Dimensional Scapular Position and 
Orientation Between Subjects With and Without Shoulder 
Impingement. J Orthop Sport Phys Ther. 1999;29(10):574-
586. 

53. Castelein B, Cagnie B, Parlevliet T, Cools A. Superficial 
and Deep Scapulothoracic Muscle Electromyographic 
Activity During Elevation Exercises in the Scapular Plane. J 
Orthop Sport Phys Ther. 2016;46(3):184-193. 

54. Wise MB, Uhl TL, Mattacola CG, Nitz AJ, Kibler W 
Ben. The effect of limb support on muscle activation during 
shoulder exercises. J Shoulder Elb Surg. 2004;13(6):614-
620. 



12

INTERMEDIATE EXERCISES FOR THE SCAPULA
PRACTITIONER NOTES

evidenceforexercise.org

55. Smith J, Padgett DJ, Kaufman KR, Harrington SP, An 
KN, Irby SE. Rhomboid muscle electromyography activity 
during 3 different manual muscle tests. Arch Phys Med 
Rehabil. 2004;85(6):987-992

56. Moseley  Jr. JB, Jobe FW, Pink M, Perry J, Tibone J. 
EMG analysis of the scapular muscles during a shoulder 
rehabilitation program. Am J Sport Med. 1992;20(2):128-
134. 

57. Choi WJ, Cynn HS, Lee CH, et al. Shrug exercises 
combined with shoulder abduction improve scapular upward 
rotator activity and scapular alignment in subjects with 
scapular downward rotation impairment. J Electromyogr 
Kinesiol. 2015;25(2):363-370. 

58. Cools AM, Witvrouw EE, Declercq GA, Vanderstraeten 
GG, Cambier DC. Evaluation of isokinetic force production 
and associated muscle activity in the scapular rotators 
during a protraction-retraction movement in overhead 
athletes with impingement symptoms. Br J Sports Med. 
2004;38:64-68. 

59. Ludewig PM, Reynolds JF. The association of scapular 
kinematics and glenohumeral joint pathologies. J Orthop 
Sports Phys Ther. 2009;39(2):90-104. 

60. Ratcliffe E, Pickering S, McLean S, Lewis J. Is there a 
relationship between subacromial impingement syndrome 
and scapular orientation? A systematic review. Br J Sports 
Med. 2014;48(16):1251-1256. 

61. Timmons MK, Thigpen CA, Seitz AL, Karduna AR, 
Arnold BL, Michener LA. Scapular Kinematics and 
Subacromial-Impingement Syndrome: A Meta-Analysis. J 
Sport Rehabil. 2012;21(4):354-370. 

62. Hintermeister RA, Lange GW, Schultheis JM, Bey MJ, 
Hawkins RJ. Electromyographic Activity and Applied Load 
During Shoulder Rehabilitation Exercises Using Elastic 
Resistance. Am J Sports Med. 1998;26(2):210-220. 

63. Pizzari T, Wickham J, Balster S, Ganderton C, Watson L. 
Modifying a shrug exercise can facilitate the upward rotator 
muscles of the scapula. Clin Biomech. 2014;29(2):201-205. 

64. Castelein B, Cools A, Parlevliet T, Cagnie B. Modifying 
the shoulder joint position during shrugging and retraction 
exercises alters the activation of the medial scapular 
muscles. Man Ther. 2016;21:250-255. 

65. Smith J, Padgett DJ, Dahm DL, et al. Electromyographic 
activity in the immobilized shoulder girdle musculature during 
contralateral upper limb movements. J Shoulder Elb Surg. 
2004;13:583-588. 

66. Muraki T, Yamamoto N, Sperling JW, Steinmann SP, 
Cofield RH, An KN. The effect of scapular position on 
subacromial contact behavior: a cadaver study. J Shoulder 
Elb Surg. 2017;26(5):861-869. 

67. Holmgren T, Bjornsson Hallgren H, Oberg B, 
Adolfsson L, Johansson K. Effect of specific exercise 
strategy on need for surgery in patients with subacromial 
impingement syndrome: randomised controlled study. BMJ. 
2012;344:e787-e787.

68. Ellenbecker TS, Cools A. Rehabilitation of shoulder 
impingement syndrome and rotator cuff injuries: An 
evidence-based review. Br J Sports Med. 2010;44(5):319-
327. 

69. Kibler W Ben, Sciascia AD, Uhl TL, Tambay N, 
Cunningham T. Electromyographic Analysis of Specific 
Exercises for Scapular Control in Early Phases of Shoulder 
Rehabilitation. Am J Sports Med. 2008. 36(9):1789-98

70. Tsuruike M, Ellenbecker TS. Serratus Anterior and 
Lower Trapezius Muscle Activities During Multi-Joint Isotonic 
Scapular Exercises and Isometric Contractions. J Athl Train. 
2015;50(2):199-210. 

71. Pontillo M, Orishimo KF, Kremenic IJ, McHugh MP, 
Mullaney MJ, Tyler TF. Shoulder musculature activity and 
stabilization during upper extremity weight-bearing activities. 
N Am J Sports Phys Ther. 2007;2(2):90-96.

72. Uhl TL, Carver TJ, Mattacola CG, Mair SD, Nitz AJ. 
Shoulder musculature activation during upper extremity 
weight-bearing exercise. J Orthop Sport Phys Ther. 
2003;33(3):109-117. 

73. Neviaser RJ, Neviaser TJ. Reoperation for failed rotator 
cuff repair: Analysis of fifty cases. J Shoulder Elbow Surg. 
1992;1(6):283-286. 

74. Uhl TL, Carver TJ, Mattacola CG, Mair SD, Nitz AJ. 
Shoulder musculature activation during upper extremity 
weight-bearing exercise. J Orthop Sports Phys Ther. 
2003;33(3):109-117. 

75. Bitter NL, Clisby EF, Jones MA, Magarey ME, 
Jaberzadeh S, Sandow MJ. Relative contributions of 
infraspinatus and deltoid during external rotation in healthy 
shoulders. J Shoulder Elb Surg. 2007;16(5):563-568. 

76. Reinold MM, Escamilla RF, Wilk KE. Current concepts 
in the scientific and clinical rationale behind exercises for 
glenohumeral and scapulothoracic musculature. J Orthop 
Sports Phys Ther. 2009;39:105-117. 

77. Ju S-K, Yoo W-G. Electromyography activity of the 
deltoid muscle of the weight-bearing side during shoulder 
flexion in various weight-bearing positions. J Phys Ther Sci. 
2015;27(10):3285-3286.

78. Batbayar Y, Uga D, Nakazawa R, Sakamoto M. Effect of 
various hand position widths on scapular stabilizing muscles 
during the push-up plus exercise in healthy people. J Phys 
Ther Sci. 2015;27(8):2573-2576.

79. Escamilla RF, Yamashiro K, Paulos L, Andrews JR. 
Shoulder muscle activity and function in common shoulder 
rehabilitation exercises. Sport Med. 2009;39:663-685. 

80. Donkers MJ, An K-N, Chao EYS, Morrey BF. Hand 
position affects elbow joint load during push-up exercise. J 
Biomech. 1993;26(6):625-632. 

81. Chou P-H, Lou S-Z, Chen S-K, Chen H-C, Wu T-H, 
Chou Y-L. Biomechanical analysis of the elbow joint 
loading during push-up. Biomed Eng Appl Basis Commun. 
2008;20(04):197-204. 



13

INTERMEDIATE EXERCISES FOR THE SCAPULA
PRACTITIONER NOTES

evidenceforexercise.org

82. Van der Wall H, McLaughlin A, Bruce W, Frater CJ, 
Kannangara S, Murray IP. Scintigraphic patterns of injury in 
amateur weight lifters. Clin Nucl Med. 1999;24:915-920. 

83. San Juan JG, Suprak DN, Roach SM, Lyda M. The 
effects of exercise type and elbow angle on vertical ground 
reaction force and muscle activity during a push-up plus 
exercise. BMC Musculoskelet Disord. 2015;16:23. 

84. Decker MJ, Hintermeister R a, Faber KJ, Hawkins 
RJ. Serratus anterior muscle activity during selected 
rehabilitation exercises. Am J Sports Med. 1999;27(6):784-
791. 

85. Bhatia DN, de Beer JF, van Rooyen KS, Lam F, du Toit 
DF. The “bench-presser’s shoulder”: an overuse insertional 
tendinopathy of the pectoralis minor muscle. Br J Sports 
Med. 2007;41:e11. 

86. Cogley RM, Archambault TA, Fibeger JF, Koverman MM, 
Youdas JW, Hollman JH. Comparison of muscle activation 
using various hand positions during the push-up exercise. J 
Strength Cond Res. 2005;19(3):628-633. 

87. Gouvali MK, Boudolos K. Dynamic and 
electromyographical analysis in variants of push-up exercise. 
J Strength Cond Res. 2005;19(1):146-151. 

88. Chou PH, Lin CJ, Chou YL, Lou SZ, Su FC, Huang 
GF. Elbow load with various forearm positions during one-
handed pushup exercise. Int J Sports Med. 2002;23(6):457-
462. 

89. Lou SZ, Lin CJ, Chou PH, Chou YL, Su FC. Elbow load 
during pushup at various forearm rotations. Clin Biomech. 
2001;16(5):408-414. 

90. Chou PP, Hsu H, Chen S, Yang S-K, Kuo C, Chou Y. 
Effect of Push-up Speed on Elbow Joint Loading. J Med Biol 
Eng. 2010;31(3):161-168. 

91. Suprak DN, Bohannon J, Morales G, Stroschein J, 
Juan JGS. Scapular kinematics and shoulder elevation in a 
traditional push-up. J Athl Train. 2013;48(6):826-835. 

92. Howarth SJ, Beach T a C, Callaghan JP. Abdominal 
muscles dominate contributions to vertebral joint stiffness 
during the push-up. J Appl Biomech. 2008;24(2):130-139.

93. Martins J, Tucci HT, Andrade R, Araújo RC, Bevilaqua-
Grossi D, Oliveira AS. Electromyographic amplitude ratio 
of serratus anterior and upper trapezius muscles during 
modified push-ups and bench press exercises. J Strength 
Cond Res. 2008;22(2):477-484.

94. Dillman C, Murray T, Hintermeister R. Biomechanical 
Differences of Open and Closed Chain Exercises With 
Respect to the Shoulder. J Sport Rehabil. 1994;3:228-238.

95. Apreleva M, Parsons IM, Warner JJ, Fu FH, Woo 
SL-Y. Experimental investigation of reaction forces at the 
glenohumeral joint during active abduction. J Shoulder Elb 
Surg. 2000;9(5):409-417. 

96. Van Der Helm FCT. Analysis of the kinematic and 
dynamic behavior of the shoulder mechanism. J Biomech. 
1994;27(5):527-550. 

97. Youdas JW, Budach BD, Ellerbusch J V, Stucky 
CM, Wait KR, Hollman JH. Comparison of muscle-
activation patterns during the conventional push-up and 
perfect· pushupTM exercises. J Strength Cond Res. 
2010;24(12):3352-3362. 

98. Freeman S, Karpowicz A, Gray J, McGill S. Quantifying 
muscle patterns and spine load during various forms of the 
push-up. Med Sci Sports Exerc. 2006;38:570-577. 

99. Tucker WS, Bruenger AJ, Doster CM, Hoffmeyer DR. 
Scapular muscle activity in overhead and nonoverhead 
athletes during closed chain exercises. Clin J Sport Med. 
2011;21(5):405-410.

100. Tucker WS, Campbell BM, Swartz EE, Armstrong CW. 
Electromyography of 3 scapular muscles: A comparative 
analysis of the cuff link device and a standard push-up. J 
Athl Train. 2008;43(5):464-469. 

101. Yamauchi T, Hasegawa S, Matsumura A, Nakamura 
M, Ibuki S, Ichihashi N. The effect of trunk rotation 
during shoulder exercises on the activity of the scapular 
muscle and scapular kinematics. J Shoulder Elbow Surg. 
2015;24(6):955-964. 

102. Schachter AK, McHugh MP, Tyler TF, et al. 
Electromyographic activity of selected scapular stabilizers 
during glenohumeral internal and external rotation 
contractions. J Shoulder Elb Surg. 2010;19(6):884-890. 

103. Gowan ID, Jobe FW, Tibone JE, Perry J, Moynes DR. 
A comparative electromyographic analysis of the shoulder 
during pitching. Professional versus amateur pitchers. Am J 
Sports Med. 1987;15(6):586-590. 

104. Oliver G, Stone A, Weimar W, Lemak L, Washington 
J, Dougherty C. Upper Extremity Muscle Activation during 
Bodyblade Exercises Following Six Weeks of Intervention 
Focusing on the Lumbopelvic-Hip Complex. Sports. 
2015;3(3):188-201. 

105. Cools AM, Dewitte V, Lanszweert F, et al. Rehabilitation 
of scapular muscle balance: which exercises to prescribe? 
Am J Sports Med. 2007;35(10):1744-1751. 

106. Witt D, Talbott N, Kotowski S. Electromyographic 
activity of scapular muscles during diagonal patterns using 
elastic resistance and free weights. Int J Sports Phys Ther. 
2011;6(4):322-332. 

107. Kleim J a, Hogg TM, VandenBerg PM, Cooper NR, 
Bruneau R, Remple M. Cortical synaptogenesis and motor 
map reorganization occur during late, but not early, phase of 
motor skill learning. J Neurosci. 2004;24(3):628-633. 

108. Cohen LG, Brasil-Neto JP, Pascual-Leone  a, Hallett 
M. Plasticity of cortical motor output organization following 
deafferentation, cerebral lesions, and skill acquisition. Adv 
Neurol. 1993;63:187-200. 

109. Pearce AJ, Thickbroom GW, Byrnes ML, Mastaglia 
FL. Functional reorganisation of the corticomotor projection 
to the hand in skilled racquet players. Exp Brain Res. 
2000;130(2):238-243. 



14

INTERMEDIATE EXERCISES FOR THE SCAPULA
PRACTITIONER NOTES

evidenceforexercise.org

110. Nudo RJ, Milliken GW, Jenkins WM, Merzenich MM. 
Use - Dependent Alterations of Movement Representations 
in Primary Motor Cortex of Adult Squirrel Monkeys. J 
Neurosci. 1996;16(2):785-807. 

111. Kleim JA, Barbay S, Nudo RJ. Functional 
reorganization of the rat motor cortex following motor skill 
learning. J Neurophysiol. 1998;80(6):3321-3325. 

112. Remple MS, Bruneau RM, VandenBerg PM, Goertzen 
C, Kleim JA. Sensitivity of cortical movement representations 
to motor experience: evidence that skill learning but not 
strength training induces cortical reorganization. Behav Brain 
Res. 2001;123(2):133-141.

113. Conner JM, Culberson A, Packowski C, Chiba AA, 
Tuszynski MH. Lesions of the basal forebrain cholinergic 
system impair task acquisition and abolish cortical 
plasticity associated with motor skill learning. Neuron. 
2003;38(5):819-829. 

114. Author II, Nudo RJ, Wise BM, Sifuentes F, Milliken GW. 
Neural Substrates for the Effects of Rehabilitative Training on 
Motor Recovery After. Source Sci. 1996;272(21):1791-1794. 

115. Kleim JA, Cooper NR, VandenBerg PM. Exercise 
induces angiogenesis but does not alter movement 
representations within rat motor cortex. Brain Res. 
2002;934(1):1-6.

116. Plautz EJ, Milliken GW, Nudo RJ. Effects of repetitive 
motor training on movement representations in adult squirrel 
monkeys: role of use versus learning. Neurobiol Learn Mem. 
2000;74:27-55.

117. Kurokawa D, Sano H, Nagamoto H, et al. Muscle 
activity pattern of the shoulder external rotators differs 
in adduction and abduction: an analysis using positron 
emission tomography. J Shoulder Elb Surg. 2014;23(5):658-
664.

118. Walch G, Boulahia A, Calderone S, Robinson AH. The 
“dropping” and “hornblower’s” signs in evaluation of rotator-
cuff tears. J Bone Joint Surg Br. 1998;80(4):624-628. 

119. Cayton SJ, Parr GP, Bay RC, Valovich McLeod TC, 
Huxel Bliven KC. Scapular Muscle Activation in Individuals 
With Shoulder Pathology During Early Phase Scapular 
Stabilization Exercises. Athl Train Sport Heal Care. 
2015;7(4):151-159. 

120. Barreto RPG, Robinson CC, Rocha CS dos S, et al. 
Lower trapezius and serratus anterior activation: which 
exercise to use for scapular neuromuscular reeducation? 
ConScientiae Saúde. 2012;11(4):660-667.

121. Marchetti PH, Uchida MC. Effects of the pullover 
exercise on the pectoralis major and latissimus dorsi 
muscles as evaluated by EMG. J Appl Biomech. 
2011;27(4):380-384. 

122. Campos YDAC, Da Silva SF. Comparison of 
electromyographic activity during the bench press 
and barbell pullover exercises. Motriz Rev Educ Fis. 
2014;20(2):200-205. 

123. Hermassi S, Chelly MS, Tabka Z, Shephard RJ, 
Chamari K. Effects of 8-week in-season upper and lower 
limb heavy resistance training on the peak power, throwing 
velocity, and sprint performance of elite male handball 
players. J strength Cond Res. 2011;25(9):2424-2433. 

124. Uribe BP, Coburn JW, Brown LE, Judelson DA, 
Khamoui A V., Nguyen D. Muscle activation when performing 
the chest press and shoulder press on a stable bench vs. a 
swiss ball. J Strength Cond Res. 2010;24(4):1028-1033. 

125. Ha S min, Kwon O yun, Yi C hwi, Cynn H seock, Weon 
J hyuck, Kim T ho. Effects of scapular upward rotation 
exercises on alignment of scapula and clavicle and strength 
of scapular upward rotators in subjects with scapular 
downward rotation syndrome. J Electromyogr Kinesiol. 
2016;26:130-136. 

126. Salles JI, Velasques B, Cossich V, et al. Strength 
training and shoulder proprioception. J Athl Train. 
2015;50(3):277-280. 

127. Vogt L, Zech A, Pfeifer K, Ha F, Hu M. Neuromuscular 
Training for Sports Injury. Med Sci Sports Exerc. 
2010;42(3):413-421.

128. Janwantanakul P, Magarey ME, Jones MA, Dansie 
BR. Variation in shoulder position sense at mid and extreme 
range of motion. Arch Phys Med Rehabil. 2001;82(6):840-
844.

129. Myers JB, Lephart SM. The Role of the Sensorimotor 
System in the Athletic Shoulder. J Athl Train. 2000;35(3):351-
363.

130. Oldfield RC. The assessment and analysis of 
handedness: The Edinburgh inventory. Neuropsychologia. 
1971;9(1):97-113. 

131. Hübscher M, Zech A, Pfeifer K, Hänsel F, Vogt 
L, Banzer W. Neuromuscular training for sports injury 
prevention: A systematic review. Med Sci Sports Exerc. 
2010;42(3):413-421. 

132. Wickham JB, Brown JMM. The function of 
neuromuscular compartments in human shoulder muscles. J 
Neurophysiol. 2012;107(1):336-345.

133. Herrington L, Horsley I, Rolf C. Evaluation of shoulder 
joint position sense in both asymptomatic and rehabilitated 
professional rugby players and matched controls. Phys Ther 
Sport. 2010;11(1):18-22. 

134. Kaminski TW, Hartsell HD. Factors contributing to 
chronic ankle instability: A strength perspective. J Athl Train. 
2002;37(4):394-405.

135. Hung Y -j., Darling WG. Shoulder Position Sense 
During Passive Matching and Active Positioning Tasks in 
Individuals With Anterior Shoulder Instability. Phys Ther. 
2012;92(4):563-573. 

136. Swanik KA, Lephart SM, Swanik CB, Lephart SP, 
Stone DA, Fu FH. The effects of shoulder plyometric training 
on proprioception and selected muscle performance 
characteristics. J Shoulder Elb Surg. 2002;11(6):579-586. 



15

INTERMEDIATE EXERCISES FOR THE SCAPULA
PRACTITIONER NOTES

evidenceforexercise.org

137. Lee JH, Cynn HS, Choi WJ, Jeong HJ, Yoon TL. 
Various shrug exercises can change scapular kinematics and 
scapular rotator muscle activities in subjects with scapular 
downward rotation syndrome. Hum Mov Sci. 2016;45:119-
129. 

138. Seitz AL, McClure PW, Lynch SS, Ketchum JM, 
Michener LA. Effects of scapular dyskinesis and scapular 
assistance test on subacromial space during static arm 
elevation. J Shoulder Elb Surg. 2012;21(5):631-640. 

139. Kibler W Ben, McMullen J. Scapular dyskinesis and 
its relation to shoulder pain. J Am Acad Orthop Surg. 
11(2):142-151. 

140. Tate AR, McClure PW, Kareha S, Irwin D. Effect of 
the Scapula Reposition Test on shoulder impingement 
symptoms and elevation strength in overhead athletes. J 
Orthop Sports Phys Ther. 2008;38(1):4-11. 



16

INTERMEDIATE EXERCISES FOR THE SHOULDER (ELASTIC BAND)
PRACTITIONER NOTES

evidenceforexercise.org

REFERENCES
1. Bae YH, Lee GC, Shin WS, Kim TH, Lee SM. Effect 
of Motor Control and Strengthening Exercises on Pain, 
Function, Strength and the Range of Motion of Patients 
with Shoulder Impingement Syndrome. J Phys Ther Sci. 
2011;23:687-692. 

2. Haahr JP, Østergaard S, Dalsgaard J, et al. Exercises 
versus Arthroscopic Decompression in Patients with 
Subacromial Impingement: A Randomised, Controlled Study 
in 90 Cases with a One Year Follow Up. Ann Rheum Dis. 
2005.64(5):760-4

3. Glousman R, Jobe F, Tibone J, Moynes D, Antonelli D, 
Perry J. Dynamic electromyographic analysis of the throwing 
shoulder with glenohumeral instability. J Bone Joint Surg 
Am. 1988;70:220-226.

4. Jobe FW, Moynes DR, Antonelli DJ. Rotator cuff function 
during a golf swing. Am J Sports Med. 14(5):388-392. 

5. Jobe FW, Perry J, Pink M. Electromyographic shoulder 
activity in men and women professional golfers. Am J Sports 
Med. 17(6):782-787. 

6. Pink M, Perry J, Browne A, Scovazzo ML, Kerrigan J. The 
Normal Shoulder During Freestyle Swimming. Am J Sports 
Med. 1991;19:569-576.

7. Silbernagel KG, Thomeé R, Eriksson BI, Karlsson J. 
Continued sports activity, using a pain-monitoring model, 
during rehabilitation in patients with Achilles tendinopathy: 
a randomized controlled study. Am J Sports Med. 
2007;35(6):897-906. 

8. Kisner C, Colby LA. Therapeutic Exercise: Foundations 
and Techniques. 3rd ed. Philadelphia,: Pa: F. A. Davis CO; 
1996.

9. Hughes CJ, Hurd K, Jones A, Sprigle S. Resistance 
properties of Thera-Band tubing during shoulder abduction 
exercise. J Orthop Sport Phys Ther. 1999;29(7):413-420. 

10. Kulig K, Andrews JG, Hay JG. Human Strength Curves. 
Exerc Sport Sci Rev. 1984;12(1):417-466. 

11. Lehman GJ, Buchan DD, Lundy A, Myers N, Nalborczyk 
A. Variations in muscle activation levels during traditional 
latissimus dorsi weight training exercises: An experimental 
study. Dyn Med. 2004;3:4. 

12. Escamilla RF, Yamashiro K, Paulos L, Andrews JR. 
Shoulder muscle activity and function in common shoulder 
rehabilitation exercises. Sport Med. 2009;39:663-685. 

13. Myers JB, Pasquale MR, Laudner KG, Sell TC, Bradley 
JP, Lephart SM. On-the-field resistance-tubing exercises 
for throwers: An electromyographic analysis. J Athl Train. 
2005;40(1):15-22. 

14. Handa T, Kato H, Hasegawa S, Okada J, Kato K. 
Comparative electromyographical investigation of the 
biceps brachii, latissimus dorsi, and trapezius muscles 
during five pull exercises. Japanese J Phys Fit Sport Med. 
2005;54(2):159-168. 

15. Yoo W. Changes in Pressure Pain Threshold of the 
Upper Trapezius, Levator Scapular and Rhomboid Muscles 
during Continuous Computer Work. J Phys Ther Sci. 
2013;25(8):1021-1022. 

16. Bartholomew JB, Lewis BP, Linder DE, Cook DB. Post-
exercise analgesia: replication and extension. J Sports Sci. 
1996;14(4):329-334. 

17. Lee HS. The effects of aerobic exercise and 
strengthening exercise on pain pressure thresholds. J Phys 
Ther Sci. 2014;26(7):1107-1111. 

18. Cools AM, Dewitte V, Lanszweert F, et al. Rehabilitation 
of scapular muscle balance: which exercises to prescribe? 
Am J Sports Med. 2007;35:1744-1751. 

19. Walther M, Werner A, Stahlschmidt T, Woelfel R, Gohlke 
F. The subacromial impingement syndrome of the shoulder 
treated by conventional physiotherapy, self-training, and a 
shoulder brace: Results of a prospective, randomized study. 
J Shoulder Elb Surg. 2004;13(4):417-423. 

20. Werner A, Walther M, Ilg A, Stahlschmidt T, Gohlke 
F. [Self-training versus conventional physiotherapy in 
subacromial impingement syndrome]. Z Orthop Ihre 
Grenzgeb. 2002;140(4):375-380. 

21. Wattanaprakornkul D, Cathers I, Halaki M, Ginn K a. The 
rotator cuff muscles have a direction specific recruitment 
pattern during shoulder flexion and extension exercises. J 
Sci Med Sport. 2011;14(5):376-382. 

22. Park SY, Yoo WG. Selective activation of the latissimus 
dorsi and the inferior fibers of trapezius at various shoulder 
angles during isometric pull-down exertion. J Electromyogr 
Kinesiol. 2013;23(6):1530-1355. 

23. Tomiak T, Gorkovenko A V, Tal’nov AN, et al. The 
Averaged EMGs Recorded from the Arm Muscles During 
Bimanual “Rowing” Movements. Front Physiol. 2015;6:349. 

24. De Luca CJ, Contessa P. Hierarchical control of 
motor units in voluntary contractions. J Neurophysiol. 
2012;107(1):178-195. 

25. Rainoldi A, Melchiorri G, Caruso I. A method for 
positioning electrodes during surface EMG recordings in 
lower limb muscles. J Neurosci Methods. 2004;134(1):37-
43. 

26. Decker MJ, Tokish JM, Ellis HB, Torry MR, Hawkins RJ. 
Subscapularis muscle activity during selected rehabilitation 
exercises. Am J Sports Med. 31(1):126-134. 

27. Decker MJ, Hintermeister R a, Faber KJ, Hawkins 
RJ. Serratus anterior muscle activity during selected 
rehabilitation exercises. Am J Sports Med. 1999;27:784-
791. 

28. Voight ML, Thomson BC. The Role of the Scapula in the 
Rehabilitation of Shoulder Injuries. J Athl Train. 2000;35:364-
372. 

29. Peat M. Functional anatomy of the shoulder complex. 
Phys Ther. 1986;66(12):1855-1865. 



17

INTERMEDIATE EXERCISES FOR THE SHOULDER (ELASTIC BAND)
PRACTITIONER NOTES

evidenceforexercise.org

30. Kamkar A, Irrgang JJ, Whitney SL. Nonoperative 
management of secondary shoulder impingement 
syndrome. J Orthop Sports Phys Ther. 1993;17:212-224. 

31. DiVeta J, Walker ML, Skibinski B. Relationship between 
performance of selected scapular muscles and scapular 
abduction in standing subjects. Phys Ther. 1990;70:470-
476; discussion 476-479.

32. Bak K, Faunø P. Clinical findings in competitive 
swimmers with shoulder pain. Am J Sports Med. 25(2):254-
260. 

33. Decker MJ, Hintermeister R a, Faber KJ, Hawkins 
RJ. Serratus anterior muscle activity during selected 
rehabilitation exercises. Am J Sports Med. 1999;27(6):784-
791. 

34. Schoenfeld BJ, Pope ZK, Benik FM, et al. Longer 
inter-set rest periods enhance muscle strength and 
hypertrophy in resistance-trained men. J Strength Cond Res. 
2016;30(7):1805-12

35. Henselmans M, Schoenfeld BJ. The Effect of Inter-Set 
Rest Intervals on Resistance Exercise-Induced Muscle 
Hypertrophy. Sport Med. 2014;44(12):1635-1643. 

36. de Souza TP, Fleck SJ, Simão R, et al. Comparison 
between constant and decreasing rest intervals: influence 
on maximal strength and hypertrophy. J Strength Cond Res. 
2010;24(7):1843-1850. 

37. Souza-Junior TP, Willardson JM, Bloomer R, et al. 
Strength and hypertrophy responses to constant and 
decreasing rest intervals in trained men using creatine 
supplementation. J Int Soc Sports Nutr. 2011;8(1):17. 

38. Ebaugh DD, McClure PW, Karduna AR. Three-
dimensional scapulothoracic motion during active and 
passive arm elevation. Clin Biomech. 2005;20(7):700-709. 

39. Reinold MM, Escamilla RF, Wilk KE. Current concepts 
in the scientific and clinical rationale behind exercises for 
glenohumeral and scapulothoracic musculature. J Orthop 
Sports Phys Ther. 2009;39:105-117.

40. Ishigaki T, Ishida T, Samukawa M, et al. Comparing 
trapezius muscle activity in the different planes of shoulder 
elevation. J Phys Ther Sci. 2015;27(5):1495-1497. 

41. Cools AM, Witvrouw EE, Declercq G a, Danneels L 
a, Cambier DC. Scapular muscle recruitment patterns: 
trapezius muscle latency with and without impingement 
symptoms. Am J Sports Med. 2003;31(4):542-549. 

42. Park S-I, Choi Y-K, Lee J-H, Kim Y-M. Effects of 
shoulder stabilization exercise on pain and functional 
recovery of shoulder impingement syndrome patients. J 
Phys Ther Sci. 2013;25(11):1359-1362. 

43. De Mey K, Danneels L, Cagnie B, Cools AM. Scapular 
Muscle Rehabilitation Exercises in Overhead Athletes 
With Impingement Symptoms: Effect of a 6-Week Training 
Program on Muscle Recruitment and Functional Outcome. 
Am J Sports Med. 2012;40:1906-1915. 

44. Ekstrom RA, Donatelli RA, Soderberg GL. Surface 
Electromyographic Analysis of Exercises for the Trapezius 
and Serratus Anterior Muscles.2003. J Orthop Sports Phys 
Ther. 33(5):247-58 

45. Ballantyne BT, O’Hare SJ, Paschall JL, et al. 
Electromyographic activity of selected shoulder muscles 
in commonly used therapeutic exercises. Phys Ther. 
1993;73(10):668-677; discussion 677-682.

46. Reinold MM, Macrina LC, Wilk KE, et al. 
Electromyographic analysis of the supraspinatus and deltoid 
muscles during 3 common rehabilitation exercises. J Athl 
Train. 42(4):464-469. 

47. Worrell TW, Corey BJ, York SL, Santiestaban J. An 
analysis of supraspinatus EMG activity and shoulder 
isometric force development. Med Sci Sports Exerc. 
1992;24:744-748.

48. Malmström E-M, Olsson J, Baldetorp J, Fransson P-A. A 
slouched body posture decreases arm mobility and changes 
muscle recruitment in the neck and shoulder region. Eur J 
Appl Physiol. 2015;115(12):2491-2503. 

49. Kebaetse M, McClure P, Pratt N a. Thoracic position 
effect on shoulder range of motion strength, and three-
dimensional scapular kinematics. Arch Phys Med Rehabil. 
1999;80(8):945-950.

50. Magnusson SP, Gleim GW, Nicholas JA. Shoulder 
weakness in professional baseball pitchers. Med Sci Sports 
Exerc. 1994;26(1):5-9.

51. Moseley JB, Jobe FW, Pink M, Perry J, Tibone J. 
EMG analysis of the scapular muscles during a shoulder 
rehabilitation program. Am J Sports Med. 20(2):128-134. 

52. Andersen LL, Andersen CH, Sundstrup E, Jakobsen 
MD, Mortensen OS, Zebis MK. Central adaptation of pain 
perception in response to rehabilitation of musculoskeletal 
pain: randomized controlled trial. Pain Physician. 
2012;15(5):385-394. 



18

INTERMEDIATE EXERCISES FOR THE SHOULDER (PRONE WEIGHTS)
PRACTITIONER NOTES

evidenceforexercise.org

REFERENCES
1. Roy JS, Moffet H, Hébert LJ, Lirette R. Effect of motor 
control and strengthening exercises on shoulder function in 
persons with impingement syndrome: A single-subject study 
design. Man Ther. 2009;14:180-188. 

2. Bae YH, Lee GC, Shin WS, Kim TH, Lee SM. Effect 
of Motor Control and Strengthening Exercises on Pain, 
Function, Strength and the Range of Motion of Patients 
with Shoulder Impingement Syndrome. J Phys Ther Sci. 
2011;23:687-692. 

3. Worsley P, Warner M, Mottram S, et al. Motor control 
retraining exercises for shoulder impingement: Effects on 
function, muscle activation, and biomechanics in young 
adults. J Shoulder Elb Surg. 2013;22. 

4. Holmgren T, Bjornsson Hallgren H, Oberg B, Adolfsson L, 
Johansson K. Effect of specific exercise strategy on need for 
surgery in patients with subacromial impingement syndrome: 
randomised controlled study. BMJ. 2012;344:e787-e787. 

5. Haahr JP, Østergaard S, Dalsgaard J, et al. Exercises 
versus Arthroscopic Decompression in Patients with 
Subacromial Impingement: A Randomised, Controlled Study 
in 90 Cases with a One Year Follow Up. Ann Rheum Dis 
2005.64(5):760-4 

6. De Mey K, Danneels L, Cagnie B, Cools AM. Scapular 
Muscle Rehabilitation Exercises in Overhead Athletes 
With Impingement Symptoms: Effect of a 6-Week Training 
Program on Muscle Recruitment and Functional Outcome. 
Am J Sports Med. 2012;40:1906-1915. 

7. Roy JS, Moffet H, McFadyen BJ. Upper limb motor 
strategies in persons with and without shoulder impingement 
syndrome across different speeds of movement. Clin 
Biomech. 2008;23:1227-1236. 

8. Alfredson H, Pietilä T, Jonsson P, Lorentzon R. Heavy-load 
eccentric calf muscle training for the treatment of chronic 
Achilles tendinosis. Am J Sports Med. 1998;26(3):360-366. 

9. Jonsson P, Wahlström P, Öhberg L, Alfredson H. 
Eccentric training in chronic painful impingement syndrome 
of the shoulder: Results of a pilot study. Knee Surgery, Sport 
Traumatol Arthrosc. 2006;14(1):76-81. 

10. Martinez‐Silvestrini J, Newcomer K, Gay R, Schaefer M, 
Kortebein P AK. Effectiveness of a home exercise program 
including stretching alone versus stretching supplemented 
with eccentric or concentric strengthening. J Hand Ther. 
2005;18:411-420.

11. Alfredson H. Chronic midportion Achilles tendinopathy: 
An update on research and treatment. Clin Sports Med. 
2003;22(4):727-741. 

12. Uhl TL, Madaleno JA. Rehabilitation concepts and 
supportive devices for overuse injuries of the upper 
extremities. Clin Sports Med. 2001;20(3):621-639. 

13. Muething A, Acocello S, Rupp K, Brockmeier S, Saliba 
S, Hart J. Shoulder Muscle Activation in Individuals With 
Previous Shoulder Injuries. J Sport Rehabil. 2015 Jan 5. 
[Epub ahead of print]. 

14. Silbernagel KG, Thomeé R, Eriksson BI, Karlsson J. 
Continued sports activity, using a pain-monitoring model, 
during rehabilitation in patients with Achilles tendinopathy: 
a randomized controlled study. Am J Sports Med. 
2007;35(6):897-906. 

15. Reinold MM, Escamilla RF, Wilk KE. Current concepts 
in the scientific and clinical rationale behind exercises for 
glenohumeral and scapulothoracic musculature. J Orthop 
Sports Phys Ther. 2009;39:105-117.

16. Escamilla RF, Yamashiro K, Paulos L, Andrews JR. 
Shoulder muscle activity and function in common shoulder 
rehabilitation exercises. Sport Med. 2009;39:663-685. 

17. Reinold MM, Macrina LC, Wilk KE, et al. 
Electromyographic analysis of the supraspinatus and deltoid 
muscles during 3 common rehabilitation exercises. J Athl 
Train. 2007;42:464-469.

18. Alexander CM, Harrison PJ. Reflex connections from 
forearm and hand afferents to shoulder girdle muscles in 
humans. Exp Brain Res. 2003;148:277-282. 

19. Alexander CM. Altered control of the trapezius muscle 
in subjects with non-traumatic shoulder instability. Clin 
Neurophysiol. 2007;118:2664-2671. 

20. Sharkey NA, Marder RA. The rotator cuff opposes 
superior translation of the humeral head. Am J Sports Med. 
23(3):270-275. 

21. Townsend H, Jobe FW, Pink M, Perry J. 
Electromyographic analysis of the glenohumeral muscles 
during a baseball rehabilitation program. Am J Sports Med. 
19(3):264-272. 

22. A. SMM, C. PLP-C, S.M. OJF, I. AC, H. JMC, de 
Moraes AC. Electromyographic analysis of posterior deltoid, 
posterior rotator cuff and trapezius musculature in different 
shoulder exercises. Int Sport J. 2013;14:1-15. 

23. Reinold MM, Wilk KE, Fleisig GS, et al. 
Electromyographic analysis of the rotator cuff and deltoid 
musculature during common shoulder external rotation 
exercises. J Orthop Sports Phys Ther. 2004;34:385-394. 

24. Worrell TW, Corey BJ, York SL, Santiestaban J. An 
analysis of supraspinatus EMG activity and shoulder 
isometric force development. Med Sci Sports Exerc. 
1992;24:744-748.

25. Malanga GA, Jenp YN, Growney ES, An KN. EMG 
analysis of shoulder positioning in testing and strengthening 
the supraspinatus. Med Sci Sports Exerc. 1996;28:661-664. 

26. Cools AM, Dewitte V, Lanszweert F, et al. Rehabilitation 
of scapular muscle balance: which exercises to prescribe? 
Am J Sports Med. 2007;35:1744-1751. 

27. Moseley JB, Jobe FW, Pink M, Perry J, Tibone J. 
EMG analysis of the scapular muscles during a shoulder 
rehabilitation program. Am J Sports Med. 20(2):128-134. 



19

INTERMEDIATE EXERCISES FOR THE SHOULDER (PRONE WEIGHTS)
PRACTITIONER NOTES

evidenceforexercise.org

28. Madhavan S, Shields RK. Influence of age on dynamic 
position sense: Evidence using a sequential movement task. 
Exp Brain Res. 2005;164:18-28. 

29. Sainburg RL, Poizner H, Ghez C. Loss of Proprioception 
Produces Deficits in Interjoint Coordination. Journal of 
neurophysiology 70, 2136-2147 (1993).

30. Cordo PJ, Flores-Vieira C, Verschueren SMP, Inglis 
JT, Gurfinkel V. Position sensitivity of human muscle 
spindles: single afferent and population representations. J 
Neurophysiol. 2002;87:1186-1195. 

31. Suprak DN, Osternig LR, van Donkelaar P, Karduna AR. 
Shoulder joint position sense improves with elevation angle 
in a novel, unconstrained task. J Orthop Res. 2006;24:559-
568. 

32. Suprak DN, Osternig LR, van Donkelaar P, Karduna AR. 
Shoulder joint position sense improves with external load. J 
Mot Behav. 2007;39:517-525.

33. Poppen NK, Walker PS. Forces at the glenohumeral joint 
in abduction. Clin Orthop Relat Res. 1978:165-170. 

34. Berth A, Pap G, Neuman W, Awiszus F. Central 
neuromuscular dysfunction of the deltoid muscle in 
patients with chronic rotator cuff tears. J Orthop Traumatol. 
2009;10:135-141.

35. Rajaratnam BS, Goh JC, Kumar P V. Control strategies 
to re-establish glenohumeral stability after shoulder injury. 
BMC Sports Sci Med Rehabil. 2013;5:26. 



20

INTERMEDIATE EXERCISES FOR THE SHOULDER (STANDING WEIGHTS)
PRACTITIONER NOTES

evidenceforexercise.org

REFERENCES
1. Roy JS, Moffet H, Hébert LJ, Lirette R. Effect of motor 
control and strengthening exercises on shoulder function in 
persons with impingement syndrome: A single-subject study 
design. Man Ther. 2009;14:180-188. 

2. Bae YH, Lee GC, Shin WS, Kim TH, Lee SM. Effect 
of Motor Control and Strengthening Exercises on Pain, 
Function, Strength and the Range of Motion of Patients 
with Shoulder Impingement Syndrome. J Phys Ther Sci. 
2011;23:687-692. 

3. Worsley P, Warner M, Mottram S, et al. Motor control 
retraining exercises for shoulder impingement: Effects on 
function, muscle activation, and biomechanics in young 
adults. J Shoulder Elb Surg. 2013;22.

4. Holmgren T, Bjornsson Hallgren H, Oberg B, Adolfsson L, 
Johansson K. Effect of specific exercise strategy on need for 
surgery in patients with subacromial impingement syndrome: 
randomised controlled study. BMJ. 2012;344:e787-e787. 

5. Haahr JP, Østergaard S, Dalsgaard J, et al. Exercises 
versus Arthroscopic Decompression in Patients with 
Subacromial Impingement: A Randomised, Controlled Study 
in 90 Cases with a One Year Follow Up. Ann Rheum Dis. 
2005 May;64(5):760-4.

6. De Mey K, Danneels L, Cagnie B, Cools AM. Scapular 
Muscle Rehabilitation Exercises in Overhead Athletes 
With Impingement Symptoms: Effect of a 6-Week Training 
Program on Muscle Recruitment and Functional Outcome. 
Am J Sports Med. 2012;40:1906-1915. 

7. Roy JS, Moffet H, McFadyen BJ. Upper limb motor 
strategies in persons with and without shoulder impingement 
syndrome across different speeds of movement. Clin 
Biomech. 2008;23:1227-1236. 

8. Alfredson H, Pietilä T, Jonsson P, Lorentzon R. Heavy-load 
eccentric calf muscle training for the treatment of chronic 
Achilles tendinosis. Am J Sports Med. 1998;26(3):360-366. 

9. Jonsson P, Wahlström P, Öhberg L, Alfredson H. 
Eccentric training in chronic painful impingement syndrome 
of the shoulder: Results of a pilot study. Knee Surgery, Sport 
Traumatol Arthrosc. 2006;14(1):76-81.

10. Martinez‐Silvestrini J, Newcomer K, Gay R, Schaefer M, 
Kortebein P AK. Effectiveness of a home exercise program 
including stretching alone versus stretching supplemented 
with eccentric or concentric strengthening. J Hand Ther. 
2005;18:411-420.

11. Alfredson H. Chronic midportion Achilles tendinopathy: 
An update on research and treatment. Clin Sports Med. 
2003;22(4):727-741. 

12. Uhl TL, Madaleno JA. Rehabilitation concepts and 
supportive devices for overuse injuries of the upper 
extremities. Clin Sports Med. 2001;20(3):621-639. 

13. Muething A, Acocello S, Rupp K, Brockmeier S, Saliba 
S, Hart J. Shoulder Muscle Activation in Individuals With 
Previous Shoulder Injuries. J Sport Rehabil. 2015.

14. Silbernagel KG, Thomeé R, Eriksson BI, Karlsson J. 
Continued sports activity, using a pain-monitoring model, 
during rehabilitation in patients with Achilles tendinopathy: 
a randomized controlled study. Am J Sports Med. 
2007;35(6):897-906.

15. Hughes RE, An KN. Force analysis of rotator cuff 
muscles. Clin Orthop Relat Res. 1996:75-83.

16. Liu J, Hughes RE, Smutz WP, Niebur G, Nan-An 
K. Roles of deltoid and rotator cuff muscles in shoulder 
elevation. Clin Biomech. 1997;12:32-38.

17. Solem-Bertoft E, Thuomas KA, Westerberg CE. The 
influence of scapular retraction and protraction on the width 
of the subacromial space. An MRI study. Clin Orthop Relat 
Res. 1993:99-103. 

18. Kibler W Ben, Sciascia A, Dome D. Evaluation of 
apparent and absolute supraspinatus strength in patients 
with shoulder injury using the scapular retraction test. Am J 
Sports Med. 2006;34:1643-1647. 

19. Moseley JB, Jobe FW, Pink M, Perry J, Tibone J. 
EMG analysis of the scapular muscles during a shoulder 
rehabilitation program. Am J Sports Med. 20(2):128-134. 

20. Saha AK CB. Studies on electromyographic changes of 
muscles acting on the shoulder joint complex. Calcutta Med 
J. 1956;(53):409-413.

21. Bagg SD, Forrest WJ. Electromyographic study of the 
scapular rotators during arm abduction in the scapular 
plane. Am J Phys Med. 1986;65(3):111-124. 

22. Escamilla RF, Yamashiro K, Paulos L, Andrews JR. 
Shoulder muscle activity and function in common shoulder 
rehabilitation exercises. Sport Med. 2009;39:663-685. 

23. Liu J, Hughes RE, Smutz WP, Niebur G, Nan-An 
K. Roles of deltoid and rotator cuff muscles in shoulder 
elevation. Clin Biomech. 1997;12(1):32-38.

24. Otis JC, Jiang CC, Wickiewicz TL, Peterson MG, Warren 
RF, Santner TJ. Changes in the moment arms of the rotator 
cuff and deltoid muscles with abduction and rotation. J Bone 
Joint Surg Am. 1994;76(5):667-676.

25. Ekstrom RA, Donatelli RA, Soderberg GL. Surface 
Electromyographic Analysis of Exercises for the Trapezius 
and Serratus Anterior Muscles. J Orthop Sports Phys Ther. 
2003 May;33(5):247-58.

26. Myers JB, Pasquale MR, Laudner KG, Sell TC, Bradley 
JP, Lephart SM. On-the-field resistance-tubing exercises 
for throwers: An electromyographic analysis. J Athl Train. 
2005;40(1):15-22. 

27. Hintermeister RA, Lange GW, Schultheis JM, Bey 
MJ, Hawkins RJ. Electromyographic activity and applied 
load during shoulder rehabilitation exercises using elastic 
resistance. Am J Sports Med. 26(2):210-220. 



21

INTERMEDIATE EXERCISES FOR THE SHOULDER (STANDING WEIGHTS)
PRACTITIONER NOTES

evidenceforexercise.org

28. Decker MJ, Hintermeister R a, Faber KJ, Hawkins 
RJ. Serratus anterior muscle activity during selected 
rehabilitation exercises. Am J Sports Med. 1999;27(6):784-
791. 

29. McClure PW, Michener LA, Sennett BJ, Karduna AR. 
Direct 3-dimensional measurement of scapular kinematics 
during dynamic movements in vivo. J Shoulder Elb Surg. 
2001;10(3):269-277.

30. Ludewig PM, Cook TM, Nawoczenski DA. Three-
dimensional scapular orientation and muscle activity at 
selected positions of humeral elevation. J Orthop Sports 
Phys Ther. 1996;24(2):57-65.

31. De Wilde L, Plasschaert F, Berghs B, Van Hoecke 
M, Verstraete K, Verdonk R. Quantified measurement 
of subacromial impingement. J Shoulder Elb Surg. 
2003;12(4):346-349. 

32. Roberts CS, Davila JN, Hushek SG, Tillett ED, 
Corrigan TM. Magnetic resonance imaging analysis of the 
subacromial space in the impingement sign positions. J 
Shoulder Elb Surg. 2002;11(6):595-599. 

33. Thigpen CA, Padua DA, Morgan N, Kreps C, Karas 
SG. Scapular kinematics during supraspinatus rehabilitation 
exercise: a comparison of full-can versus empty-can 
techniques. Am J Sports Med. 2006;34:644-652. 

34. Smith J, Dietrich CT, Kotajarvi BR, Kaufman KR. 
The effect of scapular protraction on isometric shoulder 
rotation strength in normal subjects. J Shoulder Elb Surg. 
2006;15:339-343.

35. Akima H, Takahashi H, Kuno SY, et al. Early Phase 
Adaptations of Muscle Use and Strength to Isokinetic 
Training. Med Sci Sports Exerc. 1999 31(4):588-94.  

36. Jones DA, Rutherford OM. Human muscle strength 
training: the effects of three different regimens and the nature 
of the resultant changes. J Physiol. 1987;391:1-11.

37. Komi P V. Training of muscle strength and power: 
interaction of neuromotoric, hypertrophic, and mechanical 
factors. Int J Sports Med. 1986;7 Suppl 1:10-15.

38. Chen XY, Chen L, Wolpaw JR. Time course of H-reflex 
conditioning in the rat. Neurosci Lett. 2001;302:85-88. 

39. Adkins DL, Boychuk J, Remple MS, Kleim JA. Motor 
training induces experience-specific patterns of plasticity 
across motor cortex and spinal cord. J Appl Physiol. 
2006;101:1776-1782. 

40. Chapman D, Newton M, Sacco P, Nosaka K. Greater 
muscle damage induced by fast versus slow velocity 
eccentric exercise. Int J Sports Med. 2006;27:591-598. 

41. Lastayo PC, Reich TE, Urquhart M, Hoppeler H, 
Lindstedt SL. Chronic Eccentric Exercise: Improvements in 
Muscle Strength Can Occur with Little Demand for Oxygen.
Am J Physiol. 1999 276(2 Pt 2):R611-5.

42. Kaminski TW, Wabbersen C V., Murphy RM. Concentric 
versus enhanced eccentric hamstring strength training: 
Clinical implications. J Athl Train. 1998;33:216-221.

43. Fitzgerald GK, Rothstein JM, Mayhew TP, 
Lamb RL. Exercise-Induced Muscle Soreness after 
Concentric and Eccentric Isokinetic Contractions. Phys 
Ther. 1991, 71(7):505-13.

44. Colliander EB, Tesch PA. Effects of eccentric and 
concentric muscle actions in resistance training. Acta 
Physiol Scand. 1990;140:31-39. 

45. Purkayastha S, Cramer JT, Trowbridge CA, Fincher 
AL, Marek SM. Surface electromyographic amplitude-
to-work ratios during isokinetic and isotonic muscle 
actions. J Athl Train. 2006;41:314-320.

46. Gleeson N, Eston R, Marginson V, McHugh 
M. Effects of prior concentric training on eccentric 
exercise induced muscle damage. Br J Sports Med. 
2003;37:119-125; discussion 125. 

47. Parr JJ, Yarrow JF, Garbo CM, Borsa PA. 
Symptomatic and functional responses to concentric-
eccentric isokinetic versus eccentric-only isotonic 
exercise. J Athl Train. 2009;44:462-468. 

48. Clarkson PM, Hubal MJ. Exercise-induced 
muscle damage in humans. Am J Phys Med Rehabil. 
2002;81:S52-S69. 

49. Bernhardsson S, Klintberg IH, Wendt GK. 
Evaluation of an exercise concept focusing on 
eccentric strength training of the rotator cuff for 
patients with subacromial impingement syndrome. Clin 
Rehabil. 2011;25:69-78. 

50. Barroso R, Roschel H, Ugrinowitsch C, Araújo 
R, Nosaka K, Tricoli V. Effect of eccentric contraction 
velocity on muscle damage in repeated bouts of 
elbow flexor exercise. Appl Physiol Nutr Metab. 
2010;35(4):534-540. 

51. Stasinopoulos D, Stasinopoulos I, Pantelis M, 
Stasinopoulou K. Comparison of effects of a home 
exercise programme and a supervised exercise 
programme for the management of lateral elbow 
tendinopathy. Br J Sports Med. 2010;44(8):579-583. 

52. Sayers SP, Clarkson PM, Rouzier PA, Kamen G. 
Adverse events associated with eccentric exercise 
protocols: six case studies. Med Sci Sport Exerc. 
1999;31(12):1697-1702.

53. Jonsson P, Wahlström P, Öhberg L, Alfredson 
H. Eccentric training in chronic painful impingement 
syndrome of the shoulder: Results of a pilot study. 
Knee Surgery, Sport Traumatol Arthrosc. 2006;14:76-
81. 

54. Fukuda H. The management of partial-thickness 
tears of the rotator cuff. J Bone Joint Surg Br. 
2003;85(1):3-11.

55. Maffulli N, Longo UG, Denaro V. Novel approaches 
for the management of tendinopathy. J Bone Joint 
Surg Am. 2010;92:2604-2613.

56. Nirschl RP, Ashman ES. Elbow tendinopathy: tennis 
elbow. Clin Sports Med. 2003;22(4):813-836. 



22

INTERMEDIATE EXERCISES FOR THE SHOULDER (STANDING WEIGHTS)
PRACTITIONER NOTES

evidenceforexercise.org

57. Rees JD, Wolman RL, Wilson A. Eccentric exercises; 
why do they work, what are the problems and how can we 
improve them? Br J Sports Med. 2009;43:242-246. 

58. Ohberg L, Lorentzon R, Alfredson H. Good Clinical 
Results but Persisting Side-to-Side Differences in Calf 
Muscle Strength after Surgical Treatment of Chronic Achilles 
Tendinosis: A 5-Year Follow-Up. Scand J Med Sci Sports. 
2001;11(4):207-12. 2001. 

59. Ulkar B, Kunduracioglu B, Cetin C, Güner RS. Effect 
of positioning and bracing on passive position sense of 
shoulder joint. Br J Sports Med. 2004;38:549-552. 

60. Jerosch J, Hoffstetter I, Bork H, Bischof M. The influence 
of orthoses on the proprioception of the ankle joint. Knee 
Surgery, Sport Traumatol Arthrosc. 1995;3:39-46. 

61. Reinold MM, Wilk KE, Macrina LC, Dugas JR, Andrews 
JR. Rehabilitation after Thermal-Assisted Capsular Shrinkage 
of the Glenohumeral Joint. In: Postsurgical Orthopedic 
Sports Rehabilitation.; 2006:583-606. 

62. Kelly BT, Kadrmas WR, Speer KP. The manual muscle 
examination for rotator cuff strength. An electromyographic 
investigation. Am J Sports Med. 24(5):581-588.

63. Sharkey NA, Marder RA. The rotator cuff opposes 
superior translation of the humeral head. Am J Sports Med. 
23(3):270-275. 

64. Kurtzer IL. Long-latency reflexes account for limb 
biomechanics through several supraspinal pathways. Front 
Integr Neurosci. 2014;8:99. 

65. Reinold MM, Wilk KE, Fleisig GS, et al. 
Electromyographic analysis of the rotator cuff and deltoid 
musculature during common shoulder external rotation 
exercises. J Orthop Sports Phys Ther. 2004;34:385-394. 

66. Kronberg M, Németh G, Broström LA. Muscle 
activity and coordination in the normal shoulder. An 
electromyographic study. Clin Orthop Relat Res. 1990:76-
85. 

67. Joshi M, Thigpen CA, Bunn K, Karas SG, Padua DA. 
Shoulder external rotation fatigue and scapular muscle 
activation and kinematics in overhead athletes. J Athl Train. 
2011;46(4):349-357.

68. Ebaugh DD, McClure PW, Karduna AR. Scapulothoracic 
and glenohumeral kinematics following an external 
rotation fatigue protocol. J Orthop Sports Phys Ther. 
2006;36(8):557-571. 

69. Hagbarth KE, Hägglund J V, Wallin EU, Young RR. 
Grouped spindle and electromyographic responses to 
abrupt wrist extension movements in man. J Physiol. 
1981;312:81-96.

70. Schuurmans J, De Vlugt E, Schouten AC, Meskers 
CGM, De Groot JH, Van Der Helm FCT. The monosynaptic 
Ia afferent pathway can largely explain the stretch duration 
effect of the long latency M2 response. Exp Brain Res. 
2009;193(4):491-500. 

71. Cheney PD, Fetz EE. Corticomotoneuronal cells 
contribute to long-latency stretch reflexes in the rhesus 
monkey. J Physiol. 1984;349:249-272.

72. Evarts E V, Tanji J. Reflex and intended responses 
in motor cortex pyramidal tract neurons of monkey. J 
Neurophysiol. 1976;39(5):1069-1080.

73. Suminski AJ, Rao SM, Mosier KM, Scheidt RA. Neural 
and electromyographic correlates of wrist posture control. J 
Neurophysiol. 2007;97(2):1527-1545. 

74. Herter TM, Korbel T, Scott SH. Comparison of 
neural responses in primary motor cortex to transient 
and continuous loads during posture. J Neurophysiol. 
2009;101(1):150-163. 

75. Day A, Taylor NF, Green RA. The stabilizing role of 
the rotator cuff at the shoulder - Responses to external 
perturbations. Clin Biomech. 2012;27(6):551-556. 

76. Bastian AJ. Cerebellar limb ataxia: Abnormal control of 
self-generated and external forces. In: Annals of the New 
York Academy of Sciences. Vol 978.; 2002:16-27. 

77. Ebner TJ, Hewitt AL, Popa LS. What features of limb 
movements are encoded in the discharge of cerebellar 
neurons? Cerebellum. 2011;10(4):683-693. 

78. Kurtzer I, Trautman P, Rasquinha RJ, Bhanpuri NH, Scott 
SH, Bastian AJ. Cerebellar damage diminishes long-latency 
responses to multijoint perturbations. J Neurophysiol. 
2013;109(8):2228-2241. 

79. Rutten BPF, Schmitz C, Gerlach OHH, et al. The aging 
brain: Accumulation of DNA damage or neuron loss? 
Neurobiol Aging. 2007;28(1):91-98. 

80. Andersen BB, Gundersen HJG, Pakkenberg B. Aging 
of the human cerebellum: a stereological study. J Comp 
Neurol. 2003;466(3):356-365. 

81. Huang C ming, Miyamoto H, Huang RH. The mouse 
cerebellum from 1 to 34 months: Parallel fibers. Neurobiol 
Aging. 2006;27(11):1715-1718. 

82. Larsen JO, Skalicky M, Viidik A. Does long-term 
physical exercise counteract age-related Purkinje cell loss? 
A stereological study of rat cerebellum. J Comp Neurol. 
2000;428(2):213-222. 

83. Cui L, Hofer T, Rani A, Leeuwenburgh C, Foster TC. 
Comparison of lifelong and late life exercise on oxidative 
stress in the cerebellum. Neurobiol Aging. 2009;30(6):903-
909. 

84. A. SMM, C. PLP-C, S.M. OJF, I. AC, H. JMC, de 
Moraes AC. Electromyographic analysis of posterior deltoid, 
posterior rotator cuff and trapezius musculature in different 
shoulder exercises. Int Sport J. 2013;14:1-15. 



23

INTERMEDIATE EXERCISES FOR THE SHOULDER (OVERHEAD ACTIVITIES)
PRACTITIONER NOTES

evidenceforexercise.org

REFERENCES
1. Myers JB, Pasquale MR, Laudner KG, Sell TC, Bradley 
JP, Lephart SM. On-the-field resistance-tubing exercises 
for throwers: An electromyographic analysis. J Athl Train. 
2005;40(1):15-22. 

2. McCann PD, Wootten ME, Kadaba MP, Bigliani 
LU. A kinematic and electromyographic study of 
shoulder rehabilitation exercises. Clin Orthop Relat Res. 
1993;(288):179-188. 

3. Putnam CA. Sequential motions of body segments in 
striking and throwing skills: Descriptions and explanations. 
In: Journal of Biomechanics. Vol 26.supp11993:125-135. 

4. Fleisig G, Nicholls R, Elliott B, Escamilla R. Kinematics 
used by world class tennis players to produce high-velocity 
serves. Sports Biomech. 2003;2(1):51-64. 

5. Kibler B. The kinetic chain in tennis. Do you push or pull? 
Aspetar Sport Med J. 2012;(1):40-43.

6. Hirashima M, Kadota H, Sakurai S, Kudo K, Ohtsuki T. 
Sequential muscle activity and its functional role in the upper 
extremity and trunk during overarm throwing. J Sports Sci. 
2002;20(4):301-310. 

7. Bang MDG. Comparison of Supervised Exercise With 
and Without ~anual Physical Therapy for Patients With 
Shoulder Impingement Syndrome. J Orthop Sport Ther. 
2000;30(3):126-137.

8. Silbernagel KG, Thomeé R, Eriksson BI, Karlsson J. 
Continued sports activity, using a pain-monitoring model, 
during rehabilitation in patients with Achilles tendinopathy: 
a randomized controlled study. Am J Sports Med. 
2007;35(6):897-906. 

9. Manske R, Wilk KE, Davies G, Ellenbecker T, Reinold M. 
Glenohumeral motion deficits: friend or foe? Int J Sports 
Phys Ther. 2013;8(5):537-553. 

10. Wilk KE, Hooks TR, Macrina LC. The modified sleeper 
stretch and modified cross-body stretch to increase shoulder 
internal rotation range of motion in the overhead throwing 
athlete. J Orthop Sports Phys Ther. 2013;43(12):891-894. 

11. Muraki T, Yamamoto N, Zhao KD, et al. Effect of 
posteroinferior capsule tightness on contact pressure and 
area beneath the coracoacromial arch during pitching 
motion. Am J Sports Med. 2010;38(3):600-607. 

12. Escamilla RF, Yamashiro K, Paulos L, Andrews JR. 
Shoulder muscle activity and function in common shoulder 
rehabilitation exercises. Sport Med. 2009;39:663-685. 

13. Laudner KG, Stanek JM, Meister K. Assessing posterior 
shoulder contracture: The reliability and validity of measuring 
glenohumeral joint horizontal adduction. J Athl Train. 
2006;41(4):375-380.

14. Myers JB, Laudner KG, Pasquale MR, Bradley JP, 
Lephart SM. Glenohumeral range of motion deficits and 
posterior shoulder tightness in throwers with pathologic 
internal impingement. Am J Sports Med. 2006;34(3):385-
391. 

15. Downar JM, Sauers EL. Clinical measures of shoulder 
mobility in the professional baseball player. J Athl Train. 
2005;40(1):23-29.

16. Bigliani LU, Codd TP, Connor PM, Levine WN, Littlefield 
MA, Hershon SJ. Shoulder motion and laxity in the 
professional baseball player. Am J Sports Med. 25(5):609-
613. 

17. Allegrucci M, Whitney SL, Lephart SM, Irrgang JJ, 
Fu FH. Shoulder kinesthesia in healthy unilateral athletes 
participating in upper extremity sports. J Orthop Sports Phys 
Ther. 1995;21(4):220-226. 

18. Donatelli R, Ellenbecker TS, Ekedahl SR, Wilkes JS, 
Kocher K, Adam J. Assessment of shoulder strength in 
professional baseball pitchers. J Orthop Sports Phys Ther. 
2000;30(9):544-551.

19. Borsa PA, Wilk KE, Jacobson JA, et al. Correlation of 
range of motion and glenohumeral translation in professional 
baseball pitchers. Am J Sports Med. 2005;33(9):1392-1399. 

20. Borsa PA, Dover GC, Wilk KE, Reinold MM. 
Glenohumeral range of motion and stiffness in professional 
baseball pitchers. Med Sci Sports Exerc. 2006;38(1):21-26. 

21. Crockett HC, Gross LB, Wilk KE, et al. Osseous 
adaptation and range of motion at the glenohumeral joint in 
professional baseball pitchers. Am J Sports Med. 30(1):20-
26.

22. Drakos MC, Barker JU, Osbahr DC, et al. Effective 
glenoid version in professional baseball players. Am J Orthop 
(Belle Mead NJ). 2010;39(7):340-344.

23. Chant CB, Litchfield R, Griffin S, Thain LMF. Humeral 
head retroversion in competitive baseball players and its 
relationship to glenohumeral rotation range of motion. J 
Orthop Sports Phys Ther. 2007;37(9):514-520. 

24. Burkhart SS, Morgan CD, Ben Kibler W. The disabled 
throwing shoulder: Spectrum of pathology Part I: 
Pathoanatomy and biomechanics. Arthrosc - J Arthrosc 
Relat Surg. 2003;19(4):404-420. 

25. Pappas AM, Zawacki RM, McCarthy CF. Rehabilitation 
of the pitching shoulder. Am J Sports Med. 13(4):223-235. 

26. Tyler TF, Nicholas SJ, Lee SJ, Mullaney M, McHugh MP. 
Correction of posterior shoulder tightness is associated with 
symptom resolution in patients with internal impingement. 
Am J Sports Med. 2010;38(1):114-119. 

27. Reinold MM, Wilk KE, Macrina LC, et al. Changes in 
shoulder and elbow passive range of motion after pitching 
in professional baseball players. Am J Sports Med. 
2008;36(3):523-527. 

28. Borich MR, Bright JM, Lorello DJ, Cieminski CJ, 
Buisman T, Ludewig PM. Scapular angular positioning at 
end range internal rotation in cases of glenohumeral internal 
rotation deficit. J Orthop Sports Phys Ther. 2006;36(12):926-
934. 



24

INTERMEDIATE EXERCISES FOR THE SHOULDER (OVERHEAD ACTIVITIES)
PRACTITIONER NOTES

evidenceforexercise.org

29. Wilk KE, Meister K, Andrews JR. Current concepts in the 
rehabilitation of the overhead throwing athlete. Am J Sports 
Med. 30(1):136-151. 

30. Kibler W Ben, Kuhn JE, Wilk K, et al. The disabled 
throwing shoulder: Spectrum of pathology - 10-year update. 
Arthrosc - J Arthrosc Relat Surg. 2013;29(1). 

31. Wilk KE, MacRina LC, Arrigo C. Passive range of motion 
characteristics in the overhead baseball pitcher and their 
implications for rehabilitation. In: Clinical Orthopaedics and 
Related Research.Vol 470.; 2012:1586-1594. 

32. Ellenbecker TS, Roetert EP, Bailie DS, Davies GJ, Brown 
SW. Glenohumeral joint total rotation range of motion in elite 
tennis players and baseball pitchers. Med Sci Sports Exerc. 
2002;34(12):2052-2056. 

33. 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. 

34. Urayama M, Itoi E, Hatakeyama Y, Pradhan RL, Sato 
K. Function of the 3 portions of the inferior glenohumeral 
ligament: a cadaveric study. J Shoulder Elbow Surg. 
10(6):589-594. 

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

36. Lintner D, Mayol M, Uzodinma O, Jones R, Labossiere 
D. Glenohumeral internal rotation deficits in professional 
pitchers enrolled in an internal rotation stretching program. 
Am J Sports Med. 2007;35(4):617-621. 

37. Reinold M. 3 Reasons why I don’t use the sleeper 
stretch and why you shouldn’t either. 2011. http://www.
mikereinold.com/2011/07/why-i-dont-use-the-sleeper-
stretch.html 

38. McClure P, Balaicuis J, Heiland D, Broersma ME, 
Thorndike CK, Wood A. A randomized controlled 
comparison of stretching procedures for posterior shoulder 
tightness. J Orthop Sports Phys Ther. 2007;37(3):108-114. 

39. Borstad JD, Dashottar A. Quantifying Strain on Posterior 
Shoulder Tissues During 5 Simulated Clinical Tests : A 
Cadaver Study. J Orthop Sport Phys Ther. 2011;41(2):90-
99. 

40. Izumi T, Aoki M, Muraki T, Hidaka E, Miyamoto S. 
Stretching positions for the posterior capsule of the 
glenohumeral joint: strain measurement using cadaver 
specimens. Am J Sports Med. 2008;36(10):2014-2022. 

41. Harshbarger ND, Eppelheimer BL, Valovich McLeod TC, 
Welch McCarty C. The effectiveness of shoulder stretching 
and joint mobilizations on posterior shoulder tightness. J 
Sport Rehabil. 2013;22(4):313-319.

42. Manske RC, Meschke M, Porter A, Smith B, Reiman 
M. A Randomized Controlled Single-Blinded Comparison 
of Stretching Versus Stretching and Joint Mobilization 
for Posterior Shoulder Tightness Measured by Internal 
Rotation Motion Loss. Sport Heal A Multidiscip Approach. 
2010;2(2):94-100. 

43. Moore SD, Laudner KG, McLoda TA, Shaffer MA. The 
immediate effects of muscle energy technique on posterior 
shoulder tightness: a randomized controlled trial. J Orthop 
Sports Phys Ther. 2011;41(6):400-407. 

44. Muraki T, Aoki M, Izumi T, Fujii M, Hidaka E, Miyamoto S. 
Lengthening of the pectoralis minor muscle during passive 
shoulder motions and stretching techniques: a cadaveric 
biomechanical study. Phys Ther. 2009;89(4):333-341. 

45. Atalar H, Yilmaz C, Polat O, Selek H, Uras I, Yanik 
B. Restricted scapular mobility during arm abduction: 
Implications for impingement syndrome. Acta Orthop Belg. 
2009;75(1):19-24.

46. Mell AG, LaScalza S, Guffey P, et al. Effect of rotator 
cuff pathology on shoulder rhythm. J Shoulder Elb Surg. 
2005;14(1 SUPPL.):58-64. 

47. Laudner KG, Myers JB, Pasquale MR, Bradley JP, 
Lephart SM. Scapular dysfunction in throwers with 
pathologic internal impingement. J Orthop Sports Phys Ther. 
2006;36(7):485-494. 

48. Ogston JB, Ludewig PM. Differences in 3-dimensional 
shoulder kinematics between persons with multidirectional 
instability and asymptomatic controls. Am J Sports Med. 
2007;35(8):1361-1370. 

49. Fayad F, Roby-Brami A, Yazbeck C, et al. Three-
dimensional scapular kinematics and scapulohumeral 
rhythm in patients with glenohumeral osteoarthritis or frozen 
shoulder. J Biomech. 2008;41(2):326-332. 

50. Ludewig PM, Cook TM. Alterations in shoulder 
kinematics and associated muscle activity in people 
with symptoms of shoulder impingement. Phys Ther. 
2000;80:276-291.

51. Hebert LJ, Moffet H, McFadyen BJ, Dionne CE. 
Scapular behavior in shoulder impingement syndrome. Arch 
Phys Med Rehabil. 2002;83(1):60-69. 

52. Williams JG, Laudner KG, McLoda T. The acute effects 
of two passive stretch maneuvers on pectoralis minor length 
and scapular kinematics among collegiate swimmers. Int J 
Sports Phys Ther. 2013;8(1):25-33. 

53. Borstad JD, Ludewig PM. Comparison of three stretches 
for the pectoralis minor muscle. J Shoulder Elb Surg. 
2006;15(3):324-330. 

54. Wang CH, McClure P, Pratt NE, Nobilini R. Stretching 
and strengthening exercises: Their effect on three- 
dimensional scapular kinematics. Arch Phys Med Rehabil. 
1999;80(8):923-929. 

55. McClure PW, Bialker J, Neff N, Williams G, Karduna A. 
Shoulder function and 3-dimensional kinematics in people 
with shoulder impingement syndrome before and after a 
6-week exercise program. Phys Ther. 2004;84(9):832-848.

56. Warren CG, Lehmann JF, Koblanski JN. Elongation of rat 
tail tendon: effect of load and temperature. Arch Phys Med 
Rehabil. 1971;52(10):465-474 passim. 

57. Gajdosik RL. Passive extensibility of skeletal muscle: 
Review of the literature with clinical implications. Clin 
Biomech. 2001;16:87-101. 



25

INTERMEDIATE EXERCISES FOR THE SHOULDER (OVERHEAD ACTIVITIES)
PRACTITIONER NOTES

evidenceforexercise.org

58. Zito M, Driver D, Parker C, Bohannon R. Lasting effects 
of one bout of two 15-second passive stretches on ankle 
dorsiflexion range of motion. J Orthop Sports Phys Ther. 
1997;26:214-221.

59. Taylor DC, Dalton JD, Seaber A V, Garrett WE. 
Viscoelastic properties of muscle-tendon units. Am J Sports 
Med. 1990;18:300-309. 

60. Weppler CH, Magnusson SP. Increasing muscle 
extensibility: a matter of increasing length or modifying 
sensation? Phys Ther. 2010;90:438-449. 

61. Cogley RM, Archambault TA, Fibeger JF, Koverman MM, 
Youdas JW, Hollman JH. Comparison of muscle activation 
using various hand positions during the push-up exercise. J 
Strength Cond Res. 2005;19(3):628-633. 

62. Gouvali MK, Boudolos K. Dynamic and 
electromyographical analysis in variants of push-up exercise. 
J Strength Cond Res. 2005;19(1):146-151. 

63. donkers MJ, An K-N, Chao EYS, Morrey BF. Hand 
position affects elbow joint load during push-up exercise. J 
Biomech. 1993;26(6):625-632. 

64. Chou PH, Lin CJ, Chou YL, Lou SZ, Su FC, Huang 
GF. Elbow load with various forearm positions during one-
handed pushup exercise. Int J Sports Med. 2002;23(6):457-
462. 

65. Lou SZ, Lin CJ, Chou PH, Chou YL, Su FC. Elbow load 
during pushup at various forearm rotations. Clin Biomech. 
2001;16(5):408-414. 

66. Marcolin G, Petrone N, Moro T, Battaglia G, Bianco A, 
Paoli A. Selective Activation of Shoulder, Trunk, and Arm 
Muscles: A Comparative Analysis of Different Push-Up 
Variants. J Athl Train. 2015. 

67. Chou PP, Hsu H, Chen S, Yang S-K, Kuo C, Chou Y. 
Effect of Push-up Speed on Elbow Joint Loading. J Med Biol 
Eng. 2010;31(3):161-168. 

68. Suprak DN, Bohannon J, Morales G, Stroschein J, 
Juan JGS. Scapular kinematics and shoulder elevation in a 
traditional push-up. J Athl Train. 2013;48(6):826-835. 

69. Howarth SJ, Beach T a C, Callaghan JP. Abdominal 
muscles dominate contributions to vertebral joint stiffness 
during the push-up. J Appl Biomech. 2008;24(2):130-139.

70. Lehman GJ, Gilas D, Patel U. An unstable support 
surface does not increase scapulothoracic stabilizing muscle 
activity during push up and push up plus exercises. Man 
Ther. 2008;13(6):500-506. 

71. Lee S, Gong W, Park M, Lee M, Shim J. A Study of 
Shoulder Stabilizer Muscle Exercise using the Contraction of 
the Finger Flexor Muscle. J Phys Ther Sci. 2011;23(1):41-43. 

72. Lee S-Y, Jung J-M, Hwangbo Gak. The Effects on 
Shoulder Stabilizer Activation of Finger Flexor Activation 
during the Push-up Plus Exercise. J Phys Ther Sci. 
2011;23(4):575-577.

73. Jung J, Cho W. Effects of push-up exercise on shoulder 
stabilizer muscle activation according to the grip thickness of 
the push-up bar. J Phys Ther Sci. 2015;27(9):2995-2997. 

74. Chou P-H, Lou S-Z, Chen S-K, Chen H-C, Wu T-H, 
Chou Y-L. Biomechanical analysis of the elbow joint 
loading during push-up. Biomed Eng Appl Basis Commun. 
2008;20(04):197-204. 

75. Van der Wall H, McLaughlin A, Bruce W, Frater CJ, 
Kannangara S, Murray IP. Scintigraphic patterns of injury in 
amateur weight lifters. Clin Nucl Med. 1999;24:915-920. 

76. Ludewig PM, Reynolds JF. The association of scapular 
kinematics and glenohumeral joint pathologies. J Orthop 
Sports Phys Ther. 2009;39(2):90-104. 

77. Cools AM, Witvrouw EE, Mahieu NN, Danneels L a. 
Isokinetic scapular muscle performance in overhead athletes 
with and without impingement symptoms. J Athl Train. 
2005;40(2):104-110.

78. Chodzko-Zajko WJ, Proctor DN, Fiatarone Singh MA, 
et al. American College of Sports Medicine position stand. 
Exercise and physical activity for older adults. Med Sci 
Sports Exerc. 2009;41(7):1510-1530.

79. Paine RM, Voight M. The role of the scapula. J Orthop 
Sports Phys Ther. 1993;18:386-391.

80. Martins J, Tucci HT, Andrade R, Araújo RC, Bevilaqua-
Grossi D, Oliveira AS. Electromyographic amplitude ratio 
of serratus anterior and upper trapezius muscles during 
modified push-ups and bench press exercises. J Strength 
Cond Res. 2008;22(2):477-484. 

81. Dillman C, Murray T, Hintermeister R. Biomechanical 
Differences of Open and Closed Chain Exercises With 
Respect to the Shoulder. J Sport Rehabil. 1994;3:228-238.

82. Apreleva M, Parsons IM, Warner JJ, Fu FH, Woo 
SL-Y. Experimental investigation of reaction forces at the 
glenohumeral joint during active abduction. J Shoulder Elb 
Surg. 2000;9(5):409-417. 

83. Van Der Helm FCT. Analysis of the kinematic and 
dynamic behavior of the shoulder mechanism. J Biomech. 
1994;27(5):527-550. 

84. Youdas JW, Budach BD, Ellerbusch J V, Stucky 
CM, Wait KR, Hollman JH. Comparison of muscle-
activation patterns during the conventional push-up and 
perfect· pushupTM exercises. J Strength Cond Res. 
2010;24(12):3352-3362.

85. Freeman S, Karpowicz A, Gray J, McGill S. Quantifying 
muscle patterns and spine load during various forms of the 
push-up. Med Sci Sports Exerc. 2006;38:570-577. 

86. Tucker WS, Bruenger AJ, Doster CM, Hoffmeyer DR. 
Scapular muscle activity in overhead and nonoverhead 
athletes during closed chain exercises. Clin J Sport Med. 
2011;21(5):405-410. 

87. Tucker WS, Campbell BM, Swartz EE, Armstrong CW. 
Electromyography of 3 scapular muscles: A comparative 
analysis of the cuff link device and a standard push-up. J 
Athl Train. 2008;43(5):464-469.

88. San Juan JG, Suprak DN, Roach SM, Lyda M. The 
effects of exercise type and elbow angle on vertical ground 
reaction force and muscle activity during a push-up plus 
exercise. BMC Musculoskelet Disord. 2015;16:23. .



26

INTERMEDIATE EXERCISES FOR THE SHOULDER (OVERHEAD ACTIVITIES)
PRACTITIONER NOTES

evidenceforexercise.org

89. Wolpaw JR. Spinal cord plasticity in acquisition and 
maintenance of motor skills. Acta Physiol. 2007;189(2):155-
169. 

90. Compact Oxford English Dictionary. 2nd ed. Oxford, UK: 
Oxford University Press; 1993.

91. Uhl TL, Carver TJ, Mattacola CG, Mair SD, Nitz AJ. 
Shoulder musculature activation during upper extremity 
weight-bearing exercise. J Orthop Sports Phys Ther. 
2003;33(3):109-117. 

92. Hwang U-J, Kwon O-Y, Jeon I-C, Kim S-H, Weon J-H. 
Effect of Humeral Elevation Angle on Electromyographic 
Activity in the Serratus Anterior During the Push-up Plus 
Exercise. J Sport Rehabil. 2015. Nov 10. [Epub ahead of 
print]

93. Batbayar Y, Uga D, Nakazawa R, Sakamoto M. Effect of 
various hand position widths on scapular stabilizing muscles 
during the push-up plus exercise in healthy people. J Phys 
Ther Sci. 2015;27(8):2573-2576. 

94. Lunden JB, Braman JP, LaPrade RF, Ludewig PM. 
Shoulder kinematics during the wall push-up plus exercise. J 
Shoulder Elb Surg. 2010;19(2):216-223.

95. Tsai NT, McClure PW, Karduna AR. Effects of muscle 
fatigue on 3-dimensional scapular kinematics. Arch Phys 
Med Rehabil. 2003;84(7):1000-1005.

96. Michener LA, McClure PW, Karduna AR. Anatomical and 
biomechanical mechanisms of subacromial impingement 
syndrome. Clin Biomech. 2003;18(5):369-379. 

97. Decker MJ, Hintermeister R a, Faber KJ, Hawkins 
RJ. Serratus anterior muscle activity during selected 
rehabilitation exercises. Am J Sports Med. 1999;27(6):784-
791. 

98. Andersen CH, Zebis MK, Saervoll C, et al. Scapular 
muscle activity from selected strengthening exercises 
performed at low and high intensities. J Strength Cond Res. 
2012;26(9):2408-2416. 

99. Moseley JB, Jobe FW, Pink M, Perry J, Tibone J. 
EMG analysis of the scapular muscles during a shoulder 
rehabilitation program. Am J Sports Med. 20(2):128-134. 

100. Bhatia DN, de Beer JF, van Rooyen KS, Lam F, du Toit 
DF. The “bench-presser’s shoulder”: an overuse insertional 
tendinopathy of the pectoralis minor muscle. Br J Sports 
Med. 2007;41:e11. 

101. Cools AM, Dewitte V, Lanszweert F, et al. Rehabilitation 
of scapular muscle balance: which exercises to prescribe? 
Am J Sports Med. 2007;35:1744-1751. 

102. Magnusson SP, Gleim GW, Nicholas JA. Shoulder 
weakness in professional baseball pitchers. Med Sci Sports 
Exerc. 1994;26(1):5-9.

103. Ekstrom RA, Donatelli RA, Soderberg GL. Surface 
Electromyographic Analysis of Exercises for the Trapezius 
and Serratus Anterior Muscles. Orthop Sports Phys Ther. 
2003;33(5)247-258 

104. Adkins DL, Boychuk J, Remple MS, Kleim J a. Motor 
training induces experience-specific patterns of plasticity 
across motor cortex and spinal cord. J Appl Physiol. 
2006;101(6):1776-1782. 

105. Akima H, Takahashi H, Kuno SY, et al. Early phase 
adaptations of muscle use and strength to isokinetic training. 
Med Sci Sports Exerc. 1999;31(4):588-594. 

106. Hickson RC, Hidaka K, Foster C, Falduto MT, 
Chatterton RT. Successive time courses of strength 
development and steroid hormone responses to heavy-
resistance training. J Appl Physiol. 1994;76(2):663-670.

107. Jones D a, Rutherford OM. Human muscle strength 
training: the effects of three different regimens and the nature 
of the resultant changes. J Physiol. 1987;391:1-11.

108. Komi P V. Training of muscle strength and power: 
interaction of neuromotoric, hypertrophic, and mechanical 
factors. Int J Sports Med. 1986;7

109. Duchateau J, Hainaut K. Electrical and mechanical 
changes in immobilized human muscle. J Appl Physiol. 
1987;62(6):2168-2173.

110. Häkkinen K, Alén M, Komi P V. Changes in isometric 
force- and relaxation-time, electromyographic and muscle 
fibre characteristics of human skeletal muscle during 
strength training and detraining. Acta Physiol Scand. 
1985;125:573-585. 

111. Narici M V., Roi GS, Landoni L, Minetti  a. E, Cerretelli 
P. Changes in force, cross-sectional area and neural 
activation during strength training and detraining of the 
human quadriceps. Eur J Appl Physiol Occup Physiol. 
1989;59(4):310-319.

112. Enoka RM. Neural adaptations with chronic physical 
activity. J Biomech. 1997;30(5):447-455. 

113. Häkkinen K, Newton RU, Gordon SE, et al. Changes 
in muscle morphology, electromyographic activity, and 
force production characteristics during progressive strength 
training in young and older men. J Gerontol A Biol Sci Med 
Sci. 1998;53(6):B415-B423.

114. Higbie EJ, Cureton KJ, Warren GL, Prior BM. Effects 
of concentric and eccentric training on muscle strength, 
cross-sectional area, and neural activation. J Appl Physiol. 
1996;81(5):2173-2181.

115. Kraemer WJ, Fleck SJ, Evans WJ. Strength and power 
training: physiological mechanisms of adaptation. Exerc 
Sport Sci Rev. 1996;24:363-397.

116. Enoka RM. Muscle strength and its development. New 
perspectives. Sport Med. 1988;6:146-168. 

117. Häkkinen K, Kallinen M, Linnamo V, Pastinen UM, 
Newton RU, Kraemer WJ. Neuromuscular adaptations 
during bilateral versus unilateral strength training in middle-
aged and elderly men and women. Acta Physiol Scand. 
1996;158(1):77-88. 

118. Hortobágyi T. Cross education and the human 
central nervous system. IEEE Eng Med Biol Mag. 
2005;24(February):22-28. 



27

INTERMEDIATE EXERCISES FOR THE SHOULDER (OVERHEAD ACTIVITIES)
PRACTITIONER NOTES

evidenceforexercise.org

119. Moritani T, deVries HA. Neural factors versus 
hypertrophy in the time course of muscle strength gain. Am 
J Phys Med. 1979;58(3):115-130. 

120. Zhou S. Chronic neural adaptations to unilateral 
exercise: mechanisms of cross education. Exerc Sport Sci 
Rev. 2000;28(4):177-184. 

121. Remple MS, Bruneau RM, VandenBerg PM, 
Goertzen C, Kleim J a. Sensitivity of cortical movement 
representations to motor experience: evidence that 
skill learning but not strength training induces cortical 
reorganization. Behav Brain Res. 2001;123(2):133-141. 

122. Decker MJ, Tokish JM, Ellis HB, Torry MR, Hawkins RJ. 
Subscapularis muscle activity during selected rehabilitation 
exercises. Am J Sports Med. 31(1):126-134. 

123. Glousman R, Jobe F, Tibone J, Moynes D, Antonelli D, 
Perry J. Dynamic electromyographic analysis of the throwing 
shoulder with glenohumeral instability. J Bone Joint Surg 
Am. 1988;70:220-226.

124. Jobe FW, Moynes DR, Antonelli DJ. Rotator cuff 
function during a golf swing. Am J Sports Med. 14(5):388-
392.

125. Jobe FW, Perry J, Pink M. Electromyographic shoulder 
activity in men and women professional golfers. Am J Sports 
Med. 17(6):782-787. 

126. Pink M, Perry J, Browne A, Scovazzo ML, Kerrigan 
J. The Normal Shoulder During Freestyle Swimming. Am J 
Sports Med. 1991;19:569-576.

127. Reddy AS, Mohr KJ, Pink MM, Jobe FW. 
Electromyographic analysis of the deltoid and rotator cuff 
muscles in persons with subacromial impingement. J 
Shoulder Elb Surg. 2000;9:519-523. 

128. Otis JC, Jiang CC, Wickiewicz TL, Peterson MG, 
Warren RF, Santner TJ. Changes in the moment arms of the 
rotator cuff and deltoid muscles with abduction and rotation. 
J Bone Joint Surg Am. 1994;76(5):667-676. 

129. Hughes RE, Niebur G, Liu J, An KN. Comparison of 
two methods for computing abduction moment arms of the 
rotator cuff. J Biomech. 1998;31:157-160. 

130. Liu J, Hughes RE, Smutz WP, Niebur G, Nan-An 
K. Roles of deltoid and rotator cuff muscles in shoulder 
elevation. Clin Biomech. 1997;12:32-38. 

131. Ovesen J, Nielsen S. Stability of the shoulder joint. 
Cadaver study of stabilizing structures. Acta Orthop Scand. 
1985;56:149-151. 

132. Inman VT, Saunders JB, Abbott LC. Observations of 
the function of the shoulder joint. 1944. Clin Orthop Relat 
Res. 1996;(330):3-12. 

133. Digiovine NM, Jobe FW, Pink M, Perry J. An 
electromyographic analysis of the upper extremity in 
pitching. J Shoulder Elbow Surg. 1992;1:15-25. 

134. Reinold MM, Wilk KE, Fleisig GS, et al. 
Electromyographic analysis of the rotator cuff and deltoid 
musculature during common shoulder external rotation 
exercises. J Orthop Sports Phys Ther. 2004;34:385-394. 

135. Wilk KE, Arrigo C a, Andrews JR. Current concepts: 
the stabilizing structures of the glenohumeral joint. J Orthop 
Sports Phys Ther. 1997;25(6):364-379. 

136. Wilk KE, Arrigo C. Current concepts in the rehabilitation 
of the athletic shoulder. J Orthop Sports Phys Ther. 
1993;18:365-378. 

137. Fleisig GS, Barrentine SW, Escamilla RF, Andrews JR. 
Biomechanics of overhand throwing with implications for 
injuries. Sports Med. 1996;21(6):421-437. 

138. Wilk KE, Andrews JR, Arrigo CA. The abductor and 
adductor strength characteristics of professional baseball 
pitchers [corrected] [published erratum appears in Am J 
Sports Med 1995 Nov-Dec;23(6):778]. Am J Sports Med. 
1995;23(3):307-311.

139. Wilk KE, Andrews JR, Arrigo CA, Keirns MA, Erber DJ. 
The strength characteristics of internal and external rotator 
muscles in professional baseball pitchers. Am J Sports Med. 
21(1):61-66. 

140. Reinold MM, Escamilla RF, Wilk KE. Current concepts 
in the scientific and clinical rationale behind exercises for 
glenohumeral and scapulothoracic musculature. J Orthop 
Sports Phys Ther. 2009;39:105-117. 

141. Fleisig GS, Escamilla RF, Andrews JR, et al. Kinematic 
and Kinetic Comparison Between Baseball Pitching and 
Football Passing. J Appl Biomech. 1996;12(2):207-224. 

142. Poppen NK, Walker PS. Forces at the glenohumeral 
joint in abduction. Clin Orthop Relat Res. 1978;(135):165-
170.

143. Hopkins WD, Russell JL, Schaeffer JA. The neural 
and cognitive correlates of aimed throwing in chimpanzees: 
a magnetic resonance image and behavioural study on a 
unique form of social tool use. Philos Trans R Soc Lond B 
Biol Sci. 2012;367(1585):37-47.

144. Cools AM, Witvrouw EE, Declercq GA, Danneels 
LA, Cambier DC. Scapular muscle recruitment patterns: 
trapezius muscle latency with and without impingement 
symptoms. Am J Sports Med. 2003;31(4):542-549.

145. McCabe RA, Orishimo KF, McHugh MP, Nicholas SJ. 
Surface electromygraphic analysis of the lower trapezius 
muscle during exercises performed below ninety degrees of 
shoulder elevation in healthy subjects. N Am J Sports Phys 
Ther. 2007;2:34-43.


