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Electromyographically Based■ Rehabilitation 
Exercises for the Scapula
ROBERT C. MANSKE, DPT, MPT, MEd, SCS, ATC, CSCS • Wichita State University

Overhead athletes including those in racket 
sports, throwers, volleyball players, and swim-
mers require full, unrestricted use of their 
upper extremity to compete at optimal levels. 
Scapulothoracic and scapulohumeral (rotator-
cuff) muscle function are critical for normal 
overhead activities of the shoulder and play an 
important role in normal shoulder function. 

Furthermore, weakness 
of scapulothoracic and 
scapulohumeral muscles 
is a common cause of 
shoulder pathology.

The primary purpose 
of this article is to describe 
therapeutic exercises that 
activate scapulothoracic 
and scapulohumeral 
muscles that are derived 
from literature examining 
the electromyographical 
(EMG) activation of the 
scapular muscles. Thera-
peutic exercises have 
been investigated using 
surface and indwelling 

EMG in order to determine to what level 
specific scapulothoracic and scapulohumeral 
muscles are activated. Electromyographic 
studies will be used in this article to provide 
a rationale for exercise recommendations 
to strengthen scapulothoracic and scapulo-
humeral muscles.

Scapulothoracic Muscles  
and Pathology

Because of the overt mobility present at 
the human glenohumeral joint, overhead 
athletes require a stable base of operation 
at the scapulothoracic joint. To maintain 
stability, the scapula relies very heavily on 
the muscles of the scapulothoracic region. 
If scapulothoracic muscles are not function-
ing properly because of aberrant motion or 
asynchrony of the firing patterns, overhead 
athletes are at great risk for injuries such as 
impingement and other forms of overuse 
syndromes.

Moseley et al.1 assessed scapular-muscle 
activity with indwelling EMG electrodes. In 
their study, an exercise was considered a sig-
nificant challenge if it generated at least 50% 
of the muscles maximum contraction. The 
researchers focused on the scapulothoracic 
muscles: the serratus anterior, the trapezius, 
the rhomboid muscles, and the pectoralis 
minor. Four scapular-muscle exercises were 
determined to generate the most activity in 
healthy subjects. These exercises included 
scaption (scapular-plane elevation; Figure 1), 
rowing (Figure 2), push-up with a plus (Figure 
3), and press-up exercises (Figure 4). These 
exercises are commonly known as the Mose-
ley scapular core exercises. These and others 
are used in a thorough program to address 
scapulothoracic-muscle impairments.

Scapular-muscle function is critical for full 
unrestricted activity in overhead athletes.

Scapular function requires control of both 
the scapulothoracic and scapulohumeral 
muscle groups.

There is sufficient EMG evidence regard-
ing favorable exercise techniques to elicit 
high muscle-firing patterns for both the 
scapulothoracic and scapulohumeral muscle 
groups.
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Serratus Anterior

The outer superior borders of first 7–10 ribs and the 
intercostal muscles are the point of origin for the ser-
ratus anterior muscle, and the lower medial scapula 

border is the insertion. The serratus anterior forms an 
important force couple with the trapezius muscles that 
allows upward rotation of the scapula—a motion critical 
for overhead movements. Decker et al.2 demonstrated 
that several exercises sufficiently activated the serratus 
anterior; these included the forward punch (Figure 5), 
scaption (Figure 1), dynamic hug (Figure 6), and push-
ups plus (Figure 3). Ekstrom et al.3 agreed that the push-
up plus was a very high-level serratus exercise. They 
also found that the combined glenohumeral motions of 
flexion, adduction, and external rotation (Figure 7), as 
well as glenohumeral abduction to 125º in the plane of 
the scapula (Figure 8) and glenohumeral flexion to 125º 
with protraction, elicited high levels of EMG activity.

Trapezius Muscles

The trapezius is a very broad triangular muscle origi-
nating from the occiput to the lower thoracic spine. It 
inserts on the clavicle, the acromion, and the spine of 
the scapula. The upper and lower trapezius and the 
serratus anterior are thought to be the primary upward 
scapular rotators during overhead motions.4 Ekstrom 
et al.5 evaluated EMG trapezius muscle activity and 
found that the unilateral shoulder-shrug exercise pro-
duced the greatest EMG activity in the upper trapezius, 
whereas shoulder horizontal abduction with external 
rotation and the prone overhead arm raise in line 
with the lower trapezius muscle activated the middle 
trapezius to the fullest extent (Figure 9). The prone 
overhead arm raise in line with the lower trapezius 
fibers activated the lower trapezius the most.

Rhomboid Muscles

The rhomboid muscles are a set of muscles that lie on 
the posterior thorax, originate on the thoracic spine, 

Figure  1  Scapular-plane elevation (thumb up).

Figure  2  rowing exercise.

Figure  3  push-up with a plus.

Figure  4  press-up.
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and attach to the medial scapular border. Activation 
of the rhomboid muscles will cause a concentric 
downward scapular rotation, or they will help eccen-
trically control scapular upward rotation. Moseley et 
al.1 evaluated activation of the rhomboid muscles in 
their previously cited study. Four exercises were found 
to activate the rhomboid major and minor muscles to 
the greatest extent: horizontal abduction in neutral, 
scaption, shoulder abduction, and rowing.

Intervention for Scapulothoracic-Muscle 
Impairment

When devising any therapeutic-exercise program, one 
should determine the primary goals to be addressed. 
Simply stated, are the goals of the program to increase 
local muscle strength, endurance, or power? Using the 
mode of exercise that best fits the functional demands 
of the athlete is known as specificity of training. It is 

Figure  5  Forward punch.

Figure  6  dynamic hug.

Figure  7  Shoulder horizontal adduction/extension with external rota-
tion.

Figure  8  Shoulder abduction to 125º in the plane of the scapula.

Figure  9  prone lower trapezius.
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outside this article’s scope to describe specific train-
ing programs in detail, but the reader is directed to 
the work of Baechle and Erale6 to gain further insights 
regarding specific training methods. Once a patient’s 
exercise goals have been determined, the clinician 
can apply techniques that more appropriately affect 
the given muscles.

Scapulohumeral Muscles and Pathology
Any sport or recreational activity requiring overhead 
motions places high demands on the scapulohumeral 
muscles. Inman et al.7 described the importance of the 
force couple that occurs between the scapulohumeral 
muscles and the deltoid muscle during arm-elevation 
activities. Proper recruitment of the scapulohumeral 
muscles is imperative to provide dynamic compression 
to the humeral head to offset the superior translatory 
moment generated by deltoid activation during arm 
elevation.

Townsend et al.8 used dynamic fine-wire intra-
muscular EMG to study common shoulder exercises 
in healthy participant■. In their study an exercise 
was considered a significant challenge to the scapu-
lohumeral muscles if it generated at least 50% of the 
scapulohumeral muscles’ maximum contraction. Four 
exercises were consistently found to be challenging 
for the scapulohumeral muscles. The four exercises, 
commonly known as the Townsend core rotator-
cuff exercises, include glenohumeral elevation in the 
scapular plane with thumbs down, glenohumeral 
flexion, glenohumeral horizontal abduction with the 
arms externally rotated (Figure 7), and the press-up 
(Figure 4). Townsend et al.8 found that scaption with 
thumbs down elicited high EMG activity above 90º of 
glenohumeral elevation. Clinically, this range of motion 
is not recommended because it can very easily place 
the glenohumeral joint in a position of impingement. 
The risk of impingement strongly outweighs the gains 
that would result from this exercise. In developing a 
comprehensive rehabilitation program, all of the scapu-
lohumeral muscles must be addressed.

Supraspinatus

The supraspinatus origin is the supraspinatus fossa 
of the superior portion of the scapula, and it inserts 
onto the greater tuberosity of the humerus to form the 
superior portion of the rotator cuff. The supraspinatus 
and the deltoid muscle form one of the most important 
force couples in the glenohumeral joint. Both of these 

muscles are activated early in beginning of shoulder 
elevation and reach maximal levels of firing at about 
90º.9 Throughout the motion of elevation these two 
muscles contribute approximately equal shares of 
abduction torque.10 The supraspinatus is also thought 
to be important in maintaining dynamic shoulder 
stability.10,11 Several studies have examined the EMG 
activity of the supraspinatus muscle. Kelly et al.12 
assessed such EMG activity and found that scaption 
with thumb up (full-can position) generates the most 
activity in the supraspinatus muscle (Figure 1), and 
Reinold et al.,13 Blackburn et al.,14 and Worrell et al.15 
all determined that prone horizontal abduction with the 
elbow extended and the glenohumeral joint externally 
rotated and abducted to 100° maximally activated the 
supraspinatus. In contrast, Jobe and Moyes■16 found 
that the supraspinatus is maximally activated in scap-
tion with thumb down (the empty-can position) at 90° 
of abduction, as well as 30° of horizontal adduction 
and full internal rotation. Recent evidence by Thigpen 
et al.17 revealed that there is an increased amount of 
scapular anterior tipping and internal rotation during 
elevation in the empty-can position, which might not 
be appropriate for patients with impingement-related 
conditions. It appears from this recent study that the 
empty-can position should be used very selectively, 
and, when possible, use of the full-can position might 
be more appropriate to activate the supraspinatus and 
not lessen the subacromial space.17

Subscapularis

Subscapularis-muscle activity is crucial for overhead 
athletes. The subscapularis muscle is the anterior com-
ponent of the scapulohumeral force couple, along with 
its antagonist the infraspinatus muscle. It is impera-
tive that all of the cuff muscles function properly to 
counteract the cephalad pull of the humerus by the 
deltoid muscle. There appear to be conflicting findings 
regarding functions, innervation, and activation of the 
subscapularis.18 There is evidence to suggest that the 
upper and lower portions of the subscapularis muscle 
function independently and have separate innerva-
tions.18,19 Decker et al.19 found that both upper and 
lower subscapularis-muscle activity was generated with 
amplitudes greater than 20% of maximal voluntary 
contraction in participants performing the dynamic 
hug (Figure 6), push-up plus (Figure 3), internal rotation 
with arm at side, internal rotation with arm abducted 
approximately 40°, and diagonal-adduction/inter-
nal-rotation exercise. Electromyographic amplitudes 
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did not reach levels greater than 20% for the lower 
subscapularis for internal rotation with arm abducted 
to 90° or the forward-punch exercise. The two exer-
cises that activated the upper and lower portions to a 
greater level more consistently were the push-up plus 
(Figure 3) and the diagonal-adduction/internal-rotation 
exercise.

Infraspinatus and Teres Minor

The infraspinatus and teres minor arise from the con-
cave posterior surface of the scapula and, along with 
the subscapularis, form an important force couple in 
the shoulder to maintain glenohumeral stability during 
overhead motions. This function is very critical during 
the throwing motion, when joint distraction forces 
approximate full body weight at the glenohumeral 
joint.20 Therefore, strengthening these muscles is 
critical to have a normally functioning shoulder. The 
highest EMG activity in the infraspinatus was recorded 
by Ballantyne et al.,21 and Reinold et al.22 while partici-
pants performed side-lying external-rotation exercise 
(Figure 10).

 2. Decker MJ, Hintermeister RA, Faber KJ, et al. Serratus anterior muscle 
activity during selected rehabilitation exercises. Am J Sports Med. 
1999;27(6):784-791.

 3. Ekstrom RA, Bifulco KM, Lopau CJ, et al. Comparing the function of 
the upper and lower parts of the serratus anterior muscle using surface 
electromyography. J Orthop Sports Phys Ther. 2004;34:235-243.

 4. Norkin CC, Levangie PK. Joint Structure and Function. Philadelphia, 
Pa: FA Davis; 1992.

 5. Ekstrom RA, Donatelli RA, Soderberg GL. Surface electromyographic 
analysis of exercises for the trapezius and serratus anterior muscles. 
J Orthop Sports Phys Ther. 2003;33:247-258.

 6. Baechle TR, Earle RW. Essentials of Strength Training and Conditioning. 
2nd ed. Champaign, Ill: Human Kinetics; 2000.

 7. Inman VT, Saunders M, Abbott LC. Observations on the function of 
the shoulder joint. J Bone Joint Surg Am. 1944;26:1-30.

 8. Townsend H, Jobe FW, Pink M, et al. Electromyographic analysis of 
the glenohumeral muscles during a baseball rehabilitation program. 
Am J Sports Med. 1991;19:264-272.

 9. Kronberg M, Nemeth G, Brostom LA. Muscle activity and coordination 
in the normal shoulder. Clin Orthop Rel Res. 1990;257:76-85. 

 10. Howell SM, Imobersteg AM, Seger DH, et al. Clarification of the role 
of the supraspinatus muscle in shoulder function. J Bone Joint Surg. 
1986;68:398-404.

 11. Van Linge B, Mulder JD. Function of the supraspinatus muscle and 
its relation to the supraspinatus syndrome: an experimental study in 
man. J Bone Joint Surg Br. 1963;45:750-754.

 12. Kelly BT, Dadrmas WR, Speer KP. The manual muscle examination for 
rotator cuff strength. an electromyographic investigation. Am J Sports 
Med. 1996;24:581-588.

 13. Reinold MM, Ellerbusch MT, Barrentine SW, et al. Electromyographic 
analysis of the supraspinatus and deltoid muscles during rehabilitation 
exercises. J Orthop Sports Phys Ther. 2002;32:A-43.

 14. Blackburn TA, McLeod B, White L, et al. EMG analysis of posterior 
rotator cuff exercise. Athl Train. 1990;25:40-45.

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

 16. Jobe FW, Moynes DR. Delineation of diagnostic criteria and a rehabili-
tation program for rotator cuff injuries. Am J Sports Med. 1982;10:336-
339.

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

 18. Kato K. Innervation of the scapular muscles and its morphological 
significance in man. Anat Anz. 1989;168:155-168.

 19. Decker MJ, Tokish JM, Ellis HB, et al. Subscapularis muscle activity 
during selected rehabilitation exercises. Am J Sports Med. 2003;31:126-
134.

 20.  Fleisig GS, Barrentine SW, Escamilla RF, et al. Biomechanics of over-
hand throwing with implications for injuries. Sports Med. 1996;21:421-
437.

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

 22. 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.

Robert Manske is and assistant professor in the Wichita State Univer-
sity Department of Physical Therapy, a physical therapist/athletic trainer 
at Via Christi Orthopedic and Sports Physical Therapy, and a teaching 
associate at University of Kansas Medical School Department of Family 
Medicine—sports-medicine fellowship residency program.

Figure  10  Side-lying external rotation.

Summary
Both the scapulothoracic- and scapulohumeral-muscle 
complexes are critical to a fully functional and asymp-
tomatic shoulder. Strengthening exercises for these 
essential muscle groups should not be done in a 
random pattern, without careful thought and con-
sideration. There appears to be sufficient evidence 
from the literature to help clinicians develop a specific 
structured treatment approach to address deficits in 
each muscle group.
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