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Clinical rehabilitation of the injured overhead athlete 
often includes exercises performed with the 
glenohumeral joint at 90° of abduction.12,13,26,31,32 

Progression to exercises with 90° of glenohumeral joint 
abduction prepares the athlete for a return to the demands of 
overhead function.4,14,24 Specific levels of muscular activity 

during many exercises used in shoulder rehabilitation are 
known in normal subjects6,20,21,25,26,29 as well as in certain types 
of pathology.2 These studies allow the clinician to select specific 
exercises to normalize muscle balance and improve muscular 
strength and local muscle endurance for rehabilitation, 
prevention, and performance enhancement programs.

553165 SPHXXX10.1177/1941738114553165Ellenbecker et alSports Health
research-article2014

Muscular Activation During Plyometric 
Exercises in 90° of Glenohumeral Joint 
Abduction
Todd S. Ellenbecker, DPT, MS, SCS, OCS, CSCS,*† Tetsuro Sueyoshi, ATC,†  
and David S. Bailie, MD‡

Background: Plyometric exercises are frequently used to increase posterior rotator cuff and periscapular muscle strength 
and simulate demands and positional stresses in overhead athletes. The purpose of this study was to provide descriptive 
data on posterior rotator cuff and scapular muscle activation during upper extremity plyometric exercises in 90° of 
glenohumeral joint abduction.

Hypothesis: Levels of muscular activity in the posterior rotator cuff and scapular stabilizers will be high during plyometric 
shoulder exercises similar to previously reported electromyographic (EMG) levels of shoulder rehabilitation exercises.

Study Design: Descriptive laboratory study.

Methods: Twenty healthy subjects were tested using surface EMG during the performance of 2 plyometric shoulder 
exercises: prone external rotation (PERP) and reverse catch external rotation (RCP) using a handheld medicine ball. 
Electrode application included the upper and lower trapezius (UT and LT, respectively), serratus anterior (SA), infraspinatus 
(IN), and the middle and posterior deltoid (MD and PD, respectively) muscles. A 10-second interval of repetitive plyometric 
exercise (PERP) and 3 repetitions of RCP were sampled. Peak and average normalized EMG data were generated.

Results: Normalized peak and average IN activity ranged between 73% and 102% and between 28% and 52% during the 
plyometric exercises, respectively, with peak and average LT activity measured between 79% and 131% and between 31% 
and 61%. SA activity ranged between 76% and 86% for peak and between 35% and 37% for average activity. Muscular 
activity levels in the MD and PD ranged between 49% and 72% and between 12% and 33% for peak and average, 
respectively.

Conclusion: Moderate to high levels of muscular activity were measured in the rotator cuff and scapular stabilizers during 
these plyometric exercises with the glenohumeral joint abducted 90°.
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Medicine ball plyometric exercise in the 90° of glenohumeral 
abducted position results in improvements in internal and 
external rotation strength and in throwing velocity after 8 weeks 
of training in college baseball players.7 Proprioception, 
kinesthesia, and selected muscular strength have improved after 
a 6-week plyometric training program in swimmers.29 Despite 
these favorable results, little objective information is available 
regarding the muscular activity in plyometric shoulder exercises 
used in rehabilitation. The normalized muscular activity of the 
scapular stabilizers and glenohumeral musculature during a 
2-hand plyometric chest pass exercise using a medicine ball 
shows moderate levels in the rotator cuff and scapular 
musculature.9

Materials and Methods
Participants

Subjects read and signed an informed consent prior to 
participation. This study was approved by the Institutional 
Review Board of Physiotherapy Associates, Exton, PA. Twenty 
subjects (13 men, 7 women) between 18 and 50 years of age 
and no history of shoulder or spinal injury in the past year prior 
to data collection volunteered to participate in this investigation. 
Subjects were free from any history of shoulder or spinal 
surgery. Subjects were active in recreational sports and 
demonstrated competence in the performance of the exercises, 
including catching and throwing ability.

Equipment and Procedures

A Noraxon Myotrace Model 1400A (Noraxon) electromyography 
(EMG) unit was used to measure muscular activity on the 
subjects’ dominant upper extremity using standardized surface 
electrode application and technique (infraspinatus, upper 
trapezius, lower trapezius, serratus anterior, middle deltoid, and 
posterior deltoid). The application of surface electrodes 
followed standardized methodology.

Precise locations of each surface electrode followed previous 
guidelines.3,23

The average and peak muscle activity was recorded for each 
exercise and was normalized to the maximum voluntary 
isometric contraction (MVIC) of each muscle tested. The 
muscular activity classification used in this study included 0% 
to 15% as absent to minimal, 16% to 30% as low, 31% to 60% as 
moderate, and greater than 60% as high.27 Two repetitions were 
used for each muscle with 1-minute rest given between 
muscles. Positions used for determination of MVIC are as 
follows: infraspinatus—0° of abduction with the glenohumeral 
joint in 45° of internal rotation with resistance applied just 
proximal to the wrist with force application into internal 
rotation,16 upper trapezius—seated position shoulder girdle 
shrug with resistance applied over the acromion and resistance 
applied in a caudal direction,17 lower trapezius—prone 
positioning with 135° of abduction in the coronal plane with 
thumb up position using an anteriorly directed force just 
proximal to the wrist,17 serratus anterior—standing position 

with 120° of flexion with force application posterior and 
inferior,3 middle deltoid—resisted abduction in the coronal 
plane in 90° of neutral humeral rotation (palm down) with 
force application straight downward into adduction,17 and 
posterior deltoid—shoulder abduction 90° in neutral rotation 
with resistance applied just proximal to the elbow in an 
anterior direction (horizontal adduction).17 Sampling occurred 
at 1000 HZ, with all signals bandpass filtered between 10 and 
500 HZ and then full-wave rectified using the Myoresearch 1.04 
version software (Noraxon Inc).

The order of testing for the 2 exercises was randomized as 
was the load (Thera-Band Soft Weight; Hygenic Corporation): 
0.5 kg and 1 kg for each subject. The MVIC and exercise data 
were collected in the same testing session. Electrodes were 
applied once and not moved between the MVIC and exercise 
data sampling. Subjects were allowed  
5 minutes of rest between MVIC testing and performance of the 
exercise conditions and 2 minutes of rest between exercise 
conditions. Prior to application of the electrodes, subjects who 
were unfamiliar with the exercises were allowed time to 
practice with the metronome to ensure proper form, speed, and 
consistent performance during data collection.

Medicine Ball Plyometric Exercises
Prone 90/90 External Rotation Plyometric

The subjects were positioned prone on a standard treatment 
table with 90° of external rotation and 90° of glenohumeral joint 
abduction in the coronal plane (90/90 position). A 0.5-kg (tan) 
and a 1-kg (yellow) Thera-Band Soft Weight were used to 
alternately catch and drop during a 10-second interval while 
muscular activity was sampled from the targeted muscles 
(Figure 1). An internal metronome at 160 bpm was set to 
regulate the speed of the exercise to allow for standardization 
between trials and between subjects tested. Sampling was 
performed for 10 seconds, with the first and last 4 seconds 
discarded. A 2-second central interval was analyzed using full-
wave rectification and root mean square smoothing with a 
window of 50 ms for data analysis. This central window 
selected for analysis was chosen to represent several 
movements of the exercise and to characterize the muscular 
performance during this repetitive exercise.

Reverse Catch External Rotation Plyometric

Subjects were tested in an upright position with their dominant 
side (ipsilateral) knee flexed onto a foam pad and contralateral 
lower extremity in 90° of hip and knee flexion directly in front 
of them for stabilization (Figure 2). From a distance of 3 feet 
behind the subject, 1 examiner used an underhand toss to 
propel the medicine ball toward the subject who caught the 
ball in the 90/90 position, decelerated the ball, and then 
rapidly tossed the ball back to the examiner maintaining the 
arm in 90° of abduction and 90° of elbow flexion. This was 
repeated for 3 trials, with the middle trial used for data 
collection.
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Data Analysis

SPSS (SPSS Inc) was used to generate the descriptive statistics 
from a Microsoft Excel spreadsheet that had transferred the 
peak and average normalized muscular activity data from the 
sampling windows from the Noraxon EMG software.

results

The muscular activity results are presented in Tables 1 and 2.

discussion

The 2 plyometric exercises resulted in moderate to high levels 
of muscular activity of the infraspinatus and scapular stabilizing 
musculature (lower trapezius and serratus anterior) using 
relatively low loads of 0.5 and 1 kg. While direct comparisons 
between EMG studies outlining rotator cuff and scapular muscle 
activity are difficult because of methodologic differences, it is 
worth noting that the muscular activity levels in the 
infraspinatus measured during these 2 exercises are similar to 
percentage MVIC reported for more traditional exercises such as 
side-lying and prone external rotation.26,30 Similarly, muscular 
activity in the trapezius and serratus anterior force couple1 are 
again comparable with previously reported values for the 
serratus punch, push up with a plus, and resisted scapular 
retraction exercises such as rowing variations used in many 
shoulder rehabilitation programs.10,11,18,21

In a series of plyometric training investigations of upper 
extremity movement patterns, small increases in rotator cuff and 
upper extremity strength and functional improvement were 
encountered particularly among experienced, coordinated 
subjects who could optimally perform the movement 
patterns.15,27,28 One of the key components of the plyometric 
sequence is the use of the eccentric contraction and overload 
applied to the exercising muscle tendon unit.8,13,19,22,33

Lower exercise intensities facilitate the relative activation of 
the rotator cuff compared with the deltoid musculature 
supporting the use of the lighter exercise intensities during 
plyometric exercises.5

Several limitations exist in this study that must be taken into 
account. With the present instrumentation and methods, analysis 
of the specific phases of the exercises was not possible, and the 
data for each exercise are meant to summarize both the average 
and peak muscular activity which characterizes these exercises. 
Additionally, there can be surface EMG cross talk between 
electrodes, which can compromise the measurement of activity 
of individual muscles. Every attempt was made to standardize 
electrode placement and sample carefully representative data 
from each of the exercise trials to capture optimal windows of 
muscle performance. Cross talk secondary to movement artifact 
during these exercises may further affect the data collection 
from surface electrodes during scapulothoracic and 
glenohumeral joint movements. Finally, as the primary purpose 
of this study was descriptive, neither a formal analysis was 
performed to determine sample size nor were repeated 
measures performed to evaluate the reproducibility of the 
standardized methodology used during this investigation.

Figure 1. Prone 90/90 external rotation plyometric exercise. 

Figure 2. Reverse catch external rotation plyometric 
exercise.
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conclusion

Moderate to high levels of muscular activity were measured in 
the rotator cuff and scapular stabilizers during the prone 90/90 
external rotation and reverse catch plyometric exercises with the 
glenohumeral joint abducted 90°.27
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