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Context: Investigators have observed electromyographic
(EMG) activity of the supraspinatus muscle and reported con-
flicting results.

Objective: To quantify EMG activity of the supraspinatus,
middle deltoid, and posterior deltoid muscles during exercises
commonly used in rehabilitation.

Design: One-factor, repeated-measures design.
Setting: Controlled laboratory.
Patients or Other Participants: Twenty-two asymptomatic

subjects (15 men, 7 women) with no history of shoulder injury
participated.

Main Outcomes Measure(s): The dominant shoulder was
tested. Fine-wire EMG electrodes were inserted into the supra-
spinatus, middle deltoid, and posterior deltoid muscles. The
EMG data were collected at 960 Hz for analysis during maximal
voluntary isometric contraction (MVIC) and 5 repetitions of 3
exercises: standing elevation in the scapular plane (‘‘full can’’),
standing elevation in the scapular plane with glenohumeral in-
ternal rotation (‘‘empty can’’), and prone horizontal abduction at
100� with glenohumeral external rotation (‘‘prone full can’’). We
calculated 1-way repeated-measures analysis of variance (P �
.05) and post hoc 2-tailed, paired t tests to detect significant
differences in muscle activity among exercises.

Results: No statistical difference existed among the exercis-
es for the supraspinatus. The middle deltoid showed signifi-
cantly greater activity during the empty-can exercise (77 � 44%
MVIC) and prone full-can exercise (63 � 31% MVIC) than dur-
ing the full-can exercise (52 � 27% MVIC) (P � .001 and .017,
respectively). The posterior deltoid showed significantly greater
activity during the prone full-can exercise (87 � 53% MVIC)
than during the full-can (P � .001) and the empty-can (P �
.005) exercises and significantly greater activity during the emp-
ty-can exercise (54 � 24% MVIC) than during the full-can ex-
ercise (38 � 32% MVIC) (P � .012).

Conclusions: While all 3 exercises produced similar
amounts of supraspinatus activity, the full-can exercise pro-
duced significantly less activity of the deltoid muscles and may
be the optimal position to recruit the supraspinatus muscle for
rehabilitation and testing. The empty-can exercise may be a
good exercise to recruit the middle deltoid muscle, and the
prone full-can exercise may be a good exercise to recruit the
posterior deltoid muscle.

Key Words: shoulder, dynamic stabilization, empty-can ex-
ercises, full-can exercises, prone full-can exercises, rotator cuff,
scaption

Key Points

• The full-can exercise may be the safest and most effective exercise to strengthen the supraspinatus muscle in patients
with shoulder lesions.

• Compared with the empty-can and prone full-can exercises, the full-can exercise elicited the same amount of supraspi-
natus activity with the least amount of middle and posterior deltoid muscle activity.

• The full-can exercise also may be the best exercise for manual muscle testing of the supraspinatus.

The glenohumeral joint exhibits the greatest amount of
motion of any joint in the human body.1 The rotator
cuff provides dynamic stability by compressing the hu-

meral head within the concave glenoid fossa during upper ex-
tremity motion, which is critical to normal functional activi-
ties.2 This synergistic compressive force is necessary to effi-
ciently counteract the superiorly oriented force produced by

the larger muscle groups of the shoulder, such as the deltoid,
and maintain the centralized position of the humeral head
within the glenoid fossa during upper extremity movements.3–5

Pathologic lesions of the rotator cuff, particularly of the su-
praspinatus muscle, often develop because of an overuse or
traumatic injury. Any pathologic condition of the rotator cuff
may affect the ability of the rotator cuff to provide this com-
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pressive force, resulting in superior humeral head migration
and potential impingement against the acromion.6–10 There-
fore, a rehabilitation program designed to optimize rotator cuff
strength is vital for the patient to regain normal functional
activities.

Researchers disagree about the optimal exercises to
strengthen the supraspinatus muscle. In several electromyo-
graphic (EMG) studies, investigators1,11–17 have attempted to
quantify the amount of supraspinatus EMG activity during var-
ious exercises along with specific exercise positions in asymp-
tomatic individuals.

Jobe and Moynes18 were the first researchers to recommend
elevation in the scapular plane (30� anterior to the frontal
plane) with glenohumeral internal rotation, or the ‘‘empty-
can’’ exercise, to strengthen the supraspinatus muscle during
exercise. Other authors14,16,19–21 have suggested the ‘‘full-
can’’ exercise, or elevation in the scapular plane with gleno-
humeral external rotation, to best strengthen and test the su-
praspinatus muscle. Furthermore, Blackburn et al12 described
a statistically significant increase in supraspinatus activity dur-
ing prone horizontal abduction at 100� with full external ro-
tation, or the ‘‘prone full-can’’ exercise.

Authors14,15,17,18,22 of several studies have compared these
exercises, but the results were inconsistent because of limita-
tions. The studies lacked statistical analysis among exercis-
es17,18 or did not include all 3 recommended exercises14,15,17,22

or the authors did not analyze surrounding deltoid muscle ac-
tivity.22 Townsend et al17 noted a 10% increase in supraspi-
natus activity during the empty-can exercise compared with
the full-can exercise. However, they did not perform a statis-
tical analysis to document a difference in mean supraspinatus
activity between the exercises. Worrell et al22 noted statisti-
cally greater supraspinatus EMG activity in the prone full-can
exercise than in the empty-can exercise, but total force pro-
duction (measured using a hand-held dynamometer) was great-
er in the empty-can exercise. These authors hypothesized that
the increase in force production during the empty-can exercise
resulted from increased activity of the surrounding muscula-
ture rather than of the supraspinatus. Malanga et al15 analyzed
the EMG activity of the supraspinatus, as well as 9 other mus-
cles, during the empty-can and prone full-can exercises to as-
sess the hypothesis of Worrell et al.22 The authors reported no
statistical difference in supraspinatus activity; however, the an-
terior deltoid demonstrated statistically greater activity during
the empty-can exercise, and the posterior deltoid exhibited sta-
tistically greater activity during the prone full-can exercise.
Middle deltoid activity was high during both exercises.

The results of these studies remain inconclusive. Thus, con-
troversy regarding the best exercise to strengthen the supra-
spinatus exists. It appears that the optimal exercise for the
supraspinatus would elicit the greatest amount of supraspinatus
activity while minimizing the surrounding muscular activity,
particularly the deltoid. However, no studies comparing the
EMG activity of the supraspinatus and deltoid musculature
during all 3 exercises have been published. Therefore, the pur-
pose of our investigation was to measure dynamically the nor-
malized EMG activity of the supraspinatus, middle deltoid,
and posterior deltoid musculature during the full-can, empty-
can, and prone full-can exercises.

METHODS

Design
For our controlled laboratory study, we used a 1-factor re-

peated-measures design to compare the EMG activity during

full-can, empty-can, and prone full-can exercises for each of
the supraspinatus, middle deltoid, and posterior deltoid mus-
cles. Data were collected from the dominant shoulder of
healthy adult subjects.

Subjects

Twenty-two asymptomatic subjects (15 men, 7 women; age
� 26.7 � 7 years, height � 175 � 10 cm, mass � 79 � 18
kg) volunteered to participate in our study. Twenty were right-
hand dominant; 2, left-hand dominant. No subject reported a
history of shoulder pain, injury, or instability. Each subject
gave informed consent. The research protocol was approved
by the institutional review board.

Instruments

We used the MyoSystem 2000 EMG instrument (Noraxon
USA Inc, Scottsdale, AZ) to collect EMG data. The amplifier
of the system was differential with a bandwidth of 10 Hz to
1000 Hz. A fourth-order Butterworth low-pass filter with a
cut-off frequency of 1000 Hz was included in the amplifier as
an anti-aliasing filter. The high-pass portion of the filter was
a first-order type with a cut-off frequency of 10 Hz. The input
impedance was more than 10 M�, and the common mode
rejection ratio was more than 100 dB at 60 Hz. The average
gain was between 960 Hz and 1040 Hz.

Electrode Insertion

The selection of all muscles for and the technique of elec-
trode insertion were performed according to Perotto.23 We se-
lected electrodes that were 44-gauge stainless steel, paired
hook wires with a dimension of 100 mm. The interelectrode
distances were planned carefully to minimize the electrode
cross-talk. An investigator (M.T.E.) experienced with the use
and placement of intramuscular electrodes inserted all elec-
trodes. The skin of each dominant shoulder was shaved and
cleaned with alcohol before electrode insertion. Ethyl chloride
was sprayed onto the skin to help minimize the discomfort
from electrode insertion. Electrode placement was assisted by
palpation and visual inspection of each muscle. The investi-
gator inserted the electrodes into the supraspinatus, middle del-
toid, and posterior deltoid muscles using a 27-gauge, 30-mm
needle as a cannula (Nicolet Biomedical, Madison, WI). Elec-
trodes were inserted into the supraspinatus 1.5 cm superior to
the midpoint of the spine of the scapula.23 For the supraspi-
natus muscle, the needle was inserted to the supraspinous fossa
of the scapula. Electrodes were inserted into the muscle belly
of the posterior deltoid 2.5 cm inferior to the posterior margin
of the acromion.23 Electrodes for the middle deltoid were in-
serted into the muscle belly at a point halfway between the tip
of the acromion and the deltoid tubercle.23 A reference surface
electrode was attached above the olecranon.

The inserted wires were attached to bipolar leads of the
MyoSystem 2000. The subject’s shoulder was moved passively
through the available range of motion, and the subject was
instructed to actively elevate and rotate the shoulder. The sub-
ject performed resisted isometric contractions for the supra-
spinatus, middle deltoid, and posterior deltoid. As recom-
mended by Kelly et al,24 we included passive, active, and
resisted movements to ensure subject comfort, to ensure qual-
ity of EMG data, and to fix the wire hooks within each muscle
being tested.
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Figure 1. The full-can exercise. The subject elevates the upper ex-
tremity at approximately 30� of horizontal abduction in the plane
of the scapula and full glenohumeral external rotation.

Figure 2. The empty-can exercise. The subject elevates the upper
extremity at approximately 30� of horizontal abduction in the plane
of the scapula and full glenohumeral internal rotation.

Maximal Voluntary Isometric Contraction

To obtain the maximal voluntary isometric contraction
(MVIC) for each muscle tested, we directed each subject to
perform a series of resisted isometric contractions. For the su-
praspinatus, the shoulder was elevated to 90� in the scapular
plane, the elbow was extended, and the shoulder was in neutral
rotation.25 For the middle deltoid, the arm was abducted to
90� and in neutral rotation (palm down) with resistance applied
just proximal to the elbow in an inferior direction.25 For the
posterior deltoid, the arm was abducted to 90� and in neutral
rotation with resistance applied just proximal to the elbow in
an anterior direction.25

Exercises

All testing was performed in the presence of one of the
investigators (M.M.R.) to ensure proper body positioning
without compensatory movements during data collection. The
subjects performed 3 shoulder rehabilitation exercises in a ran-
domized sequence established before data collection. The ex-
ercises performed were standing elevation in the scapular
plane (30� anterior to the frontal plane) from 0� to 90� with
glenohumeral external rotation, or full can (Figure 1); standing
elevation in the scapular plane from 0� to 90� with glenohu-
meral internal rotation, or empty can (Figure 2); and prone
horizontal abduction at 100� with glenohumeral external ro-
tation, or prone full can (Figure 3). The subject was instructed

to perform the prone full-can exercise to end range of eleva-
tion and to stop when the investigator noted compensatory
motion. Each subject performed 5 repetitions of each exercise.
The speed of each repetition was regulated by a metronome
set to 60 beats/min. The concentric and eccentric phases of
each repetition were performed during 1 beat each. The subject
rested between 3 and 5 minutes after each exercise.

While performing each exercise, the subject held a dumbbell
selected by one of the investigators (M.M.R.). The investigator
determined the dumbbell mass for each subject during a testing
session before the EMG data collection. The dumbbell mass
chosen was the maximal mass that the subject could use during
each exercise while maintaining proper form for 10 repetitions
and maintaining proper cadence (10-repetition maximum).
Mean mass used for each exercise was 1.85 � 0.64 kg for the
full-can and empty-can exercises and 1.53 � 0.53 kg for the
prone full-can exercise.

Data Collection and Processing

Data collection and processing were similar to methods pre-
viously used by Reinold et al,16 who reported their reliability.
Data for each trial were collected at 960 Hz.22 The data were
processed with a 25-Hz high-pass filter, rectified, and
smoothed using a 100-millisecond moving average window.

During the MVIC trials, the subject was instructed to ‘‘ramp
up’’ to maximal effort. The investigator verbally encouraged
the subject to reach and maintain maximal effort while EMG
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Figure 3. The prone full-can exercise. The subject performs prone
horizontal abduction at approximately 100� of glenohumeral ab-
duction and full external rotation.

Electromyographic Activation Expressed as a Percentage of Maximal Voluntary Isometric Contraction for Each Exercise

Muscle

Exercise

Full Can

Mean � SD Range

Empty Can

Mean � SD Range

Prone Full Can

Mean � SD Range

P Value for
Repeated-Measures
Analysis of Variance

Supraspinatus 62 � 40 44–80 63 � 45 44–83 67 � 50 44–89 .807
Middle deltoid 52 � 27 39–65 77 � 44 55–99 63 � 31 48–79 .029*
Posterior deltoid 38 � 32 23–53 54 � 28 41–67 87 � 53 62–111 .001*

*Indicates significant differences among the exercises.

data were collected for 5 seconds. After collecting the data for
each trial, the investigator instructed the subject to relax. The
EMG data during the first and last second of each MVIC trial
were discarded, and the remaining 3 seconds of data were used
for analysis. Peak value then was identified as MVIC.26 Each
muscle was tested once.

The first and fifth repetitions for each exercise were elimi-
nated from the analysis. The peak values of EMG data for
repetitions 2, 3, and 4 were averaged for each muscle. Results
were normalized by expressing the peak EMG value for each
muscle and for each exercise as a percentage of the MVIC of
the corresponding muscle. Thus, the peak EMG values ex-
pressed in percentage of MVIC values for each muscle were
averaged for the subject’s 3 repetitions.

Statistical Analysis

Statistical analysis was performed using SPSS statistical
software (version 10.0; SPSS Inc, Chicago, IL). The EMG
differences among the 3 exercises were tested for statistical
significance (P � .05) using a 1-way repeated-measures anal-
ysis of variance for each muscle. When we found a significant
difference, we used post hoc 2-tailed paired t tests to determine
which values were significantly different. The step-down Bon-
ferroni-Holm adjustment was applied to keep the overall sig-
nificance level at .05.

Power analysis was performed to determine whether the
number of subjects would be sufficient. Assuming that a power
of 0.8 and � level of .05 are desired and the difference of the
means among exercises must be at least 10% of MVIC to be
clinically relevant, at least 20 subjects were needed if the SD
of the difference of means was 15% of MVIC. Thus, the num-
ber of subjects used was a reasonable sample for the differ-
ences expected and of interest.

RESULTS

Results of our study are listed in the Table. The difference
in supraspinatus muscle activity among the full-can, empty-
can, and prone full-can exercises was not statistically signifi-
cant (F2,40 � 0.215, P � .807). For the posterior deltoid, mus-
cle activity among the 3 exercises was significantly different
(F1.33,25.31 � 12.721, P � .001). Post hoc analysis of the pos-
terior deltoid data revealed that muscle activity was signifi-
cantly greater for the prone full-can exercise than for the full-
can (t19 � �3.956, P � .001) and empty-can (t19 � �3.174,
P � .005) exercises and was significantly greater for the emp-
ty-can exercise than for the full-can exercise (t19 � 2.791, P
� .012). The difference in middle deltoid activity among the
3 exercises was statistically significant (F1.29,21.89 � 4.939, P
� .029). Post hoc analysis for the middle deltoid revealed that
muscle activity was significantly greater for the empty-can and
prone full-can exercises than for the full-can exercise (t17 �
2.838, P � .011, and t17 � �2.651, P � .017, respectively).

DISCUSSION

We analyzed and compared the amount of supraspinatus,
middle deltoid, and posterior deltoid activity during all 3 com-
monly recommended exercises and, thus, avoided the limita-
tions of previous studies.14,15,17,18,22 The results of our study
showed that all 3 exercises provided a similar amount of su-
praspinatus activity, ranging from 62% through 67% of MVIC.
However, the full-can exercise demonstrated the lowest
amount of middle and posterior deltoid activity. These results
are similar to those of Kelly et al14 and Malanga et al,15 who
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Figure 4. The resultant force vectors of the shoulder during arm
elevation with the arm in neutral (N), external rotation similar to
the full-can exercise (X) and internal rotation similar to the empty-
can exercise (I). Note the superiorly oriented force vector with in-
ternal rotation at 30� and 60� of elevation.20 Reprinted with permis-
sion from Poppen NK, Walker PS. Forces at the glenohumeral joint
in abduction. Clin Orthop Relat Res. 1978;135:165–170.

Figure 5. The resultant force vectors of the deltoid (A), supraspi-
natus (B), and combined deltoid and supraspinatus (C) during arm
elevation from 30� to 150�. Note the superiorly oriented force vector
of the deltoid (A) from 30�–120� of elevation when simultaneous
supraspinatus activity is not present. The supraspinatus (B) pro-
vides a compressive force that centralizes the humeral head within
the glenoid fossa throughout the range of motion.1 This figure was
published in Rockwood CA, Matsen FA, eds, The Shoulder, Morrey
BF, Itoi, E, An KA, Biomechanics of the shoulder, 233–276, Copy-
right WB Saunders 1998.

reported no difference in supraspinatus activity but less activ-
ity in surrounding muscles during the full-can exercise.

Our results were also similar to the results of a study by
Takeda et al.21 Rather than using EMG, the authors21 used
magnetic resonance imaging to measure changes in T2 relax-
ation time of the rotator cuff and deltoid muscles. The authors
noted that increases in the muscle proton T2 relaxation times
have been shown to have a positive correlation with muscle
activity. They found similar supraspinatus relaxation times be-
tween the empty-can and full-can exercises, with more activity
in surrounding muscles during the empty-can and prone full-
can exercises.

Our results were different from the results of Blackburn et
al12 and Worrell et al,22 who reported that supraspinatus activ-
ity was greater during the prone full-can exercise than during
the empty-can exercise. The differences between our results
and those of other studies12,22 may be related to several fac-
tors, including differences in subjects, EMG method, and sta-
tistical analysis, as well as the limitations of EMG measure-
ments in general. The limited sampling rate and bandwidth in
our study may have affected the absolute magnitudes of the
EMG data but most likely did not affect the comparisons and
overall findings. Our EMG method was similar to the methods
of other researchers.12,14,16 One advantage of our study was
that we analyzed the supraspinatus, middle deltoid, and pos-
terior deltoid muscles during all 3 exercises; thus, the results
may be more useful than the results of previous studies in
which investigators analyzed the muscles and tests individu-
ally.

In a biomechanical report, Poppen and Walker20 showed
that the resultant force vector of the supraspinatus (humeral
compressor and elevator) and the anterior and middle deltoids
(humeral elevators) during glenohumeral elevation with exter-
nal rotation (full can) was oriented in a centralized fashion to
the glenoid fossa (Figure 4). Conversely, a greater superior
shear force vector resulted from glenohumeral elevation with
internal rotation (empty can) at 30� and 60� than from gleno-
humeral elevation with the humerus in neutral or external ro-
tation. The results of our study may help to explain why this

may occur. The higher EMG activity of the middle deltoid
during the empty-can exercise relative to the other 2 exercises
may result in a superiorly directed shear force.

Morrey et al1 showed that the resultant force vector of the
rotator cuff consistently produced a centralizing force that
would aid in producing a compressive force of the humerus
within the glenoid (Figure 5). Conversely, the deltoid exhibited
a superiorly directed force vector from 0� to 90�. Our results
demonstrated increased EMG activity in the middle and pos-
terior deltoids during the empty-can and prone full-can exer-
cises when compared with the full-can exercise.

Activities that produce higher levels of deltoid activity in
relation to supraspinatus activity may be detrimental in pa-
tients with shoulder pain, weakness of the rotator cuff, and
inefficient dynamic stabilization. This is due to the increased
amount of superior humeral head migration that occurs when
the rotator cuff does not adequately compress the humerus
within the glenoid fossa to counteract the superior pull of the
deltoid. This superior humeral head migration may result in
subacromial impingement and may facilitate tendon degener-
ation and eventual failure.

Although we analyzed EMG patterns in asymptomatic pa-
tients, we believe that the full-can exercise may be the most
appropriate exercise to minimize middle deltoid activity while
eliciting supraspinatus activity in symptomatic patients, as
well. Clinically, the superior humeral head migration that may
occur with the empty-can and prone full-can exercises may be
disadvantageous to symptomatic patients with rotator cuff le-
sions or a deficiency in glenohumeral dynamic stabilization.
This partially may explain why the empty-can exercise often
elicits a certain amount of pain and discomfort in patients.

From an anatomical and biomechanical standpoint, the full-
can exercise also may be the most beneficial exercise and pro-
voke the least amount of pain because of the increased amount
of subacromial space6,7,27 and increased moment arm of the
supraspinatus muscle8,9 in this position compared with the
empty-can or prone full-can exercise.

Based on the EMG results of the study, we also suggest
using the full-can exercise for manual muscle testing of the
supraspinatus because it produces minimal muscle activity of
the middle and posterior deltoids relative to the empty-can
exercise. The full-can exercise can be used to test the function
of the supraspinatus with the least amount of surrounding del-
toid muscle activity. The empty-can exercise may be used as
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a provocative test to assess the ability of the rotator cuff to
dynamically stabilize the humeral head and prevent superior
migration and subsequent impingement.

Any EMG study has limitations, including reliability and
validity. Our study represents a common application of EMG
during rehabilitation exercises. Every effort was made to max-
imize the reliability and validity of the results. Our methods
and electrode placement were similar to those of previous
studies.16 During data collection, each subject used proper
form while working at an intensity level consistent with a 10-
repetition maximum trial.

We analyzed the EMG response of these exercises in young,
asymptomatic patients. Future studies should involve groups
of asymptomatic and symptomatic subjects with varied ages
and lesions. Furthermore, we did not assess the role of other
muscle groups, specifically the other rotator cuff muscles. Fu-
ture research may be warranted to assess these muscles and
their contributions to the exercises included in our study.

CONCLUSIONS

Our findings suggest that supraspinatus, middle deltoid, and
posterior deltoid muscle activity is varied based on the position
of the exercise performed. While we noted similar supraspi-
natus muscle activity between exercises, we observed signifi-
cantly greater deltoid activity during the empty-can and prone
full-can exercises. Thus, the full-can exercise may be best to
maximize the amount of supraspinatus activity with the least
amount of deltoid muscle activity.
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