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Study Design: Prospective single-group repeated-measures design.
Objectives: To quantify electromyographic (EMG) muscle activity of the infraspinatus, teres minor,
supraspinatus, posterior deltoid, and middle deltoid during exercises commonly used to strengthen
the shoulder external rotators.
Background: Exercises to strengthen the external rotators are commonly prescribed in rehabilita-
tion, but the amount of EMG activity of the infraspinatus, teres minor, supraspinatus, and deltoid
during these exercises has not been thoroughly studied to determine which exercises would be
most effective to achieve strength gains.
Methods and Measures: EMG measured using intramuscular electrodes were analyzed in 10
healthy subjects during 7 shoulder exercises: prone horizontal abduction at 100° of abduction and
full external rotation (ER), prone ER at 90° of abduction, standing ER at 90° of abduction, standing
ER in the scapular plane (45° abduction, 30° horizontal adduction), standing ER at 0° of
abduction, standing ER at 0° of abduction with a towel roll, and sidelying ER at 0° of abduction.
The peak percentage of maximal voluntary isometric contraction (MVIC) for each muscle
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was compared among exercises using a 1-way
repeated-measures analysis of variance
(P�.05).
Results: EMG activity varied significantly
among the 7 exercises. Sidelying ER produced
the greatest amount of EMG activity for the
infraspinatus (62% MVIC) and teres minor
(67% MVIC). The greatest amount of activity of
the supraspinatus (82% MVIC), middle deltoid
(87% MVIC), and posterior deltoid (88% MVIC)
was observed during prone horizontal abduc-
tion at 100° with full ER.
Conclusions: Results from this study provide
initial information to develop rehabilitation
programs. It also provides information helpful
for the design and conduct of future studies.
J Orthop Sports Phys Ther 2004;34:385-394.

Key Words: dynamic stabilization,
infraspinatus, supraspinatus, teres mi-
nor

The glenohumeral joint
exhibits the greatest
amount of motion of
any articulation in the
human body, conse-

quently little inherent stability is
provided by its osseous configura-
tion.42 Functional stability of the
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shoulder is accomplished through the integrated
functions of the joint capsule, ligaments, and glenoid
labrum, as well as the dynamic stabilization of the
surrounding musculature, particularly the rotator cuff
muscles.2,8,15,37 The rotator cuff musculature main-
tains stability by compressing the humeral head into
the concave glenoid fossa during upper extremity
motion.42

Thus, the rotator cuff muscles play a vital role in
normal arthrokinematics and asymptomatic shoulder
function. The overhead athlete requires the rotator
cuff to maintain an adequate amount of
glenohumeral joint congruency for asymptomatic
function.41 Sufficient strength of the external rotators
(infraspinatus and teres minor), in particular, is
integral during the overhead throwing motion to
develop an approximation force on the upper arm at
the shoulder equal to body weight to prevent joint
distraction.11

Andrews and Angelo1 found that overhead throw-
ers most often present with rotator cuff tears located
from the midsupraspinatus and extending posteriorly
to the midinfraspinatus area, which they believe to be
a result of the force produced to resist distraction,
horizontal adduction, and internal rotation at the
shoulder during arm deceleration. Furthermore,
Walch et al39 documented the undersurface fraying
of the infraspinatus with internal impingement. Thus,
the external rotators are muscles that appear to be
involved in the pathomechanics leading to, or result-
ing from, different shoulder pathologies such as
internal impingement,17,39 joint laxity,8,11,17,36,37 labral
lesions,11,17,36 and rotator cuff lesions,11,29,36 particu-
larly in overhead athletes.40,44

Consequently, many authors5,10,38,40,41,44-46 have ad-
vocated emphasis on shoulder external rotation
strengthening during rehabilitation or athletic condi-
tioning programs to enhance muscular strength and
endurance in overhead athletes. Rehabilitation pro-
grams for specific pathologies, such as rotator cuff
impingement or repair surgery, also emphasize
strengthening of the shoulder external rotators. Fur-
thermore, rotator cuff strengthening exercises are
often incorporated in athletic conditioning programs
for injury prevention and performance enhancement.
The balance between external and internal rotation
strength is important to normal glenohumeral joint
function, especially during athletic activities.42 An
adequate external-internal rotator muscle strength
ratio has been emphasized in the literature.7,10,40,43

Several studies documented the electromyographic
(EMG) activity of the glenohumeral musculature
during specific shoulder exercises.3,5,6,13,22,25,26,28,38,47

Townsend et al38 determined that the best exercise
for the infraspinatus muscle was to perform prone
shoulder horizontal abduction with external rotation
(ER), producing 88% of maximal voluntary isometric
contraction (MVIC), while the most effective exercise

for the teres minor muscle was sidelying ER, produc-
ing 80% MVIC. In a different study comparing ER in
the scapular and frontal planes during isokinetic
testing, Greenfield et al13 suggested that the highest
amount of muscle activity for the external rotators
occur when the shoulder is in the scapular plane.

Ballantyne et al3 compared sidelying ER with ER in
the prone position at 90° of shoulder abduction. The
authors report no significant difference between exer-
cises with approximately 50% EMG activity (mean
EMG was normalized as a percent of the highest
mean value of repetitions) for both the infraspinatus
and teres minor. Conversely, Blackburn et al5 simi-
larly compared the sidelying ER and prone ER
exercises and noted greater activity during prone ER
for the infraspinatus (prone, 80% EMG; sidelying,
30% EMG) and teres minor (prone, 88% EMG; side,
45% EMG). EMG values were normalized in relation
to the maximum amount of EMG activity produced
by each muscle across the test series. Blackburn et al5

also reported high levels of EMG activity of the
infraspinatus (80% EMG) and teres minor (70%
EMG) when performing a prone shoulder horizontal
abduction movement at 90° and 100° of abduction
with full external rotation.

Current trends in rehabilitation have focused more
closely on functional rehabilitation through sport-
specific exercises designed to strengthen the external
rotators in a position that replicates the capsular
strain and muscular length-tension relationships ob-
served during athletic competition, such as external
rotation in the 90° abducted position for overhead
athletes.44-46 In addition, many clinicians have advo-
cated the use of a towel roll placed between the arm
and side of the body while performing external
rotation strengthening to enhance stability and to
increase posterior cuff muscular activation.46 Thus, it
appears that there is controversy regarding the opti-
mal exercises for the external rotators and that many
exercises are being utilized and advocated without
justification based on EMG analysis.

Several authors have analyzed the EMG activity of
the supraspinatus musculature and deltoid muscles to
determine exercises that produce the most
supraspinatus activity with the least deltoid involve-
ment.20,25,35,38,47 This has been theorized to avoid
potential deleterious superior humeral head migra-
tion associated with high deltoid activity.20,35,47 Ana-
tomically, based on the fiber orientation posterior to
the longitudinal axis of rotation, the supraspinatus
and posterior deltoid may be active during the
external rotation movement.21 However, there is a
lack of data regarding the contribution of the
supraspinatus and deltoid musculature during exter-
nal rotation exercises.

The purpose of this investigation was to measure
the normalized EMG activity of the infraspinatus,
teres minor, supraspinatus, and deltoid muscles dur-
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ing a variety of commonly prescribed rehabilitation
exercises to strengthen the shoulder external rota-
tors.

METHODS

Subjects

The participants for this investigation were 5 males
and 5 females (mean age, 28.1 years; age range, 22-38
years). Each volunteered for the study and reported
no history of shoulder injury or instability, nor did
any subjects report a history of shoulder pain. Each
subject signed an informed consent and the rights of
each subject were protected. The research protocol
was approved by the Institutional Review Board of the
American Sports Medicine Institute.

Electrode Insertion

The dominant shoulder of each subject was utilized
for testing. The skin near the electrode insertion sites
was shaved and cleaned with alcohol for testing.
Paired hook wires (44-gauge stainless steel × 100 mm)
were inserted into the supraspinatus, infraspinatus,
teres minor, posterior deltoid, and middle deltoid
using a 27-gauge, 30-mm needle as a cannula (Nicolet
Biomedical, Madison, WI). Ethyl Chloride was
sprayed on the skin at each electrode insertion point
to help minimize the discomfort associated with
electrode insertion. One of the investigators (R.C.C.)
experienced with the use of intramuscular electrodes
and their placement inserted all electrodes. Tech-
nique and location of insertion for all muscles were
performed according to Basmajian and DeLuca,4 and
Perotto.32 Electrode placement was assisted by palpa-
tion and visual localization of the muscle. Electrodes
were inserted into the supraspinatus 1.5 cm superior
to the midpoint of the spine of the scapula.32

Electrodes were placed into the infraspinatus 2.5 cm
inferior to the midpoint of the spine of the scapula.32

Electrodes for the teres minor were inserted at a
point one third of the way between the acromion and
inferior angle of the scapula along the lateral bor-
der.32 Electrode placement for the rotator cuff mus-
culature involved needle insertion until contact was
made with the base of the scapula to assure that
adequate depth was achieved. Electrodes were in-
serted into the posterior deltoid 2.5 cm inferior to
the posterior margin of the acromion.32 Electrodes
for the middle deltoid were inserted at a point half
way between the tip of the acromion and the deltoid
tubercle.32

The inserted wires were then attached to the leads
of the EMG system (Noraxon USA, Scottsdale, AZ).
The subject was then passively moved through their
available range of motion and instructed to actively
move the shoulder joint in internal and external

FIGURE 1. Prone horizontal abduction at 100° with full external
rotation.

FIGURE 2. Prone external rotation at 90° abduction.

rotation at 0°, 45°, and 90° of abduction. Resisted
isometric contractions for each of the muscles were
then performed as described below. Passive, active,
and resisted movements were performed to deter-
mine subject comfort, quality of EMG data, and to fix
the wire hooks within the muscle as recommended by
Kelley et al.19

MVIC

Data collection for each subject began with a series
of isometric contractions selected to obtain the MVIC
of each muscle tested. The position used for the
infraspinatus and teres minor was with the shoulder
at 0° abduction, neutral rotation, and elbow flexed to
90°, with resistance applied just above the wrist to
create shoulder internal rotation.24 The position used
for the supraspinatus was with the shoulder elevated
90° in the scapular plane, elbow extended, and
shoulder externally rotated (thumb up).20 The testing
position for the middle deltoid was with the arm
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FIGURE 3. Standing external rotation at 90° abduction.

FIGURE 4. Standing external rotation in the scapular plane.

abducted to 90° with neutral rotation (palm down)
with resistance applied just proximal to the elbow in
an inferior direction.21 The testing position for the
posterior deltoid was with the arm abducted 90° with
neutral rotation (palm down) with resistance applied
just proximal to the elbow in the anterior direction.21

Exercises

The subjects were then tested for 7 shoulder
rehabilitation exercises performed in random order.
The exercises performed were: prone horizontal ab-
duction at 100° with full ER (Figure 1), prone ER at
90° abduction (Figure 2), standing ER at 90° of
abduction (Figure 3), standing ER in the scapular
plane (ie, 45° abduction, 30° horizontal adduction)24

(Figure 4), standing ER at 0° abduction (Figure 5),
standing ER at 0° abduction with a towel roll placed

between the trunk and elbow (Figure 6), and sidely-
ing ER at 0° of abduction (Figure 7). Each subject
performed 10 repetitions of each exercise. The speed
of the repetitions was regulated by a metronome set
to 60 beats per minute, where each concentric and
eccentric phase was performed during 1 beat. The
subject performed each exercise holding a dumbbell
selected by a physical therapist (T.C.). Dumbbell mass
determination was made based on the maximum
mass that the subject could use while maintaining
proper form for 10 repetitions and maintaining a
proper cadence (10-repetition maximum). This deter-
mination was performed in a testing session con-
ducted prior to the EMG experiment.

Mean (±SD) mass used for each exercise were 2.2 ±
0.8 kg for prone horizontal abduction at 100° with
full ER, 1.9 ± 1.0 kg for prone ER at 90° of
abduction, 3.6 ± 0.9 kg for standing ER at 90° of
abduction, 3.6 ± 1.4 kg for standing ER in the
scapular plane, 7.1 ± 2.7 kg for standing ER at 0°
abduction (same weight was used with and without
towel), and 4.0 ± 1.9 kg for sidelying ER at 0°
abduction.

Data Collection and Processing

For the MVIC trials, the subject was instructed to
‘‘ramp up’’ to maximum effort. The investigator
verbally encouraged the subject to reach and main-
tain maximum effort while EMG data were collected
for 5 seconds. Once data collection was completed
the subject was instructed to relax. EMG data during
the first and last second of each MVIC trial was

FIGURE 5. Standing external rotation at 0° abduction.
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FIGURE 6. Standing external rotation at 0° abduction with a towel
placed between elbow and body.

FIGURE 7. Sidelying external rotation.

discarded and the remaining 3 seconds of data were
used. The data were processed with a 25-Hz high-pass
filter, then rectified, and finally integrated using a
100-millisecond moving average window. Peak value
was then identified as MVIC.48 Each muscle was
tested once.

For the exercise trials, EMG data were collected at
1000 Hz for 10 seconds. Data collection was initiated
after the third repetition. Because the metronome
paced each 10-repetition exercise set to be about 20
seconds, the 10-second data collection captured the 4
middle repetitions (repetitions 4-7). The data were
then normalized by expressing the peak EMG value
for each muscle for each trial as a percentage of the
MVIC of the corresponding muscle. Maximum EMG
expressed in percent MVIC values for each muscle
were averaged for the subject’s 4 repetitions.

Statistical Analysis

Statistical analysis was performed using SPSS 10.0
statistical software (SPSS, Inc., Chicago, IL). An intra-
class correlation coefficient (ICC3,1) was used to
detect same-day test-retest reliability of EMG data
using the values of the 4 trials for analysis. EMG
differences among the exercises were tested for
statistical significance using a separate 1-way repeated-
measures analysis of variance for each muscle. Statisti-
cal significance was set at P�.05. The Tukey test was
used for post hoc analysis to compare specific pairs of
exercises, using P�.05 for the level of significance.

RESULTS

The EMG activity of each muscle (percent MVIC)
during each exercise, the corresponding ICCs, and
the statistically significant findings are listed in Tables
1 through 5. The statistical analysis revealed a statisti-
cally significant difference between some of the
exercises for each muscle tested. Most ICCs were
high, ranging from 0.71 to 0.99, with a mean of 0.92.
The exception was for prone ER at 90° of abduction
for the middle deltoid, with an ICC of 0.45.

DISCUSSION

For all 5 muscles, statistically significant differences
were noted in the amount of EMG activity across the
7 exercises tested.

TABLE 1. Mean (±SD) electromyographic (EMG) activation of
the infraspinatus expressed as a percentage of maximum volun-
tary isometric contraction (MVIC) for 7 shoulder exercises.
Intraclass correlation coefficients (ICC3,1) are also provided.

Exercise* % MVIC ICC

1. Sidelying external rotation at 0° of
abduction

62 ± 13† 0.81

2. Standing external rotation in the
scapular plane (45° abduction, 30°
horizontal adduction)

53 ± 25 0.87

3. Prone external rotation at 90° of ab-
duction

50 ± 23 0.92

4. Standing external rotation at 90° of
abduction

50 ± 25 0.97

5. Standing external rotation at 0° ab-
duction with a towel roll

50 ± 14 0.76

6. Standing external rotation at 0° ab-
duction without a towel roll

40 ± 14 0.86

7. Prone horizontal abduction at 100°
with full external rotation

39 ± 17 0.73

* The 1-way repeated-measures ANOVA indicated a significant main
effect across exercises (F = 3.288, P = .008).
† Exercise 1 is significantly different than exercise 6 (P = .011) and
exercise 7 (P = .008).

J Orthop Sports Phys Ther • Volume 34 • Number 7 • July 2004 389

R
E

S
E

A
R

C
H

R
E

P
O

R
T

Jo
ur

na
l o

f 
O

rt
ho

pa
ed

ic
 &

 S
po

rt
s 

Ph
ys

ic
al

 T
he

ra
py

®
 

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.jo

sp
t.o

rg
 a

t o
n 

A
pr

il 
4,

 2
01

4.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 N
o 

ot
he

r 
us

es
 w

ith
ou

t p
er

m
is

si
on

. 
 C

op
yr

ig
ht

 ©
 2

00
4 

Jo
ur

na
l o

f 
O

rt
ho

pa
ed

ic
 &

 S
po

rt
s 

Ph
ys

ic
al

 T
he

ra
py

®
. A

ll 
ri

gh
ts

 r
es

er
ve

d.



TABLE 2. Mean (±SD) electromyographic (EMG) activation of
the teres minor expressed as a percentage of maximum volun-
tary isometric contraction (MVIC) for 7 shoulder exercises.
Intraclass correlation coefficients (ICC3,1) are also provided.

Exercise* % MVIC ICC

1. Sidelying external rotation at 0° of
abduction

67 ± 34† 0.87

2. Standing external rotation in the
scapular plane (45° abduction, 30°
horizontal adduction)

55 ± 30 0.79

3. Prone external rotation at 90° of ab-
duction

48 ± 27 0.97

4. Standing external rotation at 0° ab-
duction with a towel roll

46 ± 21 0.90

5. Prone horizontal abduction at 100°
with full external rotation

44 ± 25 0.97

6. Standing external rotation at 90° of
abduction

39 ± 13 0.97

7. Standing external rotation at 0° ab-
duction without a towel roll

34 ± 13 0.90

* The 1-way repeated-measures ANOVA indicated a significant main
effect across exercises (F = 3.726, P = .004).
† Exercise 1 is significantly different than exercise 6 (P = .014) and
exercise 7 (P = .003).

TABLE 3. Mean (±SD) electromyographic (EMG) activation of
the supraspinatus expressed as a percentage of maximum volun-
tary isometric contraction (MVIC) for 7 shoulder exercises.
Intraclass correlation coefficients (ICC3,1) are also provided.

Exercise* % MVIC ICC

1. Prone horizontal abduction at 100°
with full external rotation

82 ± 37† 0.97

2. Prone external rotation at 90° of ab-
duction

68 ± 33‡ 0.97

3. Standing external rotation at 90° of
abduction

57 ± 32 0.94

4. Sidelying external rotation at 0° of
abduction

51 ± 47 0.89

5. Standing external rotation at 0° ab-
duction with a towel roll

41 ± 37 0.71

6. Standing external rotation at 0° ab-
duction without a towel roll

41 ± 38 0.94

7. Standing external rotation in the
scapular plane (45° abduction, 30°
horizontal adduction)

32 ± 24 0.93

* The 1-way repeated-measures ANOVA indicated a significant main
effect across exercises (F = 8.802, P�.001).
† Exercise 1 is significantly different than exercises 4 (P = .008), 5, 6,
and 7 (P�.001).
‡ Exercise 2 is significantly different than exercises 5, 6 (P = .005),
and 7 (P = .002).

Infraspinatus and Teres Minor

EMG activity across the 7 exercises varied from
62% MVIC to 39% MVIC for the infraspinatus and
from 67% MVIC to 34% MVIC for the teres minor.
Based on the statistical analysis, a greater percent
MVIC was generated in the infraspinatus while per-
forming sidelying ER at 0° abduction, as compared to
standing ER at 0° abduction without a towel roll (P =
.011) and prone horizontal abduction at 100° with

full ER (P = .008). Similarly, a statistically greater
percent MVIC was generated for the teres minor
while performing sidelying ER at 0° abduction, as
compared to standing ER at 90° abduction (P = .014)
and standing ER at 0° without a towel roll (P = .003).
Therefore, these data would support the hypothesis
that to specifically strengthen both muscles, sidelying
ER at 0° abduction should be favored over the other
3 exercises.

Despite the differences in EMG values measured
for the first 5 exercises in Tables 1 and 2, varying
from 62% to 50% for the infraspinatus and 67% to
44% for the teres minor, the statistical analysis
showed no significant differences among these exer-
cises, which suggests that all 5 exercises may have
similar strengthening effects. However, this lack of
statistical significance needs to be interpreted with
caution because it is likely due to this study’s limited
number of subjects. Consequently, further studies are
needed to establish if statistically or clinically signifi-
cant differences exist across these exercises.

Activity of the infraspinatus (39%) and teres minor
(44%) were low to moderate during prone horizontal
abduction with external rotation. This was different
than the results of Townsend et al,38 which showed
high activity of the infraspinatus (88%) during this
exercise. The difference between studies is most likely
due to methodological differences. Although
Townsend et al38 used methods similar to those of
the current study with indwelling EMG, they did not
report the positioning or procedure for obtaining
their MVIC, making comparison between the studies
difficult.

Supraspinatus and Deltoid

The greatest activity for the supraspinatus (82%)
and deltoid muscles (posterior, 88% MVIC; middle,
82% MVIC) were observed during prone horizontal
abduction at 100° of abduction and full ER. This was
consistent with the data from Worrell et al,47 Malanga
et al,25 and Blackburn et al,5 who also showed high
activity level of these muscles during this exercise.

The supraspinatus and deltoid muscles showed
activity throughout each external rotation exercise.
High activity of the supraspinatus, middle, and poste-
rior deltoid were observed during prone and stand-
ing external rotation at 90° of abduction. The high
activity during the exercises at 90° abduction may be
in part due to the need to stabilize the upper
extremity in the 90° abduction position while per-
forming the external rotation movement. The finding
of supraspinatus activity in our study is consistent with
Kronberg et al,22 who noted approximately 50%
activity of the supraspinatus during the external
rotation movement.
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Clinical Implications

Exercises designed to strengthen the rotator cuff
with minimal deltoid involvement are often desired to
minimize the amount of superior humeral head
migration, thus reducing the chance of subacromial
impingement.20,25,35,47 In this study, the high amount
of middle (82%) and posterior deltoid (88%) EMG
activity during prone horizontal abduction at 100°
may make this exercise disadvantageous to patients
who have pathology affecting the rotator cuff’s ability
to provide dynamic stabilization or who suffer from
or are at risk of subacromial impingement.

Furthermore, in general, exercises in the scapular
plane or at 0° abduction showed significantly less
middle and posterior deltoid activity than those at
90° abduction. It is our hypothesis that during
external rotation at 90° abduction, the high amount
of middle deltoid activity may provide an assistive
compressive force rather than superior humeral head
migration due to the muscle tissue alignment and
resultant force vectors.33 Poppen and Walker33 have
shown that at 90° abduction, the resultant force
vector of the deltoid and rotator cuff muscles pro-
duces a centralized compressive force of the humeral
head within the glenoid fossa, rather than purely a
superior-oriented vector. Similarly, we could postulate
that the slightly higher EMG activity of the posterior
deltoid during ER at 90° may function to provide a
compressive force as well as assist in external rotation.

The moderate activity of all muscles tested during
ER at 90° of abduction (both prone and standing)
supports the use of these exercises to simulate the
position of athletic competition when a sport-specific
position is desired in the rehabilitation of overhead
athletes. Exercise performed in the 90°-abducted
position, either standing or prone, replicates the
shoulder position, capsular strain, and muscle fiber
length-tension relationships observed in sporting ac-
tivities, making strength gains in this position advan-
tageous.11,12,41,44 In this position, the glenohumeral
and scapulothoracic musculature function to provide
joint movement and dynamic stabilization simulta-
neously.

While standing external rotation at 90° abduction
may have a functional advantage over 0° of abduction
and in the scapular plane due to the close replication
of this position in sporting activities, the combination
of abduction and external rotation places strain on
the shoulder’s capsule, particularly the anterior band
of the inferior glenohumeral ligament.30,42 When the
arm is not in an abducted position, ER places less
strain on this portion of the joint capsule. Therefore,
although muscle activity was low to moderate during
ER at 0° of abduction, this rehabilitation exercise may
be worthwhile when strain of the inferior
glenohumeral ligament complex is of concern.

TABLE 4. Mean (±SD) electromyographic (EMG) activation of
the middle deltoid expressed as a percentage of maximum vol-
untary isometric contraction (MVIC) for 7 shoulder exercises.
Intraclass correlation coefficients (ICC3,1) are also provided.

Exercise* % MVIC ICC

1. Prone horizontal abduction at 100°
with full external rotation

82 ± 32† 0.95

2. Standing external rotation at 90° of
abduction

55 ± 23‡ 0.99

3. Prone external rotation at 90° of ab-
duction

49 ± 15§ 0.45

4. Standing external rotation in the
scapular plane (45° abduction, 30°
horizontal adduction)

38 ± 19 0.81

5. Sidelying external rotation at 0° of
abduction

36 ± 23 0.97

6. Standing external rotation at 0° ab-
duction with a towel roll

11 ± 6 0.96

7. Standing external rotation at 0° ab-
duction without a towel roll

11 ± 7 0.94

* The 1-way repeated-measures ANOVA indicated a significant main
effect across exercises (F = 13.444, P�.001)
† Exercise 1 is significantly different than exercises 2 (P = .046), 3 (P
= .043), 4, 5, 6, and 7 (P�.001).
‡ Exercise 2 is significantly different than exercises 6 (P = .007) and 7
(P�.001).
§ Exercise 3 is significantly different than exercises 6 (P = .017) and 7
(P = .002).

TABLE 5. Mean (±SD) electromyographic (EMG) activation of
the posterior deltoid expressed as a percentage of maximum
voluntary isometric contraction (MVIC) for 7 shoulder exercises.
Intraclass correlation coefficients (ICC3,1) are also provided.

Exercise* % MVIC ICC

1. Prone horizontal abduction at 100°
with full external rotation

88 ± 33† 0.90

2. Prone external rotation at 90° of ab-
duction

79 ± 31‡ 0.96

3. Standing external rotation at 90° of
abduction

59 ± 33§ 0.95

4. Sidelying external rotation at 0° of
abduction

52 ± 42� 0.84

5. Standing external rotation in the
scapular plane (45° abduction, 30°
horizontal adduction)

43 ± 30 0.98

6. Standing external rotation at 0° ab-
duction with a towel roll

31 ± 27 0.92

7. Standing external rotation at 0° ab-
duction without a towel roll

27 ± 27 0.93

* The 1-way repeated-measures ANOVA indicated a significant main
effect across exercises (F = 12.433, P�.001).
† Exercise 1 is significantly different than exercises 3 (P = .046), 4
(P = .005), 5, 6, and 7 (P�.001).
‡ Exercise 2 is significantly different than exercises 6 and 7 (P�.001).
§ Exercise 3 is significantly different than exercises 6 (P = .007) and 7
(P = .005).
� Exercise 4 is significantly different than exercises 6 (P = .038) and 7
(P = .047).

Sidelying ER at 0° abduction may be a better
choice than standing ER with the arm at the side;
while both include ER with 0° of abduction, all 5
muscles demonstrated higher activity during sidelying
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ER. This could possibly be due to a greater effect of
gravity observed when performing ER in the sidelying
position. This was similar to the results of Townsend
et al38 and Ballantyne et al,3 but differed from the
results of Blackburn et al,5 who reported greater
activity of the infraspinatus and teres minor during
prone ER. No significant differences between sidely-
ing ER and prone ER were observed in the present
study. Initially, the sidelying position may be a better
choice than the prone position when protection of
the glenohumeral ligaments is warranted, progressing
to incorporate prone and standing ER at 90° abduc-
tion when protection of the capsuloligamentous tis-
sue is not warranted and strengthening and dynamic
stabilization with the shoulder in a sport-specific
position is desired.

Theoretically, ER in the scapular plane at 45° of
abduction and 30° of horizontal adduction may be a
beneficial shoulder ER exercise, as it offers a compro-
mise between the functional benefit of ER at 90° of
abduction and the reduced capsular strain of ER at
0° of abduction.42 The scapular plane positions the
muscles of the glenohumeral joint in their optimal
alignment and length-tension relationship to provide
dynamic stabilization. Furthermore, because the long
axis of the humerus intersects near the center of the
glenoid fossa of the scapula when the arm is in this
position, humeral head translation during ER may be
minimized.42 The infraspinatus (53% MVIC) and
teres minor (55% MVIC) were particularly active
during ER in the scapular plane, consistent with the
results of Greenfield.13

Theoretically, ER at 0° of abduction with a towel
roll provides both low capsular strain and low activity
of the muscles that adduct the arm to hold the towel.
Our clinical experience has shown that adding a
towel roll to the external rotation exercise provides
assistance to the patient by keeping the elbow to the
side, ensuring that proper technique is observed
without shoulder abduction and muscle substitution
of the deltoid. In this study, while the use of a towel
roll resulted in greater activation of the infraspinatus
and teres minor, these differences were not statisti-
cally significant. Also, activity of the middle and
posterior deltoid was similar between the 2 exercises.
Despite the lack of significant findings, we have
clinically incorporated the use of a towel roll during
external rotation at 0° of abduction.

Limitations
There are several limitations to EMG studies, in-

cluding reliability and validity concerns. This study
represents a common application of EMG during
rehabilitation exercises and was as reliable and valid
as possible using this mode of objective research. The
results of our study may be influenced by improper
electrode placement and submaximal effort by the
patient. Our electrode placement was similar to that

of previous studies.3-5,19,20,25,32,38,47 During data col-
lection each subject was working at an intensity level
consistent with a 10-repetition maximum trial.

While we found statistically significant differences
across the 7 exercises for all 5 muscles, the lack of
additional differences between exercises, in particular
for the infraspinatus and teres minor, may have been
due to the low number of subjects and large standard
deviations. Accordingly, this lack of statistical differ-
ence between exercises should be interpreted with
caution in light of the likely low statistical power.
Therefore, for some of our comparisons, our findings
of no statistical difference may be related to low
power rather than an actual lack of difference be-
tween exercises.14,23 The descriptive results (mean
and standard deviation) of this study may be a
starting point when designing rehabilitation pro-
grams. Future research should consider using these
data to estimate appropriate sampling size.

Furthermore, the current study analyzed the EMG
response of these exercises in young asymptomatic
patients, using dumbbells. Future studies involving
groups of asymptomatic and symptomatic subjects,
with varied ages and pathologies such as instability or
subacromial impingement, and with different types of
resistance (ie, resistive elastic bands) should be per-
formed.

CONCLUSION

Muscle activity patterns from this study can help
clinicians choose the exercises that best fit their
objectives. Based on the results of this study, EMG
activity varied based on the arm position during
exercise. The exercise that produced the greatest
amount of EMG activity of the infraspinatus and teres
minor was sidelying ER. Prone horizontal abduction
at 100° with full ER produced maximum muscle
activity of the supraspinatus, middle deltoid, and
posterior deltoid muscles. Considerations when select-
ing external rotation exercises may be made based on
the amount of infraspinatus and teres minor activity
as well as the amount of desired concomitant activity
of the supraspinatus and deltoid musculature.
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