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Electromyographic analysis of select eccentric-focused rotator cuff exercises
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ABSTRACT

Background: Eccentric-focused rotator cuff exercises are clinically useful in rehabilitation; however,
to what extent these exercises activate shoulder musculature is unknown.
Purpose: Investigate peak electromyographic (EMG) activity of shoulder musculature during
eccentric-focused rotator cuff exercises to inform clinical decision-making.
Methods: Surface EMG activity was measured in 15 healthy subjects from 5 muscles of the
dominant shoulder: supraspinatus, infraspinatus, upper trapezius, lower trapezius, and middle
deltoid. Subjects performed 5 exercises: short-to-long scaption, sit-to-stand scaption, standing
external rotation (ER), sidelying ER, and sidelying horizontal adduction. The effects of exercise
and muscle on peak EMG activity were analyzed using two-way repeated-measures ANOVA and
followed with post-hoc pairwise comparisons.
Results: Significant exercise-by-muscle interaction effect was found (p < .001). Short-to-long and
sit-to-stand scaption elicited higher activity in supraspinatus and middle deltoid compared to other
exercises (p < .05); however, no effect of muscle was found for these exercises (p > .05). Infraspinatus
and lower trapezius demonstrated higher activity compared to other muscles during standing ER,
sidelying ER, and sidelying horizontal adduction (p < .05).
Conclusion: Eccentric-focused exercises sufficiently activate the rotator cuff and is effective for use
in rehabilitation. Caution must be taken as some exercises do not target specific musculature.
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Introduction
Rotator cuﬀ disease is a common injury, which significantly impacts an individual’s function and healthrelated quality of life (MacDermid et al., 2004; Seitz et
al., 2011). Prevalence of rotator cuﬀ disease increases
with age, exceeding 50% in people over the age of
60 years (Milgrom, Schaﬄer, Gilbert, and van
Holsbeeck, 1995; Teunis, Lubberts, Reilly, and Ring,
2014). Intrinsic tendon degeneration and extrinsic
mechanical overload have been implicated in the etiology of rotator cuﬀ disease (Seitz et al., 2011). Regardless
of the initial mechanism of injury, patients with rotator
cuﬀ disease present with weakness in the rotator cuﬀ
muscles (Leroux et al., 1994; MacDermid et al., 2004;
Tyler, Nahow, Nicholas, and McHugh, 2005; Warner et
al., 1990). This weakness may be caused by pain-driven
neuromuscular inhibition and structural deterioration
(e.g. muscle atrophy and fatty infiltration) of the muscle
(Chaudhury et al., 2012). This muscle weakness, in turn,
is thought to create instability in the glenohumeral joint,
leading to further mechanical impingement, superior
migration of the humeral head, and joint degeneration
(Chen et al., 1999; Royer et al., 2009). In eﬀect, this
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sequence of phenomena creates a vicious cycle that
leads to progressive worsening of the patient’s symptoms and function.
Strengthening exercises for the rotator cuﬀ are
important in addressing impairments and improving
function for patients with rotator cuﬀ disease.
Traditionally, isotonic (i.e., concentric and eccentric
contractions) exercise has been the mainstay of rotator
cuﬀ rehabilitation. More recently, rehabilitation focusing on eccentric exercise has gained traction (McDevitt
et al., 2020; Ortega-Castillo and Medina-Porqueres,
2016; Valier, Averett, Anderson, and Welch Bacon,
2016; Valles-Carrascosa et al., 2018). Emphasis on
eccentric exercise is based on two main theoretical
bases: 1) eccentric exercise is a potent stimulus for
muscle hypertrophy; and 2) eccentric exercise has
been shown to induce positive changes in structural
properties and improve symptoms and function in
patients with tendinopathy. Empiric evidence suggest
that training with eccentric exercise leads to greater
gains in muscle mass and strength, and increases
recruitment of type II muscle fibers, compared to
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concentric exercise (Franchi, Reeves, and Narici, 2017;
Guilhem, Cornu, and Guevel, 2010; Hortobagyi et al.,
1996; Vogt and Hoppeler, 2014). These unique benefits
of eccentric exercise are particularly important when
applied to rotator cuﬀ disease, which involves muscle
atrophy and fatty infiltration (Goutallier et al., 2003;
Kim et al., 2010). Eccentric exercise has also been
shown to: increase type I collagen synthesis
(Langberg et al., 2007); improve collagen fiber orientation (Ohberg, Lorentzon, and Alfredson, 2004); reduce
tendon neovascularity (Kongsgaard et al., 2009;
Ohberg and Alfredson, 2004); and improve tendon
mechanical properties, such as stiﬀness (Morrissey et
al., 2011), in patients with various types of tendinopathy. These data further support the use of eccentricfocused exercise for rotator cuﬀ disease, which is
known to involve intrinsic tendon degeneration (Seitz
et al., 2011).
Eccentric-focused exercise has been applied to the
treatment of rotator cuﬀ disease with several studies
showing clinical benefit (Bernhardsson, Klintberg, and
Wendt, 2011; Camargo et al., 2012; Chaconas et al.,
2017; Holmgren et al., 2012; Jonsson, Wahlstrom,
Ohberg, and Alfredson, 2006). Holmgren et al. (2012)
demonstrated that a 12-week eccentric exercise program
was superior to a general exercise program in improving
shoulder function, reducing pain, improving healthrelated quality of life, and resulting in a lower proportion
of patients proceeding to undergo surgery in patients
with impingement syndrome. These previous studies
have included a wide variety of eccentric exercises in
their exercise programs. To date, there is no empiric
evidence demonstrating levels and patterns of shoulder
muscle activation during the performance of eccentricfocused rotator cuﬀ exercises. Specifically, it is unknown
whether supraspinatus and infra-spinatus muscles are
activated at suﬃcient levels during eccentric phases of
exercises designed to focus on the benefits of eccentric
contraction. Also, it is unknown whether these exercises
target these rotator cuﬀ muscles specifically or they
generally activate shoulder girdle muscles, including
those which clinicians may want to inhibit during
shoulder movement. Therefore, the purpose of this
research study was to demonstrate which specific
eccentric-focused rotator cuﬀ exercises produce the
highest electromyographic (EMG) activity in shoulder
muscles. Select rotator cuﬀ muscles (i.e. supraspinatus
and infraspinatus) were studied to elucidate the extent of
recruitment of the muscles targeted in the exercises.
Other muscles of the shoulder girdle were also studied
to provide evidence for involvement of these muscles in
scapular stabilization (lower trapezius) or compensation
(upper trapezius and deltoid) during these exercises.

This knowledge would help guide clinicians in selecting
specific eccentric exercises to maximize eﬀectiveness of
rehabilitation.

Methods
Participants
Fifteen healthy participants (4 women and 11 men; age
33 ± 12 years) without shoulder pathology in the preceding 6 months were included in the study. This was a
convenience sample recruited from the community.
Inclusion criteria were healthy individuals 18 to
65 years of age who were able to read and follow directions in English. Individuals were excluded from admission into this study if they had a diagnosed shoulder
pathology or shoulder symptoms in the preceding
6 months, history of neuromuscular disease or injury,
allergy to adhesive electrodes, or if they were pregnant.
Prior to participating in the study, each participant
signed the consent form approved by the ethics committee of Northwell Health (IRB# HS16-0201).
Instrumentation
Surface EMG electrodes were attached to each participant’s skin on the side of the dominant arm, over 5
muscles: supraspinatus, infraspinatus, upper trapezius,
lower trapezius, and middle deltoid. Out of the four
muscles composing the rotator cuﬀ, supraspinatus and
infraspinatus were selected for study because most
cases of rotator cuﬀ disease involve the tendons of
these two muscles and subscapularis muscle is diﬃcult
to study with surface EMG (McCrum, 2020). Before
electrode attachment, each participant’s skin was prepared by shaving, cleaning with an alcohol pad, and
lightly abrading with sandpaper. Disposable Ag/AgCl
passive dual electrodes (2.0 cm inter-electrode distance; Noraxon, Scottsdale, AZ, USA) were placed
over the 5 muscles at previously described sensor
placement locations (Waite, Brookham, and
Dickerson, 2010). Surface EMG data were sampled at
1000 Hz using a 16-channel BTS FREEEMG 1000
system (CMRR: >110 dB at 50–60 Hz; input impedance: >10 GΩ; BTS Bioengineering, Quincy,
MA, USA).
Maximal voluntary contractions (MVC) were performed for the 5 muscles to allow normalization of
EMG data. Each subject performed 5 diﬀerent muscle
contractions, while EMG data were collected, according
to standard manual muscle testing procedures (Kendall
et al., 2014). The subject was instructed to exert maximal
eﬀort with a researcher providing manual resistance to
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Figure 1. Short-to-long scaption exercise. Holding a dumbbell, elbow is flexed (A). Elbow is extended and arm is raised, as if “punching
toward the ceiling” (B). With the elbow extended, arm is slowly lowered.

Figure 2. Sit-to-stand scaption exercise. With both feet anchoring down the resistance band and hands holding both ends, arms are
elevated in scapular plane to shoulder height (A). With arms maintained at shoulder height, tension is put on the resistance band by
standing up (B). Arms are lowered slowly (C).
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Figure 3. Standing external rotator (ER) exercise. With a resistance band anchored to the side and other end held in hand, elbow flexed
at right angle, contralateral hand is used to assist the involved shoulder to move into maximal external rotation (A). The eccentric
internal rotation movement is slowly controlled by using only the involved arm (B).

Figure 4. Sidelying ER exercise. In sidelying position, involved shoulder on top, holding a dumbbell in hand, contralateral hand is used
to assist the involved shoulder to move into maximal external rotation (A). The eccentric internal rotation movement is slowly
controlled by using only the involved arm (B).

Figure 5. Sidelying horizontal adduction exercise. Starting position is sidelying with involved shoulder on top, holding a dumbbell in
hand, elbow extended, and arm in neutral abduction (A). The arm is abducted to 90 degrees (B). The arm is slowly moved into
horizontal adduction down to neutral position (C), then extended to return to the start position.
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overcome the subject’s eﬀort and “break” the subject’s
limb from isometric position, to incorporate an
eccentric contraction.
Eccentric-focused exercises
Five diﬀerent isolated eccentric exercises were tested in
this study: 1) short-to-long scaption (Figures 1 and 2)
sit-to-stand scaption (Figures 2 and 3) standing external
rotator (ER; Figures 3 and 4) sidelying ER (Figures 4 and
5) sidelying horizontal adduction (Figure 5)
(Bernhardsson, Klintberg, and Wendt, 2011; Chaconas
et al., 2017; Holmgren et al., 2012; Maenhout et al.,
2013). Dumbbell was used as resistance for standing
scaption, sidelying ER, and horizontal adduction exercises, and resistance band was used for standing ER and
sit-to-stand scaption exercises. Each subject was
instructed to practice each exercise prior to data collection and select a resistance level that elicited a 5 out of 10
rating of perceived exertion on the Borg CR10 Scale
(Borg, 1998). Perceived exertion rating was selected to
standardize resistance across exercises because two different modes of resistance were used. Rating of perceived exertion using the Borg CR10 scale has been
shown to have moderate to strong correlation with
peak EMG activity across resisted exercises using dumbbells and elastic bands (Andersen et al., 2010).
After practice and setting of the resistance level, each
participant performed 5 repetitions of the 5 eccentric
exercises. Order was randomized using a random number generator. The pace of movement during each exercise was standardized to 5 s for each phase of movement
(concentric and eccentric) and each participant was
asked to follow a metronome set to 12 bpm. Surface
EMG data were collected continuously during each exercise. Consistency in exercise range of motion was
emphasized through visual inspection of movement
and verbal feedback. Based on visual observation, each
repetition was separated into the concentric and
eccentric phases by inserting a pulse into the EMG
recordings.
Data processing and analysis
The collected EMG data were high-pass filtered at 10 Hz
to eliminate motion artifact and full-wave rectified and
smoothed using a root mean square calculation with a
100-milisecond window. Peak EMG activity for each
muscle during the eccentric phase of each repetition of
each exercise was identified. A point of peak amplitude
occurred in close to the middle of the exercise range of
motion for each muscle during all exercises, except for
the sidelying horizontal adduction exercise. Mean
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activation level in the 500-millisecond window about
the peak was calculated and averaged over the 5 repetitions for each exercise. This mean peak activity was
normalized to the maximum EMG activity of the corresponding muscle during MVC and expressed as a percent (Orishimo and McHugh, 2015).
Descriptive statistics were calculated for participant
characteristics and mean normalized peak muscle activity for each muscle and exercise. Eﬀects of type of exercise and muscle on mean normalized peak muscle
activity were analyzed using two-way (exercise x muscle)
repeated-measures ANOVA. A significant interaction
eﬀect was followed by post-hoc pairwise comparisons
to identify simple main eﬀects of one factor at every level
of the other factor. Bonferroni corrections were made to
account for multiple comparisons and familywise level
of significance was set at p = .05. All statistical analyses
were performed using IBM SPSS Statistics 24 (IBM
Corp, Armonk, NY, USA).

Results
Mean normalized peak muscle activity values for all
muscles and exercises are presented in (Table 1). There
was a significant exercise by muscle interaction eﬀect (p
< .001). Post-hoc pairwise comparisons revealed significant simple main eﬀects, which are also listed in
(Table 1).

Discussion
The principal findings of this study were that short-tolong scaption and sit-to-stand scaption exercises eﬀectively activated the supraspinatus muscle; however, these
exercises also involved high activities in the other muscles tested, including upper trapezius. Standing ER and
sidelying ER exercises were eﬀective at specifically activating the infraspinatus and lower trapezius muscles
over and above other muscles of the shoulder girdle.
The horizontal adduction exercise eﬀectively activated
the infraspinatus, lower trapezius, and middle deltoid
muscles. These results may guide rehabilitation professionals in selecting appropriate exercises and loads to
target specific rotator cuﬀ exercises for their patients.
When the nature of movements involved and the
direction of resistance are considered, it is intuitive that
the scaption exercises activated the supraspinatus muscle
more than the other exercises and the ER exercises activated the infraspinatus muscle more than the other exercises. Supraspinatus and deltoid muscles elevate the arm
in the scapular plane (i.e., scaption), whereas infraspinatus and teres minor muscles are responsible for externally
rotating the arm (Moore, 2018). Important factors in
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For standing ER and sidelying ER exercises, pairwise
comparisons to analyze the eﬀects of muscle revealed that
the infraspinatus and lower trapezius were significantly
more activated compared to other muscles. This means
that the standing ER and sidelying ER exercises specifically targeted the infraspinatus and lower trapezius.
Selection of therapeutic exercises which specifically target
the posterior rotator cuﬀ and scapular depressor muscles,
such as the infraspinatus and lower trapezius, respectively,
are desired in shoulder rehabilitation (McCabe,
Orishimo, McHugh, and Nicholas, 2007). This current
study supports the use of standing ER, sidelying ER, and
sidelying horizontal adduction exercises, as these were
found to elicit significantly greater infraspinatus and
lower trapezius activity over other muscles.
Applying these eccentric exercises to patients with
rotator cuﬀ disease has potential to provide unique
clinical benefits. Loading the rotator cuﬀ muscletendon unit may bring about structural and mechanical
improvements to diseased rotator cuﬀ tendons that typically exhibit disorganized collagen, altered extracellular
matrix, neovascularity, and micro- or macroscopic tears
(Seitz et al., 2011). Eccentric exercise has been shown to
positively impact other peripheral tendons (Langberg et
al., 2007; Ohberg and Alfredson, 2004; Ohberg,
Lorentzon, and Alfredson, 2004). Moreover, eccentric
exercise is more eﬀective than concentric exercise in
activating high-threshold, type II motor units and inducing muscle hypertrophy (Franchi, Reeves, and Narici,
2017; Guilhem, Cornu, and Guevel, 2010; Hortobagyi et
al., 1996). Given the high prevalence of fatty atrophy in
rotator cuﬀ disease (Chaudhury et al., 2012; Kim et al.,
2010), eccentric exercise may provide potential for muscle remodeling in patients with rotator cuﬀ disease.
To further validate the use of eccentric exercise for
patients with rotator cuﬀ disease, future studies may be
designed to investigate the training eﬀects of eccentric
rotator cuﬀ exercises on muscle volume, muscle quality,
and tendon structure. Wide availability of ultrasound imaging may be useful in detecting changes in these measures
from before to after an eccentric exercise regimen.
This research study had several limitations. First,
data were collected from healthy participants without
shoulder pathology. The presence of shoulder pathology may alter EMG patterns. A future study involving patients with known shoulder pathology is
warranted to validate these eccentric exercises for
use with patients. Secondly, signal crosstalk, particularly between overlying muscles, such as supraspinatus and upper trapezius, could not be completely
avoided with the use of surface EMG. When the
peak supraspinatus and upper trapezius EMG activity
values during MVC were compared, there was a
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significant diﬀerence (paired-samples t-test, p
< .001). This shows that the surface EMG of supraspinatus and upper trapezius could be distinguished
despite the possibility of signal crosstalk. Further, use
of surface EMG was selected for this study so that
overall activity could be studied for each muscle,
rather than sampling from a small portion of a muscle as it would be the case if fine-wire EMG was used
(Waite, Brookham, and Dickerson, 2010). Lastly, only
EMG data during eccentric phases of exercises were
analyzed. No conclusions can be drawn from the
current analysis about comparison between concentric and eccentric phases of these exercises, as
well as the eﬀects of muscle activation on tension
through the tendon. Analysis of only the eccentric
phase was chosen in this study because the exercises
analyzed were designed to focus on the eccentric
phase. Future studies using in-vivo, dynamic ultrasound imaging may further clarify mechanical eﬀects
of eccentric-focused exercises on rotator cuﬀ tendons.

Conclusion
The results of this research study demonstrated that
eccentric rotator cuﬀ exercises are eﬀective at activating
their target muscles. Specifically, short-to-long scaption
and sit-to-stand scaption exercises target the supraspinatus muscle and standing ER and sidelying ER exercises target the infraspinatus muscle. The results on
supraspinatus muscle activity must be taken with caution, as surface EMG used in this study does not measure specifically from this muscle. Rehabilitation
professionals may use these exercises to provide optimal
eccentric loading of rotator cuﬀ muscles and tendons for
patients with rotator cuﬀ disease.
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