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| Abstract |

PURPOSE: This study was conducted to investigate effects
of shoulder adduction load on rotator cuff muscles, including
the infraspinatus, during the external rotation exercise of
shoulder.

METHODS: This study investigated 16 healthy university
students from Daegu University. Before the study started,
all participants understood the content of this study. They
signed an informed consent form. Five electrodes for surface
electromyography (sEMG) were attached to their
infraspinatus, middle deltoid, posterior deltoid, upper trapezius
and pectoralis major. The participants then underwent the
shoulder external rotation exercise with the shoulder
adduction at three loads (0 mmHg, 20 mmHg and 40 mmHg)
that were controlled using a stabilizer Pressure Bio-

feedback™ device. The surface electrodes recorded the
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electromyographic data during the external rotation exercise
of shoulder.

RESULTS: The infraspinatus was most activated when the
shoulder adduction pressure was 40 mmHg during the
external rotation exercise of shoulder. The infraspinatus
activation significantly increased when the shoulder
adduction pressure intensity increased, while the middle
deltoid activation and the posterior deltoid activation
significantly decreased (p<.05).

CONCLUSION: In conclusion, increases in shoulder
adduction load intensity during shoulder external rotation
exercises can have a positive effect on the infraspinatus,
which consists of rotator cuff muscles, with minimal activity

in the middle and posterior deltoid.

Key Words: Adduction load, Electromyography, Rotator
cuff, Shoulder

I. Introduction

Very common shoulder disorder with a point prevalence
rate of 7% to 66.7% [1], is associated with a substantial
functional limitation with an increase similar to age.

Shoulder pain, impairment and disability are common due
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to rotator cuff dysfunction [2]. Occurring between athletes
of repetitive overhead movement sports, this is the most
common musculoskeletal problem [3] and chronic shoulder pain,
which accounts for 66% to 85% of all shoulder cases [4].

Rotator cuff muscles, which consist of the infraspinatus,
supraspinatus, subscapularis and teres minor, have long
been recognized as an important part of the normal
functioning of the shoulder. These muscles stabilize the
glenohumeral joint by providing an inferior [5] and anterior
point for the humeral head, therefore shoulder joint moves
in the center of the glenoid fossa. Many exercises such
as scapular plane abduction can strengthen rotator cuff
muscles [6]; however, adduction movement is commonly
recommended in the rehabilitation of rotator cuff
dysfunctions [7]. Alpert et al. [8] and Yasojima et al. [9]
reported increasing muscle activity trends in the middle
deltoid and rotator cuff with increasing load during
abduction from 0° to 90° in scapular plane. In contrast,
Wilk et al. [10] found that adduction combined with external
rotation can increase contraction of the infraspinatus,
supraspinatus and teres minor in their rotational role and
provide greater potential for strengthening this part of the
rotator cuff. However, when resistance exercise is part of
a recovery program, it is necessary to consider the
contribution and function of the relevant muscle in various
exercise loads. Clinical observations suggest that adduction
strengthens the rotator cuff and can increase the depressive
role of the rotator cuff on the humerus head without
activating the superior translation forces of the deltoid [7].
Moreover, when external rotation occurs with adduction
it is believed to increase the contraction of the teres minor,
supraspinatus and infraspinatus in their rotational role,
providing greater potential for strengthening this part of
the rotator cuff [10]. Adduction associated with external
rotation movement also reduces activity in middle deltoids
[11]. Increasing load to increase the pressure intensity level
is commonly used in the shoulder rehabilitation to improve

muscle strength and function [8]. Electromyography has

been used to identify muscle activation patterns and levels
during recovery training. Also it has been recommended
that movements producing the low muscle activation level
be used early in recovery programs [12].

However, it is still not known if the shoulder adduction
pressure intensity level affects the rotator cuff muscles.
Indeed, few researchers have measured the activity in
compensatory muscles (i.e., posterior deltoid and middle
trapezius) during the shoulder adduction exercise. Therefore,
this study was conducted to determine if there is an effect
on the infraspinatus, middle deltoid, and posterior deltoid
muscles, or the upper trapezius and pectoralis major when
shoulder adduction load increases during shoulder external

rotation exercises.

II, Methods

1. Participants

This study included 16 healthy university students from
Daegu University, Korea (mean age, 23.78+3.19 years;
height, 174.47+£5.35 cm; weight, 70.33£7.87 kg) (Table 1).
The inclusion criteria were as follows: no pain on
maximally resisted rotation tests, no history of shoulder
pain in the previous two years, demonstrated full normal
range of shoulder adduction with normal scapulohumeral
rthythm [6], no shoulder surgery in the previous two years.

The exclusion criteria were as follows: did not demonstrate

Table. 1 General Characteristics of Subjects (n=16)

Variable Mean+SD
Sex (Male/Female) 16/0
Age (year) 20.711£.990

Height (cm) 160.892+5.160
Weight (kg)
VAS (score)

NDI (score)

57.651£9.500
6.71443.540
10.575+9.140

SD, standard deviation
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normal scapulohumeral rhythm and normal range of
movement, no pain on isometric rotation strength tests.

The sample size for this study was calculated using the
G* Power program 3.1.0 (G power program Version 3.1,
Heinrich-Heine-University Dusseldorf, Germany). Based
on the data from the pilot study, the estimated sample size
required to obtain a power at .09 at a five percent

significance level was 15.

2. Ethics

Before the start of this study, the study was explained
to all subjects and an informed consent form was signed
by them. The ethical committee of Daegu University
approved this study.

3. Study Protocol

Each participant stood with the scapula retracted.
Electrodes for electromyography (EMG) were attached to
the infraspinatus, middle deltoid, posterior deltoid, upper
trapezius and pectoralis major. The participants
isometrically conducted shoulder adduction with external
rotation (Fig. 1) at three loads (0 mmHg, 20 mmHg and
40 mmHg) that were controlled by a stabilizer Pressure
Bio-feedback™ device (Chatanooga, TN, USA).

For external rotation exercise at 0 degrees of abduction,
the exercise protocol consisted of isometric shoulder external
rotation in the standing position [13]. To accomplish this,
the shoulder was rotated from 30 degrees of external rotation
with a resistance using an elastic band (Thera-Band®
Yellow, The Hygenic Corporation, Ohio, USA). A 60 cm
elastic band was then held by hand and elongated to 150%
of the original length when the exercise was started.

Each shoulder test was performed three times with at
least 30 seconds of rest between each repetition. The order
of the tests was randomized to avoid systematic effects
of fatigue. For randomization, sealed envelopes were

prepared in advance and marked inside with A, B, or C
representing 0 mmHg, 20 mmHg and 40 mmHg, respectively.

—]

Fig. 1. Experimental posture

This randomization was performed by a third party unaware
of the nature of the study.

4, Surface electromyogram

Surface EMG data were collected using Desktop DTS
(Noraxon USA Inc, Scottsdale, AZ, USA). The sampling
rate was 1000 Hz, the raw signal was full-wave rectified
and filtered using a Lancosh finite impulse response digital
filter (Noraxon USA Inc, Scottsdale, AZ, USA), and the
bandpass-filter frequency was between 20 Hz and 300 Hz.
We processed the EMG data into the root mean square
(RMS) value, which was calculated from 50-millisecond
windows of data points [14]. The electrode sites were
shaved and cleaned with rubbing alcohol, after which
surface electrode pairs were positioned at an interelectrode
distance of 2 cm. We collected the EMG data for the
following muscles: infraspinatus (4 cm below the spine
of the scapula on the lateral aspect over its infrascapular

fossa), middle deltoid (2 cm apart on the upper arm, and
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3 cm below the acromion), posterior deltoid (lateral border
of the spine of the scapula and on an oblique angle toward
the upper extremity running parallel to the muscle fiber),
upper trapezius (between the cervical spine at C-7 and the
acromion) and pectoralis major (2 cm below the clavicle,
just medial to the axillary fold) (Fig. 2)[15]. For
normalization, we measured the RMS of a 5-second MVIC
three times for each muscle. The first and last second of
each MVIC trial was discarded, and the remaining 3
seconds of EMG data were used in the analysis [7]. If
a participant was performing an exercise incorrectly, we
stopped the exercise and instructed him or her to repeat
it. The data for each trial were expressed as a percentage
of the calculated mean RMS of the MVIC (%MVIC), and
the mean %MVIC of the three trials was used in the

analysis.

5. Statistical analysis

SPSS (IBM Corporation, Armonk, NY, USA) version
22.0 was used for statistical analysis. One-way ANOVA
was conducted to compare the activation levels of the five
muscles examined across the three loads (0 mmHg, 20
mmHg, and 40 mmHg). In addition, the LSD test was
used to correct for multiple comparisons. Null hypotheses

of no difference were rejected if p-values were <.05.

I, Results

Infraspinatus was most activated during shoulder
external rotation when shoulder pressure was highest.
Infraspinatus activation significantly increased, while the
middle deltoid activation and the posterior deltoid
significantly decreased when the shoulder adduction
pressure intensity increased during the external rotation
exercise of shoulder (p<.05) (Table 2).

A, Infraspinatus B, Middle deltoid

Fig. 2. The position of surface EMG

C. Posterior deltoid D, Upper trapezius  E. Pectorlis major

Table. 2. EMG Activation of Infraspinatus, Middle Deltoid, Posterior Deltoid, Upper Trapezius, Pectoralis Major According
to Three Shoulder Adduction Pressure Intensities (n=16)

0 mmHg 20 mmHg 40 mmHg F p
Infraspinatus 33.862+14.533" 37.392+15.841 40.362+17.564 25223 005"
Middle deltoid 32.642+20.015 29.442+18.622 25.352+16.493 8911 004"
Posterior deltoid 35.5414+26.252 32.422+24.543 27.193+16.932 5.892 o011
Upper trapezius 44.161+29.321 43.333+28.734 40.941+20.341 293 752
Pectoralis major 43.462+32.601 43.263+31.462 43.062+29.394 112 .901

MeantSD®, “p<.05, Unit : %MVIC
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IV, Discussion

The present trend in the training program is to focus
on functional reinstatement by strengthening the specific
target muscle with minimum participation of surrounding
muscles [16]. Traditional physical therapy programs often
use the shoulder exercise to contract the infraspinatus
maximally, but several protocols may also result in high
levels of the deltoid contraction [7]. The adduction strategy
with external rotation has been a critical component of
variety training programs to except deltoid activity,
therefore retrain the infraspinatus more effectively. In this
study, EMG was measured in the infraspinatus, middle
and posterior deltoid, upper trapezius and pectoralis major
to compare the muscle activity during external rotation
according to differences in adduction pressure.

There are several possible explanations for our results.
As a part of the transverse force couple, the infraspinatus
fulfills a main stabilizing role around the shoulder rather
than a principle torque producing role [17]. In contrast,
the mechanical quality of the middle deltoid plus posterior
deltoid compared with the infraspinatus maintains their
having a main torque producing role rather than a stabilizing
role [18], similar to the upper trapezius and pectoralis major
muscles. Therefore, the load at which adduction trainings
are executed and the addition of adduction at another loads
may be significant to optimization of the contribution of
the infraspinatus and minimization of the deltoid, trapezius
and pectoralis major involvement.

Unlike the effects on the middle deltoid and posterior
deltoid, increasing adduction pressure did not inhibit the
upper trapezius and pectoralis major as anticipated. The
upper trapezius is a very weak muscle in the scapular
rotation plane, but less well defined in other directions,
while the pectoralis major can be targeted from many
exercises angles along the clavicle and sternum. Exercises
that include horizontal adduction and elbow extension such

as the dumbbell, barbell and machine bench press produce

high activation of the pectoralis major in the sternocostal
part [19]. It is possible that the upper trapezius and
pectoralis major were acting as a rotator in the testing
position.

It should be noted that this study has some limitations
that must be considered when the result is interpreted. First,
a small sample size was used because this was an
exploratory study. Second, the results of our study are not
generalizable because healthy students participated in the
study. Therefore, further research is needed to confirm that
this result applies to participants with the shoulder pain.
Third, we did not measure the activity of other rotator
cuff muscles such as the teres minor, which plays a major
role as an adductor and external rotator, because of the
limited ability of surface EMG to measure the activity of
the muscle. Further research using wire EMG is needed
to conclude the role of the teres minor during the shoulder
external rotation training. Fourth, we did not regulate the
speed of movement; however, it affected muscle activity
in an EMG study. Thus, further study is needed to measure
the muscle activity throughout the ROM during adduction
trainings of shoulder with velocity regulated.

V. Conclusion

Many people experience a case in which the deltoid,
trapezius and pectoralis muscle are first mobilized after
the shoulder injury and the rehabilitation exercise is not
performed. Thus, in this study, shoulder rehabilitation
exercise, which is shoulder stabilizer, was needed.

In conclusion, increases in shoulder adduction pressure
intensity during shoulder external rotation exercises can
have a positive effect on the infraspinatus with minimum

activity in the posterior and middle deltoid.
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