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ABSTRACT

Purpose. The aim of this study was to investigate the (electromyographic) EMG patterns of the shoulder muscles in asympto-
matic swimmers with AGI — atraumatic glenohumeral instability. AGI, one of the most common shoulder disorders in athletes
who perform overhead activities, occurs especially among swimmers. AGI usually provokes shoulder pain and secondary im-
pingement syndrome, which might alter glenohumeral and scapular kinematics and change the activity of the shoulder muscles.
Alternatively, pain or functional activities might affect EMG patterns in individuals with AGI. Methods. Eight swimmers with
AGI and eight healthy swimmers took part in this cross-sectional study. Bilateral and simultaneous shoulder elevations in the
scapular plane toward three different target distances were investigated, and the shoulder kinematics and EMG activities of
the glenohumeral and scapulothoracic muscles were also collected. Results. No differences in the EMG patterns were found
between swimmers with and without AGI in terms of the rate of EMG rise and magnitude. Conclusions. Shoulder instability
does not necessarily affect the modulation of the shoulder muscles in swimmers with AGI. Others factors such as laxity in the

capsular structures and ligaments may be one of the primary reasons for pain and instability in these athletes.
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Introduction

Glenohumeral instability, one of the most common
pathologies of the shoulder joint [1], is usually classi-
fied as traumatic or atraumatic glenohumeral instability
(AGI). AGI generally provokes shoulder pain and sec-
ondary impingement syndrome [2], which may lead to
movement disorder (kinematic changes) and changes in
shoulder muscle activity (EMG changes) [3-5]. For in-
stance, some of the kinematic changes observed in in-
dividuals with AGI include altered scapular kinematics
such as excessive scapular protraction and anterior tilt
[6] or decreased scapular upward rotation [5] during
upper-arm elevations.

Studies reporting on the EMG activity of the shoul-
der joint muscles in individuals with AGI have shown
controversial results regarding their latency and mag-
nitude during shoulder elevation movements [4]. For
example, such individuals demonstrated lower EMG ac-
tivity in the anterior and middle deltoid muscles during
shoulder flexions and abduction [7]. On the other hand,
Illyes and Kiss [4] observed an increase in anterior del-
toid muscle activity but no change of the middle deltoid
during shoulder elevations. The anterior and middle
deltoids, along with the scapular muscles, also showed no
alterations in either their onset, duration, or magnitude
of activation in recent studies [6, 8]. Several factors
may account for the disparity in results presented by
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these studies such as type of labor activity, etiology
(traumatic and atraumatic instability), or differences in
symptoms and coexisting injuries (e.g., presence of pain
and impingement syndrome in addition to AGI).

On the other hand, Santos et al. [9] found no altera-
tion in the onset and recruitment order of shoulder
muscles during arm elevations when controlling for
some of these factors (i.e., only swimmers with AGI
and without pain symptoms). The fact that no changes
in the recruitment order of the shoulder muscles were
observed does not rule out the possibility that AGI can
generate changes in patterns of the muscles’ EMG bursts.

To explore this possibility, we applied the ‘speed in-
sensitivity strategy’ [10], a simple set of rules used to eval-
uate EMG muscle activity modulation. This strategy
was previously used to explain how the central nervous
system (CNS) modulates the muscle activity patterns
during performance of constrained [10, 11] and un-
constrained [12] single-joint movement. According to
these studies, the strategy the CNS applies to control
movement performed ‘as fast as possible’ is to scale the
duration of agonist EMG activities and the onset of the
antagonist activities according to the target distances,
whereas the rising initial phase of the agonist EMG is
not sensitive to the target distances.

Therefore, the present study aimed at testing the pos-
sibility that AGI without pain symptoms could not
provoke changes in shoulder muscle activity patterns,
as the identification of these muscular activation pat-
terns may advance current rehabilitative management
strategies in swimmers with AGI.
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Material and methods

The experiment included a total of 16 participants
from a local university swimming team. We recruited
eight swimmers (mean age 20.9 +1.8 y) with a history
of AGI and shoulder impingement syndrome (SIS) and
eight swimmers (mean age 20.6 + 2.4) with no shoulder
disease. Each of the two groups was composed of four
males and four females. We chose the sample size based
on previous studies that showed significant differences
in EMG activity between individuals with glenohumeral
instability and healthy controls [19, 20]. The calculated
power using this sample size and alpha level (0.05) was
0.779. All participants were informed of the purpose and
procedures of the study and provided a signed informed
consent form approved by the local ethics committee.

Swimmers with a history of SIS were recruited and
interviewed. From the interview results, we considered
a swimmer to have SIS if she/he referred to pain localized
in the proximal anterior-lateral region of the shoulder or
during overhead elevation or abduction of the upper-
limbs (from 60° to 120° of upper-limb elevation, which
characterizes the painful arc of movement). We sent
swimmers fulfilling these requirements to a specialized
physician at the Campinas State University Medical
Center. This physician examined the subjects using a pro-
tocol defined by Bak and Fauno [2], which consisted of
a clinical assessment that included: (1) anamnese, (2)
coracoacromial impingement tests (Neer and Hawkins),
(3) glenohumeral instability tests, and (4) general joint
hyper mobility tests, as reported in detail in a previous
study [9]. Thus, criteria for the AGI group according to
the medical examination included: (1) symptoms of SIS
within the last six months, (2) no acute inflammatory
symptoms or shoulder pain at the moment of the test,
and (3) at least one type of moderate or severe AGI (an-
terior, inferior, or posterior).

Swimmers in the healthy control group had no his-
tory of severe shoulder pain or injuries, glenohumeral
instability, neurological disorder, or any other patholo-
gical condition that could impair motor performance.
An experienced physical therapist (one of the authors)
tested their glenohumeral stability prior to the experi-
mental tasks. None of the recruited asymptomatic swim-
mers presented with glenohumeral instability.

The angles of the shoulder were quantified using an
Optotrack model 3020 motion analysis system (North-
ern Digital, Canada). Light-emitting diode (LED) markers
were fixed on the anterior superior iliac spine (ASIS),
anterior aspect of the humeral head (in the direction of
the joint center of the shoulder), and on the anterior as-
pect of the elbow joint (joint line). The three-dimensional
coordinates of these LEDs were recorded at 200 frames
per second.

Surface electromyography (EMG) from the gleno-
humeral and scapulothoracic muscles (right side) was

recorded for the anterior deltoid (AD), pectoralis major
superior portion (PEC), latissimus dorsi (LD), biceps (BIC)
and triceps (TRIC) long head and serratus anterior (SER),
and upper (UT) and lower (LT) fibers of the trapezius.
After the skin was swabbed with alcohol, single differ-
ential surface Bagnoli model DEL2.1 electrodes (Delsys,
USA) were attached to the muscle bellies in the main
direction of the muscle fibers with electrode interface
adhesive as outlined in another study [13]. The electrode
material was 99.9% silver, and the inter-electrode dis-
tance was fixed at 10 mm. After similar skin preparation,
a five-centimeter circular reference electrode was attached
over the bony protuberance of the 7th cervical vertebrae.
The EMG signals in volts were amplified and filtered
(common mode rejection ratio at 90 dB, band-pass fil-
tered between 20-450 Hz, gain 2000). EMG data were
digitized at 1000 Hz by an ODAU system (Northern Di-
gital, Canada), enabling a 16-bit synchronized collection
of analogue and digital data with the Optotrack markers.
EMG data were fully rectified and smoothed using
a 20-millisecond moving average window.

The task of the participants was to stand upright in
the orthostatic position with their arms relaxed at their
sides. They were asked to perform bilateral and simul-
taneous elevations of both shoulders in the scapular plane
(30° in front of the body’s coronal plane) in three dif-
ferent target distances: 30°, 90°, and 150°. Two vertical
metal bars (2.2 m in length with a radius of 2.0 cm)
marked with these three target distances were placed in
front of the participants (one at each side of the subject)
to measure shoulder elevation. The target distances were
individually measured and marked at the bar for each
swimmer using a standard goniometer. The subjects
were required to move the shoulders ‘as fast as possible’
from the relaxed position to the target position while
keeping the elbows extended. Five movement trials were
recorded for each experimental condition (30°, 90°,
and 150°). The blocks of five trials that were performed
for each condition were chosen randomly. Although
bilateral movements were performed to obtain better
trunk stabilization, we analyzed only the right affected
shoulders of the experimental group and the right un-
affected shoulders of the control group.

Shoulder angles were measured between two vectors,
defined as follows: (1) the first vector was from the hu-
meral head to the elbow joint line and (2) the second
vector from the humeral head to the ASIS. The shoulder
angle and its first derivative were used for analysis. The
angle and velocity of the shoulder joint and the EMG ac-
tivity of the eight recorded muscles for each trial were
plotted on a screen. The initial and final angles were de-
termined in order to obtain the total angular excursion.
The maximum peak velocity of the shoulder was also
identified. The onset of the agonist (AD, BIC, PEC, LT,
UT, and SER) and antagonist (TRIC and LD) muscle ac-
tivities for the shoulder elevation movement [9] were con-
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sidered from the point of the first sustained rise above the
baseline using an algorithm implemented in Matlab soft-
ware (Mathworks, USA). The onset for a specific muscle
was defined when the EMG amplitude for that muscle
was greater than three standard deviations above the
mean of its baseline value for at least 50 ms [9, 14].

The EMG activity of the agonists muscles were then
integrated during the 30 milliseconds from their onset.
This activity was used to quantify the rate of EMG rise of
the agonist muscles (JEMGs) [10-12]. The agonist EMG
activities were further integrated from their onset to
the time of shoulder peak velocity. The antagonist EMG
activities (| EMG,og) were also integrated from their onset
until velocity reached zero (approximately at the end
of movement). The integrated values of the agonist (]
EMG,,) and antagonist (IEMGamag) muscles, based on
their velocity profiles, were used to evaluate the magni-
tude and duration of muscle activity observed during the
movement. As was demonstrated by Gottlieb et al. [10]
and in other studies [12, 15], the [EMG;, during fast
movements is independent of movement distance. How-
ever, EMG magnitudes (IEMGag and IEMGamag) increase
with an increase in target distance [16].

To compare the EMG integrals (JEMG;;, fEMGag, and
IEMGamag) across individuals, the EMG muscle activi-

ties were normalized in the following manner: first,
the correspondent baseline integral values (identical time
windows) were subtracted from the EMG integrals. The
baseline of each muscle was calculated by integrating
the EMG activities from the first 200 ms of recorded
data before the movement onset. Second, we divided
the EMG integral of each subject by its absolute highest
EMG integral value (individually obtained) across the
three experimental conditions [17, 18].

Two-way analysis of variance (ANOVA) was used to
determine the effects of group (AGI vs. control), angular
distance (30°, 90°, and 150°), and interaction (group and
distance) for each dependent variable: shoulder angle,
velocity, and the calculated EMG integrals (JEMG30,
fEMGag, and IEMGamg) of each muscle. The Bonfer-
roni post-hoc test was used for pairwise comparisons
when a significant difference was found across the main
factors. For statistical analysis, SPSS v. 15 statistical
software (IBM, USA) was used.

Results
The clinical examination of the right shoulder of

the AGI group resulted in negative coracoaromial im-
pingement tests for all subjects. Six swimmers with AGI
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Figure 1. The mean velocity and EMG profiles recorded during five shoulder elevations toward the three target distances
(30° - thick solid line, 90° - thin solid line, 150° — dashed line) for a swimmer with AGI; movement was stopped
when it reached the target
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Figure 2. Initial rate of EMG rise of agonist muscles (means of [EMG3, and standard error) for AGI
(solid line with open circle) and control groups (dashed line with open square) during shoulder elevations
to the three target distances (30°, 90°, 150°)

demonstrated multidirectional instability, one inferior
laxity, and one anterior laxity. Three swimmers tested
positive for general hyper-mobility.

Figure 1 depicts the mean velocity and the EMG ac-
tivities of the five trials for one swimmer with AGI. The
figure displays the glenohumeral (AD, BIC, and PEC)
and scapulothoracic (LT, UT, and SER) agonist and an-
tagonist (TRIC and LD) muscle activities during shoul-
der elevations to the three different target distances.
Note that both angular velocity and EMG activity in-
creased with distance and bell-shape profiles character-
ized the velocities.

Both groups performed the shoulder elevations using
similar movement kinematics. The angular excursion
and the angular velocity increased gradually and sig-
nificantly according to the angular distance for both
groups (p < 0.01). The angular excursions for the three
angular distances of 30°, 90°, and 150° were, respec-
tively, 25 + 6°, 70 £ 7°, and 117 =+ 8° for the AGI group

and 21 +7°,70 £ 11°, and 117 + 8° for the control group.
The movement velocities from the shorter (30°) to the
longer (150°) distance were 155 + 30°/s, 361 + 43°/s, and
465 + 47°/s for the control group and 166 + 57°/s, 328 +
49°/s, and 500 + 41°/s for the experimental (AGI) group.
No significant differences in these variables were found
between the groups.

Figure 2 depicts the rate of EMG rise of the agonist
muscles at the glenohumeral and scapulothoracic joints.
Two-way ANOVA showed no significant difference of
[EMG;, between groups for all tested agonist muscles
(AD, BIC, PEC, UT, LT, and SER). However, the angu-
lar distance affected the BIC and LT muscles. Post-hoc
analysis revealed the [EMGs, to be significantly smaller
at 30° than in the 150° distance for both muscles for AGI
individuals only (p < 0.01 and p = 0.01, respectively).
Except for these muscles, [EMG;, showed no significant
difference across the distances for either group.

Both groups performed the shoulder elevations using
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Figure 3. Magnitude of agonist and antagonist muscle
activation (means of IEMG;,lg and IEMGantag and standard
error) for the AGI (solid line with open circle) and control

groups (dashed line with open square) during shoulder

elevations to the three target distances (30°, 90°, 150°)

a similar magnitude of EMG muscle activity (Fig. 3).
ANOVA revealed no significant group effect either for
the IEMGag (AD, BIC, PEC, UT, LT, and SER) or for the
[EMG 16 (TRIC and LD). On the other hand, the angu-
lar distance significantly affected all muscles. The AD
(p <0.01), UT (p < 0.01), and SER (p < 0.01) muscles de-
monstrated significant increases in the [EMG, for all
three target distances by both groups as revealed by post-
hoc analysis. Although the BIC, AT, TRIC, PEC, and LD
muscles showed significant differences across the dis-
tances (p < 0.01, p < 0.01, p < 0.01, p < 0.01, p = 0.02,
respectively), they did not change activity progressively
across all three conditions as seen for AD, UT, and SER.
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For example, the [EMG,, for the BIC muscle differed sig-
nificantly only between the 30° and 90° conditions for the
control group (p < 0.01) and between the 90° and 150°
positions for the AGI group (p = 0.02). For the AGI group,
the [JEMG,, of the LT muscle showed no significant dif-
ference across the conditions. For the control group,
the LT [EMG,, was significantly greater at the 150° po-
sition in comparison with the 90° and 30° conditions
(p <0.01 and p < 0.01, respectively). For the PEC muscles,
the [EMG,, was significantly different only between 90°
and 150° positions in the experimental group (AGI).
For this muscle in the control group, the [EMG,, was
greater in the 150° condition than in the 30° position
(p =0.02).

The significant differences in the JEMGantag for the
TRIC muscle were determined by the difference in
IEMGamag between the 30° and 90° target distances in the
AGI group, in which the latter was significantly greater
than the former (p = 0.03). Similarly, the fEMGamag of
the LD muscle was also significantly greater at the 150°
than at the 90° distance for the AGI group (p = 0.01).

Discussion

This study intended to further investigate the pat-
terns of EMG activity in a specific group of individuals
(swimmers) who share a similar pathology, i.e., AGI.
We included only individuals who presented no shoulder
pain to minimize any pain symptoms that might induce
bias in the EMG activity of the muscles [21]. Previous
EMG investigations found no significant difference in
the time and order of recruitment of the shoulder mus-
cles between individuals with AGI with no pain symp-
toms and their healthy counterparts [9]. The present study
extended these observations by showing that AGI alone
was insufficient to modify the muscle activation strategy
used by the CNS to perform fast overhead movements
towards different target distances.

Both groups of individuals used the ‘speed insensi-
tivity strategy’ [10] to modulate shoulder muscle activi-
ties. First, both groups initially activated the shoulder
agonist muscles with a similar rise rate across the dif-
ferent target distances, which indicates a similar amount
of recruited motor units despite the changes in move-
ment excursion. The only exception to this rule were the
BIC and LT muscles for the AGI group. Second, the EMG
activity of the humeral and scapular muscles was scaled
with the target distances, allowing the individuals to
move faster for longer distances (Fig. 3). Third, the la-
tency between the beginning of agonist and antagonist
muscle activation increased with the target distances
[9]. Thus, the simple set of rules used to describe the
modulation of EMG activity during voluntary elbow
movements [12] can also explain the modulation of
scapular and glenohumeral muscles in the present ex-
periment (Fig. 2 and 3).
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Previous studies observed an increase in the magni-
tude of muscle activity with a progressive increase in the
shoulder angular excursion. For instance, LT, UT, SER,
and levator scapulae activities for healthy individuals
increased gradually as the positions of shoulder elevation
at the scapular plane became larger (0°, 90°, and 140°)
[22]. Matias and Pascoal [6] also observed concomi-
tant increases with target distances and EMG activity of
the glenohumeral (AD) and scapular muscles (LT, UT,
and SER) in individuals with glenohumeral instability.
These results parallel the findings of the present study,
showing that both groups of individuals used a similar
strategy to modulate the agonist and antagonist EMG
bursts of activity with target distances. Thus, AGI per se
may not be enough to charge the motor control system
to the point where one would expect to observe group
differences during the performance of free unloaded
overhead movements. The lack of group differences in
time and order of recruitment of the shoulder muscles
between individuals with and without shoulder insta-
bility observed in a previous study, further support this
explanation [9], where the CNS did not change strate-
gies in order to activate muscles in the presence of AGI.

On the other hand, in a previous study, it was ob-
served decreased EMG activity in the PEC, LD, SER,
and subscapularis muscles and increased EMG activity
of the supraspinatus and BIC muscles in individuals with
AGI during pitching [3]. In addition, previous studies
also observed changes in EMG activity in individuals
with multidirectional instability during different isoki-
netic shoulder movements [4]. Particularly, it was found
that EMG activity of the anterior AD, BIC and TRIC de-
creased while the EMG activity of the infraspinatus in-
creased for the group with shoulder instability compared
with a control group [4]. In contrast, Barden et al. [8]
found no significant difference in EMG amplitudes
during isotonic concentric/eccentric movements of the
shoulder joint in individuals with multidirectional insta-
bility. Therefore, certain movements such as pitching
and isokinetic movements (at constant velocity) may pos-
sibly require greater stability and higher muscle torque at
the shoulder joint. The latter movement, for example,
requires excessive force at the beginning of the move-
ment [8]. This may compromise joint stability to a level
that would affect the generation and modulation of the
EMG activity of these muscles. Thus, we cannot rule
out the possibility that additional loads or velocity for
whichever movement could be detrimental for individ-
uals with joint instability to the level of influencing
the EMG and kinematic strategies in which the overhead
shoulder movements are performed.

We should note that the present study investigated
only individuals with shoulder AGI without pain and
measured only the superficial muscles of the shoulder
joint. The discrepancies between this study and others
that showed alterations in EMG activity might, in part,
relate to different experimental designs or the nature of

shoulder instability. For example, subjects with trau-
matic shoulder instability might have decreased afferent
input from the joint due to severe lesions of the shoul-
der’s capsular structures provoked by a shoulder dislo-
cation [23]. Thus, this may affect neuromuscular con-
trol of shoulder movements and increase instability of
the joint [24]. None of the individuals in our study had
previously experienced severe trauma or dislocation
at the shoulder; hence, the afferent information from
the shoulder joint might be intact or less affected. Con-
sequently, they did not show alterations in the recruit-
ment [9], EMG rate, and magnitude of activation of the
shoulder muscles.

The performance of shoulder elevations offered ad-
ditional evidence of intact shoulder neuromuscular con-
trol in asymptomatic swimmers with AGI. Both groups
achieved similar distances and movement velocities
during the experimental tasks. Although both groups of
swimmers seemed to undershoot the targets (see results),
this was not the case. The difference between manual
goniometry and the motion analysis system determined
the differences between the target distances and those
reached by the swimmers. For the latter, the shoulder
marker displaced progressively to the medial and supe-
rior positions as the target increased, resulting in dif-
ferences in the angles (goniometer vs. motion analysis
system) for further distances.

Finally, this study used three variables to measure
the ability of the CNS to activate the shoulder muscles
during fast voluntary movements, i.e., [EMGsj, | EMG,,,
and IEMGamag. Both groups (experimental and control)
demonstrated muscle activation at a similar rate of EMG
rise (JEMG;) and magnitude ([EMG,y, and [EMG,g)-
This suggests that AGI by itself did not modify the
way in which the CNS scales the strength of muscle ac-
tivation during voluntary movements. Sciascia et al. [25]
recorded needle and surface EMG activity in various
shoulder muscles during scaption, prone horizontal ab-
duction, prone external rotation, push-ups, and shoulder
rehabilitation exercises. The authors reported a similar
pattern of muscle activity among individuals who have
multidirectional instability, anterior instability, gene-
ralized laxity, or a healthy shoulder. For this reason
they recommended these shoulder-strengthening exer-
cises for patients with shoulder instability.

In contrast, past studies investigating AGI in cadaveric
models suggest muscular imbalance as a possible impor-
tant factor of shoulder instability [26]. Nonetheless, in
swimmers with AGI, this may be not the case. It is pos-
sible that the deficiency of the static structures of the
shoulder (capsular and ligament laxity)- perhaps ac-
quired by repetitive loading [27] — plays a larger role in
developing inflammation and pain in individuals with
AGI. Indeed, shoulder tasks that require greater joint
stability, such as swimming, might require supplemen-
tary muscle activation to avoid or overcome the defi-
ciencies of the shoulder joint’s static structures. Further
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kinematic and electromyographic studies involving
healthy and symptomatic swimmers with AGI perform-
ing more demanding tasks may further clarify the
causes of instability and the tendency to develop SIS
and pain.

Some of the limitations of this study are mostly con-
nected with the generalizability of the results given the
fact that research was conducted with only eight swim-
mers with a history of AGI and shoulder impingement
syndrome (SIS). The use of a larger sample size could
allow for the detection of group differences. Nonethe-
less, the calculated power of the sample size used in the
present study was 0.779 (see Material and methods).
Therefore, we believe that the lack of observed group
differences in the way the shoulder muscles are acti-
vated and modulated is robust and may not require
a larger sample size to confirm these results.

Conclusions

We conclude that atraumatic shoulder instability does
not necessarily affect the patterns of muscular activi-
ties. Deficiencies in the static structures of the shoul-
der joint may account more for the predisposition of
swimmers to develop shoulder pain and impingement
syndrome.
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