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Abstract - The aim of the present study was to analyze the activation pattern of the serratus 
anterior (SA), upper trapezius (UT), and lower trapezius (LT) muscles during periscapular 
exercises in individuals with and without ED, and to identify which proposed exercise presents 
greater activation of the periscapular muscles. Fourteen women, aged between 18 and 30 years, 
participated in this study, divided into a control group (n = 8) and a dyskinesis group (n = 8). 
The determination of the presence of ED was performed according to the analysis of scapular 
movement during arm elevation, using the yes/no classification. To evaluate muscle activation, 
electromyography signals of the SA, UT, and LT muscles were collected during exercise. The 
exercise protocol was composed of three repetitions of the exercises: punch up, wall slide, and 
scaption. The results showed that the ED group showed less activation of the AS and TT 
than the control group. During the scaption and wall slide exercises, the DE group showed 
less activation of the AS in relation to those without DE. There was no difference in muscle 
activation between the exercises. That individuals with dyskinesis have less activation of the 
muscles that control scapular mechanics and that the type of exercise did not influence the 
activation of the periscapular muscles.

Key words: Electromyography; Exercise therapy; Scapula.

Resumo - O objetivo do presente estudo foi analisar o padrão de ativação dos músculos serrátil 
anterior (SA), trapézio superior (TS) e trapézio inferior (TI) durante exercícios periescapulares 
em indivíduos com e sem DE, e identif icar qual exercício propostos apresenta maior ativação da 
musculatura periescapular. Participaram deste estudo 14 mulheres, com idade entre 18 e 30 anos, 
divididas em grupo controle (n = 8) e grupo discinese (n=8). A determinação da presença de DE foi 
realizada de acordo com a análise do movimento da escápula durante elevação do braço, usando a 
classif icação sim/não. Para avaliação da ativação muscular, sinais eletromiográficos dos músculos SA, 
TS e TI foram coletados durante o exercício. O protocolo de exercício foi composto por três repetições 
dos exercícios: punch up, wall slide e scaption. Os resultados mostraram que o grupo DE apresentou 
menor ativação do SA e TI em relação ao grupo controle. Durante os exercícios scaption e wall slide, 
o grupo DE apresentou menor ativação do SA em relação àqueles sem DE. Não houve diferença na 
ativação muscular entre os exercícios. Concluímos que indivíduos com discinese apresentam menor 
ativação dos músculos que controlam a mecânica da escápula e que o tipo de exercício não influenciou 
na ativação da musculatura periescapular.
Palavras-chave: Eletromiografia; Exercício terapêutico; Escápula.
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INTRODUCTION
Positioning and moving the scapula are important for correct shoulder 

biomechanics1. The upward rotation and posterior tilt movements of the scapula 
during arm elevation allow complete range of motion of the glenohumeral 
joint2. In addition, the scapula is also an attachment point for the serratus 
anterior (SA), superior trapezius (TS) muscles, middle and lower (TI), and 
its position is fundamental for maintaining the length-tension relationship of 
this musculature2,3.

Scapular dyskinesis (SD) is characterized by the prominence of the medial 
edge or angle of the scapula, together with a change in its movement, for 
example, elevation of the scapula or inadequate rotation during arm elevation, 
which results in dysfunctional movement4,5. Among the various causes, the 
alteration in the neuromuscular control of the periscapular muscles, such as 
serratus anterior, trapezius and rhomboids, is considered the most common 
cause6. These muscles are important both for the proper mechanics of the 
scapula, as well as for the integrity of the shoulder function7.

Considering the importance of the scapula, ED can generate clinical 
implications, such as decreased subacromial space, increased impact syndrome 
symptoms, increased risk of impact of internal glenohumeral structures, muscle 
imbalance, change in strength, activation and muscle overload of the scapular 
girdle, as well as alterations in the humeral scapular rhythm, which can lead to 
decreased range of motion, as well as joint instability, which contributes to altered 
kinematics5,6,8-10. In this sense, exercises involving the periscapular musculature, 
such as punch up, arm elevation in the plane of the scapula, have been included in 
rehabilitation protocols for various shoulder disorders associated with ED, with 
the objective of restoring the stability of the scapula6. According to Glousman, 
studies that dynamically analyze electromyographic activity can help form the 
basis of rehabilitation programs for the optimal choice of exercises11.

Thus, the analysis of electromyographic activity during periscapular 
exercises can contribute to the understanding of which exercises activate the 
scapula musculature in greater proportion to be used in shoulder rehabilitation 
programs, as well as helping to understand the differences in the pattern of 
muscle activation of individuals with and without ED.

In view of the clinical implications in which ED may be related and the 
need for studies to identify the best exercises for activation of the periscapular 
muscles, the aim of the present study was to verify the pattern of activation of 
the SA, TS and TI muscles during exercises punch up, wall slide and scaption in 
individuals with and without ED and identify which of the proposed exercises 
have greater muscle activation. The hypothesis of this study is that individuals 
with ED will present less activation of the SA and TI muscles. Furthermore, 
it is hypothesized that the SA muscle will show greater activation during the 
punch up exercise and the TI muscle during the wall slide and scaption exercises.

METHODS

Subjects
This is a cross-sectional study in which university women with and without 

scapular dyskinesis were recruited. The eligibility criteria for this study were: 
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female, aged between 18-30 years, with no degenerative diseases in the joints 
of the shoulder complex, no history of injuries or trauma to the upper limbs, 
symptoms related to the cervical spine or instability of the glenohumeral joint and 
history of fracture or surgery in the upper extremity. In addition, the volunteers 
could not complain of shoulder pain. Table 1 presents the characterization of 
the sample.

Table 1. Anthropometric characteristics.

Control
(n = 8)

Scapular dyskinesis 
(n = 8)

P

Age (years) 22.10 ±0.53 22.87 ± 1.45 0.115
  Body Mass (Kg) 54.85 ±8.95 57.06 ± 10.42 0.928

  Stature (m) 1.61 ±0.06 1.62 ± 0.09 0.672
  BMI (kg/m2) 21.10 ±2.92 21.12 ±1.61 0.231

BMI: body mass index

Assessment procedures
The assessment procedures were performed in a single day. First, the 

volunteers were validated to obtain personal data. Then, the movement of the 
scapula was analyzed to classify the volunteer in the group with or without 
scapular dyskinesis. Subsequently, the electromyographic signal of the SA, TS 
and TI muscles was collected during the performance of periscapular exercises.

Assessment of moving scapulae
The presence or absence of scapular dyskinesis was evaluated during a 

clinical examination consisting of inspection of the positioning and movement 
of the scapula during flexion and abduction of the upper limb using two 2-kg 
dumbbells for each upper limb. The kinematics of the scapula was observed, 
showing whether or not there were alterations in its symmetry. In this evaluation, 
the classification proposed by Uhl et al.12 of yes/no was used, with the category 
“Yes” encompassing the Type I, II and III change patterns and the category 
“No” including Type IV, suggested by Kibler et al.13.

Electromyography
The electromyographic data of the SA, TS and TI muscles were collected 

during the performance of periscapular exercises. To capture the electromyographic 
signals, an 8-channel EMG System do Brasil® (São José dos Campos -SP, 
Brazil) biological signal acquisition module was used, with analog band-pass 
filters with a cut-off frequency of 10-1000 Hz and calibrated with 2000 Hz 
sampling frequency, with 16 bits of resolution and simultaneous sampling of 
signals, software for data collection, processing and storage.

Ag/AgCl surface electrodes (Miotec®), in bipolar configuration, with a 
capture area of   1 cm in diameter and an inter-electrode distance of 2 cm were 
used. Before placing the electrodes, trichotomy and cleaning of the skin with 
alcohol were performed. For the electromyographic analysis of the SA, TS 
and TI muscles, the electrodes were placed on the skin of the volunteers in 
the sitting position, with the spine erect, with the arms hanging in a vertical 
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position, in the direction of the muscle fibers, following the recommendations 
of SENIAM (TS: distance of 50% between the acromion and the C7 vertebra, 
TI: 2/3 between the superior angle of the scapula and the spinous process of the 
eighth thoracic vertebra, SA: between the region of the seventh and eighth ribs).

Periescapular exercise protocol
The protocol consisted of three exercises that aim to activate the periscapular 

musculature, as described below:
Punch Up: the volunteers were positioned supine on the stretcher with the 

dominant upper limb in 90-degree humerus flexion holding a 2 kg dumbbell. 
The orientation was to perform shoulder dislocation in order to protrude the 
scapulae14.

Wall Slide: the volunteers were positioned in a standing position facing a 
wall with a slight inclination of the trunk, with the forearm in contact with the 
wall in 90 degree flexion shoulder and elbow and with an elastic band placed 
between your hands. The orientation was to slide the forearm upwards and at 
the same time perform a force with the arms to out against the elastic band in 
order to adduce the scapula15.

Scaption: the volunteers were positioned standing with the dominant upper 
limb holding a 2 kg dumbbell. The orientation was to perform an elevation 
of the arm in the scapular plane, with the thumbs pointing upwards in order 
to maintain neutral shoulder rotation16. Figure 1 show the protocol exercises.

Before starting the assessment protocol, a familiarization of the perescapular 
exercises was performed. Between familiarization and the start of data collection 
procedures, an interval of 5 minutes was given. The evaluation protocol consisted 
of performing 3 repetitions for each proposed exercise. The sequence of the 
evaluated movements was defined by means of directed randomization and the 
evaluation interval between each movement was 5 minutes.

Figure 1. Perescapular exercises protocol.

Data analysis
To analyze the electromyographic data, specific routines developed in a 

Matlab environment (Mathworks, Natick, MA, USA) were used. To calculate 
the amplitude of the electromyographic signal during the exercises, a linear 
envelope was created by means of whole-wave rectification and signal smoothing, 
using a 4th-order low-pass filter, with a cutoff frequency of 10 Hz. of the linear 
envelope value was normalized by the value of the peak amplitude of the linear 
envelope between the three trials17. The data were expressed as a percentage of 
the linear envelope with the highest value.
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Statistical analysis
Statistical analysis was performed using the PASW Statistics 18.0® (SPSS) 

software. After checking the normality and homogeneity of the data, the 
Repeated Measures Anova test was applied to compare groups and conditions. 
In all statistical tests, a significance level of p<0.05 was adopted.

RESULTS
There was a significant difference between groups (p = 0.019) and interaction 

between groups and conditions (p = 0.033). Bonferroni’s Pos Hoc showed that 
when comparing the groups, the volunteers with ED had less SA activation 
(p = 0.001) and TI (p = 0.049) compared to the control group.

Regarding exercises, the group with ED showed SA activation 13% lower 
during the Scaption exercises (p= 0.026) and 8% in the Wall Slide exercise 
(p = 0.024), compared to the group without dyskinesis. Table  2 shows the 
activation percentage of the groups. There was no difference between groups 
for the push-up exercise.

Table 2. Electromyographic activation during periscapular exercises.

Control Scapular Dyskinesis

TS TI SA TS TI SA

Scaption 90.13±09.90 94.99±03.39 95.23±04.94 90.18±08.20 83.02±13.49 80.08±11.16*
Punch Up 83.10±13.47 91.23±04.91 84.30±06.57 84.29±09.20 83.07±14.17 84.87±08.58
Wall Slide 82.87±05.24 91.10±03.21 92.27±04.87 85.39±09.02 90.58±05.66 84.44±05.68*

Mean ± standard deviation values. TS: upper trapezius, TI: lower trapezius, SA: Serratil Anterior. *denotes significant 
difference

DISCUSSION
This study evaluated the electromyographic activity of the TS, TI and SA 

muscles during the performance of periscapular exercises in individuals with 
and without ED. The initial hypothesis was partially confirmed, given that 
the volunteers with ED had less activation of AS and TI compared to the 
group without dyskinesis. However, there were no significant differences in the 
magnitude of muscle activation when comparing the three exercises analyzed 
in this study.

More and more studies have been linking ED with altered activation of 
scapular muscles18-22. Shoulder exercises can improve muscle activation and 
coordination, being the main strategy for treating shoulder disorders associated 
with ED23. This study showed that, during exercises, volunteers with ED activate 
less the SA and TI, in relation to those who do not present alteration in the 
kinematics of the scapula.

The findings of this study corroborate Araújo et al.18 who show less SA 
activation during the push-up performance, in volunteers with ED, concluding 
that these individuals have a deficit in the activation of this musculature. 
Pirauá et al.19, also found low levels of AS activity during push up exercise 
on an unstable surface in individuals with ED. Other studies, which relate 
electromyographic activity in individuals with ED also showed that compared to 
the control group, those who had ED had a lower activation of AS, converging 
with the results obtained in this study24,25.
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Considering that the AS is an important muscle for stabilization and for the 
rotations of the scapula and that in ED there are changes in the position and 
movement of this bone, the lesser activation of the AS in individuals with ED 
can contribute to a decrease in the upward rotation of the scapula during the 
arm elevation associated with anterior scapular inclination, which may favor 
the compression of subacromial structures19,20,26.

As for the activity of the TI muscle, this study found a decrease in its activation 
in the ED group compared to the control group. These data corroborate with 
Smith et al.21 who analyzed the muscle activity of TS and IT, showing a decrease 
in IT in individuals with ED during arm elevation in the scapular plane. On the 
other hand, some studies diverge from these results showing an increase in 
IT electromyographic activity in ED during exercise, hypothesized that the 
increase in IT activation would be a neuromuscular strategy to compensate the 
decrease in AS muscle activity18,19. Decreased TI activation can contribute to 
elevation and less upward rotation of the scapula during shoulder abduction 
and flexion movements, which can lead to damage to the arthrokinematics of 
the glenohumeral joint and reduction of the subacromial space and the rotator 
cuff tendons10.

This study found no significant difference for the TS muscle both in the 
comparison between groups, as in the comparison between the proposed 
exercises. This finding differs from Lin et al.27 who showed an increase in TS 
activation during arm elevation movement. The difference with our results can 
be explained by the fact that the volunteers in this research are asymptomatic. 
According to the literature, the decrease in SA and TI activation in individuals 
with shoulder dysfunctions is associated with greater activation of the TS and 
elevation of the clavicle, as a strategy to achieve greater shoulder ranges of 
motion28,29.

Furthermore, it was expected that exercises performed in a posture against 
gravity would provoke greater activation of the TS in relation to the punch 
up exercise, as it is a movement that individuals with ED tend to elevate the 
scapula due to the weakness of the SA and TI30. Exercises that minimize the 
activation of the TS in relation to the SA are recommended to improve the 
stabilization of the scapula and provide a more selective strengthening of the 
SA31. However, in the present study there was no difference in the activation 
of SA, TI and TS when comparing the proposed exercises, which can also be 
justified by being individuals with ED without pain.

It is suggested that further studies be carried out involving the symptomatic 
population, in order to understand the changes in the pattern of activation 
due to pain that affect the movement kinematics, as well as the analysis of the 
activation of the periscapular muscles during different exercises to contribute 
to the elaboration of effective treatments for this population.

This study has as a limitation the low sample size, which may have influenced 
the non-significant results between the proposed comparisons.

CONCLUSION
This study led to the conclusion that individuals who have ED have a deficit 

in AS and IT muscle activity compared to individuals without dyskinesis and 
that exercise did not influence the pattern of muscle activation in young people 
without shoulder pain complaints.
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