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Abstract: Shoulder injuries are prevalent in overhead sports such as tennis, largely due to repetitive,
unilateral movements that can lead to muscular imbalances. This study aimed to assess muscle
recruitment patterns and asymmetries during bilateral shoulder injury prevention exercises in tennis
players compared to non-tennis athletes. A total of 39 participants were divided into two groups:
tennis players and non-tennis players (athletes engaged in symmetric or non-racquet sports). Surface
electromyography (sEMG) was employed to record the activity of the middle and lower trapezius
muscles during two bilateral scapular retraction exercises performed at 90° and 45° shoulder
abduction angles. The Root Mean Square (RMS), peak RMS, and muscle symmetry indices were
analyzed. Results indicated significantly lower trapezius activation in tennis players compared to
non-tennis players, particularly during the prone exercise at 90°. Muscle symmetry analysis showed
slightly higher symmetry in tennis players during the prone exercise but greater asymmetry at 45°,
suggesting angle-specific muscular adaptations. The findings suggest that tennis players may
develop reduced recruitment of scapular stabilizers due to repetitive unilateral movements,
increasing the risk of injury. These results emphasize the importance of incorporating targeted
bilateral exercises into training to address asymmetries and enhance scapular muscle function in
athletes participating in asymmetric sports.

Keywords: shoulder prevention; muscle recruitment; prevention exercises; scapular exercises;
scapular retraction; mid trapezius; lower trapezius; exercises; overhead athletes

1. Introduction

Sport disciplines are often classified into symmetrical and asymmetrical: the symmetrical
disciplines include activities such as gymnastics and running, and the asymmetrical disciplines
include sports such as tennis, fencing and javelin throwing. However, this classification is not
universally defined, as the distinction between these two categories remains somewhat ambiguous
and lacks a standardized framework [1].

In asymmetric sport, athletes tend to develop disproportionate hypertrophy and strength in the
dominant side [2—4]. While these adaptations are functional for the sport, they may also increase the
risk of injury and affect overall biomechanics if not properly managed. In contrast, symmetric sports
tend to promote a more balanced development of body musculature [5]. However, factors such as
individual technique and specific movement patterns can influence the onset of musculature
imbalances, even in these disciplines. In symmetric sports, such as swimming, cycling, or athletics,
particularly in disciplines like marathon running or track events, the mechanical load during the
movement execution promotes a more harmonious and bilateral muscle development, as a both sides
of the body undergo similar physical demands throughout the activity. From a biomechanical
perspective, this results in bilateral muscle recruitment and activation during the execution of the

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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sport-specific movement, minimizing the occurrence of significant muscular imbalances between the
limbs [6].

Asymmetrical sports, like tennis, are characterized by repetitive movements, such as serves and
groundstrokes, which impose greater biomechanical demands on the dominant upper limb [7]. These
actions can lead to imbalances in muscle development and joint function, resulting in intensive and
asymmetric use of the muscles and joints involved in ball striking. This asymmetry may contribute
to structural and functional adaptations that affect the overall biomechanics of the sport. Can
demonstrate altered glenohumeral joint mobility and flexibility in the dominant arm resulting in
significantly less internal rotation (IR) and greater external rotation (ER) of the shoulder, classifies as
glenohumeral internal rotation deficit (GIRD) [8]. Spinal injuries in athletes who perform overhead
actions are often due to overuse by repetitive mechanisms and muscle fatigue. They may be related
to scapular dyskinesia, rotator cuff weakness or glenohumeral internal rotation deficit [9]. These
asymmetries can significantly influence the athlete’s performance and increase the risk of injury [10].

Asymmetries in the musculature of the upper limbs are common in sports that predominantly
rely on unilateral upper limb activity, where the muscles of the dominant limb are usually more
developed than those of the non-dominant limb. This phenomenon translates into differences in
strength, flexibility and internal and external rotational capacity at the shoulder. Studies have shown
that tennis players with a greater imbalance in the strength and mobility of the internal and external
rotators of the shoulder are more likely to develop injuries such as tendonitis, rotator cuff tears and
impingement syndrome [11]. In addition, asymmetries can affect trunk stability and force transfer
between the upper and lower extremities, which is critical for explosive and powerful movements.
Inefficient force transfer can lead to suboptimal performance and increased wear and tear on joints
[12]. Tennis performance is closely related to the athlete’s ability to generate and control force during
movements. Asymmetries can limit this ability, affecting technique and efficiency of stroke execution.
For example, tennis players with a greater degree of muscular asymmetry often experience a decrease
in the consistency and accuracy of their strokes, which can negatively influence competitive results
[11].

The repetitive asymmetric action uses to cause an important asymmetry in the upper limbs that
use to provoke most of the common pathologies in the shoulder complex of the tennis players.
Professional tennis players have a very risk of musculoskeletal injuries, due to a high volume of play
and the great physical demands of sport. Injury rates range from 0,05 to 2,9 injuries for player in a
year, with a higher frequency of injuries as the time on the court increases [13] Shoulder injuries
represent a significant concern among athletes, particularly in sports that place repetitive or high-
load demands on the shoulder complex. For instance, in baseball, it is estimated that between 12%
and 19% of all reported injuries occur at the shoulder, highlighting the vulnerability of this joint in
overhead throwing activities. Similarly, in swimming, where athletes engage in continuous, high-
repetition shoulder motions, the prevalence of shoulder injuries is notably higher, ranging from 23%
to 38% within a single competitive year [14].

In the case of many unilateral sports that involve the upper limbs, the glenohumeral joint is often
in an protraction position, a phenomenon also observed in many athletes who perform overhead
movements. This position alters the center of gravity of the shoulder girdle and causes changes in
joint dynamics, affecting the efficiency of the muscles involved. A predominance of the internal
rotator muscles, such as the subscapularis, pectoralis major, latissimus dorsi and anterior deltoid,
compared to the external rotators has been documented, which may contribute to a functional
imbalance [15]. The subscapularis muscle, crucial for stabilization of the glenohumeral joint, can
become a destabilizer when in elevated positions, accentuating the protraction of the shoulder girdle
[16]. In addition, the biceps brachii, with fibers in different orientations, may be adversely affected,
especially in overhead positions, which could increase the risk of injuries such as labral tears. The
only external rotators we have are the infraspinatus, supraspinatus, teres minor and the posterior
deltoid [17], the posterior deltoid of the external rotator muscles is the largest and has the most muscle
fibers.
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The major upward rotators of the scapula are the upper and lower fibers of them trapezius and
the lower digitations of the serratus anterior [18]. The rotator cuff allows us to have greater
functionality of the shoulder during the execution of specific tennis movements [19]. In addition,
during these movements the rotator cuff and scapulothoracic muscles will be a dynamic stabilizer
and the Middle and Lower trapezius contribute to proper scapular mobility and stability, facilitating
coordinated movement with the humerus [20], because these muscles are very close to the joint and
generate compressive forces. For instance, during flexion and extension movements, anteroposterior
translations of the humeral head are restricted by rotator cuff muscles that are activated in a direction-
specific manner to ensure joint stability [21]. For this reason, it will be essential to maintain good
stability and mobility of the glenohumeral joint. Understanding the tennis-specific adaptations of the
shoulder complex could help tennis players, coaches, athletic trainers, and clinicians to design and
utilize optimal exercise protocols [10].

Surface electromyography (sEMG) is a non-invasive technique that quantifies the electrical
activity of skeletal muscles through electrodes placed on the skin’s surface. This method captures
neurophysiological variations, specifically motor unit action potentials generated during muscle
fibres contractions. The resultant SEMG signal represents the summation of individual motor unit
action potentials within the detection area, providing a comprehensive view of neuromuscular
activation. Such signals allow for detailed analysis of muscle behaviour under various conditions,
including resting states, dynamic or isometric contractions, and specific experimental tasks.
Consequently, sEMG has become an essential tool in fields such as biomechanics, rehabilitation,
ergonomics, and sports science.[22]

Previous research reported the activation patterns of superficial scapular muscles using surface
EMG [23]. Surface electromyography EMG allows you to measure the electrical activity of muscles
in real time during all the movements you scan with your patient. EMG has been used in clinic to
check the nerve muscle and nerve conduction functions. Surface electromyography can be performed
by placing non-invasive electrodes on the skin’s surface to record underneath muscle activities [24].
To know if the exercises used activate the intrascapular muscles, so we will know how effective they
are. The neurally mediated control of muscle activation has the capacity to adapt joint mechanics in
response to different limb configurations and loading conditions. Also, indicate that a failure of this
adaptive mechanism is associated with the incidence of glenohumeral instability [25]. Consequently,
the investigation of atypical shoulder muscle function during the exercise’s performance, it will be
important to be able to see the correct activation of the muscles that we want to work.
Electromyographic investigations of glenohumeral instability have quantified the level of muscle
recruitment by comparing the amplitude of activation at different stages of the movement cycle.
While recruitment level is an important characteristic of muscle function, an equally important factor
is the timing of the activation during the prevention exercise’s performance [25]. To our knowledge,
a detailed analysis of the temporal characteristics of shoulder muscle activation during the
prevention exercise’s performance. In previous electromyographic study that they wanted to
determine the effect of fatigue including exercise on the muscle recruitment pattern of the same
muscles, their conclusion was the muscle onset times in all muscles, but the lower trapezius was
delayed after fatigue, suggesting that muscle recruitment of the middle deltoid and upper and middle
trapezius may be influenced by fatigue [18] . The preventive exercise is novel in the field of corrective
exercises designed to correct musculoskeletal disorders and to prevent secondary complications such
as pain and injury.

The RMS (Root Mean Square) line graph is a commonly used representation of muscle activity
captured during an evaluation. The vertical axis quantifies the magnitude of muscle activation, while
the horizontal axis illustrates the temporal progression of the test. This visualization enables both
qualitative and quantitative analysis of muscle activity changes across repetitions of an exercise,
providing essential information on neuromuscular performance and fatigue [26]

Muscular asymmetry is defined as a disparity in activation levels exceeding 20% between
homologous muscles on the left and right sides of the body. Such asymmetries are critical indicators
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of neuromuscular imbalances that may increase the risk of injury or impair functional
performance.[27] A muscle asymmetry occurs when the function between corresponding muscles on
opposite sides of the body is greater than 20%. These inequalities can result from a variety of factors,
including injury, unbalanced movement patterns, incorrect posture, or unequal load distribution
during physical activities. The Muscle Symmetry Index is used to quantify how similar two muscles
are in terms of muscle activity: asymmetry 0-79% similarity; limit 80%-89% similarity and normal or
symmetrical: 90-100% [28]

This parameter represents the proportional distribution of muscle activation across the
evaluated muscles during a specific task or exercise. Analyzing this distribution provides insights
into the functional role of each muscle, revealing deficits or excessive activation that could signify
neuromuscular imbalances. Altered muscle activity distributions have been linked to compensatory
movement patterns.

Muscle synergy refers to the coordination and collaboration of multiple muscles to perform a
movement. In muscle synergy, muscles work together to generate movement, stabilise the body, or
both. Indicates what level of involvement or muscle activity in % a muscle has had with respect to
another. It will help us to compare contractile activity between muscles in a simple way and it is easy
to quantify muscle over-activation or inhibition. This concept is fundamental in biomechanics and
exercise physiology, as human movements are rarely the result of the action of a single muscle.[29]

In recent studies, researchers have increasingly utilized microelectromechanical systems
(MEMS) sensors affixed to the body to monitor motion patterns. These sensors demonstrate
promising reliability when compared to the gold-standard three-dimensional optical motion capture
systems traditionally employed in laboratory settings. Inertial measurement units (IMUs), a specific
type of MEMS technology, are now being implemented to assess trunk and arm positions throughout
the day. For example, they have been used to quantify the duration of awkward postures in
healthcare workers such as nurses and agricultural workers like dairy farmers. These devices enable
continuous data collection without requiring constant visual or video monitoring, providing a
practical and efficient method for posture assessment in real-world environments [30]

Several studies that have conducted preventive exercises with the Bands have shown that
improved shoulder muscle activation, IR ROM, rotator cuff muscle strength ratio and GH joint
position sense in participants with GIRD. The throwing exercise with the Band seems to affect the
length of the muscles and tendons which could produce more force according to the length tension
curve theory in a muscle and improve neuromuscular coordination in agonist and antagonist
muscles. As a result, these changes may increase the strength of the shoulder muscles [8]. A previous
study has suggested that stretching techniques to glenohumeral articulation, internal rotation and to
the posteroinferior glenohumeral tissues help the symptoms of patients with GIRD. While additional
research has showed the effects of strengthening exercises on internal and external rotators on the
dominant side and the effects of functional exercises on eccentric rotation strength during prevention
and rehabilitation programs [8,31]. Contemporary clinical practice emphasizes the development and
implementation of preventive strategies to reduce injury incidence and associated downtime. These
proactive measures aim to optimize athletic performance by mitigating risk factors, thereby
preserving physical function and minimizing the potential for long-term career impairment [32].

To date, intermuscular coordination in asymmetric sports remains underexplored, despite its
crucial role in shoulder function. Effective shoulder performance depends on the synchronized
activation of multiple muscle groups, which is especially vital in sports characterized by repetitive
unilateral movements, such as tennis [6]. Existing training and prevention protocols—particularly
those addressing conditions like glenohumeral internal rotation deficit (GIRD)—have primarily been
developed for overhead athletes in sports like baseball, with limited adaptation for tennis. While
lower limb asymmetries have been widely studied, especially in football and track and field, there is
a paucity of research on upper limb asymmetries in the context of symmetric versus asymmetric
sports. This gap is significant given the high unilateral demands placed on the shoulders in tennis,
which can contribute to muscular imbalances and injury risk. This study aims to investigate upper
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limb muscle asymmetries between athletes involved in symmetric and asymmetric sports through
bilateral shoulder injury prevention exercises. By analyzing muscle activation patterns in both
dominant and non-dominant limbs, the study seeks to determine the efficacy of bilateral training in
reducing asymmetries and informing injury prevention strategies for athletes in asymmetric sports.
We hypothesized that Athletes engaged in asymmetric sports, such as tennis, will exhibit greater
upper limb muscle activation asymmetries compared to athletes in symmetric sports.

2. Materials and Methods
2.1. Study Design

A randomized, repeated-measures cross-sectional between-group design was employed. The
study was conducted in accordance with the STROBE reporting guidelines [33]

2.2. Study Population

The present study involved a total of 39 athletes from various sports disciplines. The athletes
represented a wide range of sports disciplines. Specifically, 16 (41%) participants practiced tennis,
making it the most common sport in the sample. The remaining athletes were distributed across
various sports as follows: 8 (20.5%) soccer players, 2 (5.1%) practiced athletics, 2 (5.1%) participated
in futsal, and there were 10 (25.6%) participant each from triathlon, basketball, swimming, artistic
gymnastics, judo, pole vaulting, dance, calisthenics, duathlon, and gym training. Participants were
classified into two groups: Non-tennis players (N-TP) consisted of 23 athletes who do not engage in
tennis, and tennis players (TP) was composed of 16 athletes who actively participate in tennis. Both
groups underwent the same physical assessments, and the analysis aimed to compare the differences
between the two groups.

Demographic, anthropometric and descriptive measurements were collected following
standardized anthropometric procedures to ensure accuracy and reliability (Table 1). This
information was obtained through a self-reported questionnaire and verified during the assessment
phase. Participants were also free of any pain or pathology that would prevent them from being able
to perform shoulder external rotation exercises.

Table 1. Descriptive characteristics of the participants.

Age (year), mean (SD) 23.0 (5.9)
Gender, n female (%) 6(15.6%)
Body mass, mean (SD) 73.7 (9.72)
Height m, mean (SD) 1.77 (0.08)
BMI, mean (SD) 23.4 (2.09)
Shoulder injury history, n yes (%) 9 (2314%)
Shoulder pain during practice, n yes (%) 10 (25.6%)
VAS (0-10) of pain, 1 (%)
0 (74.4%)
2 (10.3%)
3 (2.6%)
4 (5.1%)
5 (7.7%)
Dominant right limb, n yes (%) 37 (94.9%)
Tennis experience (years), mean (SD) 10.7 (4.4)
Competition experience (years), mean (SD) 9.08 (4.8)
Other sports (non—tennis) experience years (SD) 11.2 (6.6%)

All participants fulfilled the inclusion criteria (Table 2) and were provided with both written and
verbal explanations regarding the study procedures prior to the assessment session. Following the
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provision of detailed information, each participant signed an informed consent form, in accordance
with last revision of the Declaration of Helsinki by the World Medical Association 2024 [34].

Table 2. Inclusion criteria.

Inclusion Criteria

1. Tennis players must be part of a high-performance tennis club/academy.

2. Non-tennis players must never be involved in racquet sports.

3. Must have a minimum of 2 years of experience at this high level (for tennis players) or be
actively engaged in sports, defined as individuals who have been practicing a specific sport
regularly for at least 2 years prior to the study.

4. Must not suffer from any ailment or discomfort that would prevent him/her from performing
the shoulder prevention exercises.

5. Must not be taking medications throughout the study.

6. Must have been free of musculoskeletal injuries over the previous three months.

2.3. Outcomes

The main outcomes that have been considered to carry out an analysis have been the Root Mean
Square (RMS) (1V), Mean Maximum Amplitude (uV) of the 3 reps and muscle symmetries (%). The
Muscle Symmetry Index used to quantify how similar two muscles are in terms of muscle activity
was: asymmetry 0-79% similarity; limit 80%-89% similarity and normal or symmetrical: 90-100% [35]

These variables were specifically analyzed in the lower trapezius and middle trapezius muscles,
both on the right and left sides, considering the dominance of each player for a more accurate
assessment of muscle asymmetry and its relationship with performance.

Electromyographic (EMG) data were recorded using the mDurance® device (mDurance®
Solutions SL, Granada, Spain), which integrates an EMG Shimmer3 unit (Realtime Technologies Ltd.,
Dublin, Ireland). The mDurance® system employs a validated surface EMG methodology designed
for the accurate assessment of muscle activation. This advanced system combines user-friendly
software with lightweight hardware, enhancing its practicality and accessibility for clinical and sports
performance applications. The Shimmer3 unit within the system is a bipolar surface EMG sensor
specifically engineered for the precise acquisition of muscle activity. Each unit is equipped with two
recording channels, a sampling frequency of 1024 Hz, a bandwidth of 8.4 Hz, and a 24-bit resolution,
with a signal amplification range of 100 to 10,000 V/V. This configuration ensures high-quality data
capture suitable for detailed analysis. The reliability and validity of the mDurance® system for
recording muscle activity during functional tasks have been established in prior research,
demonstrating excellent interclass correlation coefficients (ICC = 0.916; 95% CI = 0.831-0.958) [36].
Such characteristics make this system an invaluable tool for researchers and practitioners aiming to
assess neuromuscular performance in real-world scenarios. The mDurance Android app received the
data from the Shimmer3 and sent it to a cloud service where the data were stored, filtered, and
analyzed [37]

2.4. Procedure

After collecting descriptive informations of the participants by a structured formular and
dividing the groups into TP and N-TP we proceed with the electrodes placement.

2.4.1. Electrode Placement

All the participants were prepared for the EMG by shaving, scrubbing and cleaning the skin
with alcohol to reduce impedance (<10kQ)[23]. The surface EMG electrodes were placed over the
muscle’s bellies and in line with the muscle-fibbers orientation of Lower trapezius right (LTR), lower
trapezius left (LTL), middle trapezius right (MTR) and middle trapezius left (MTL). Self- adhesive 5
cm Dormo surface electrodes were placed on the muscle belly according to the SENIAM project
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recommendations [38] and with an interelectrode distance of 20 mm. The procedure for electrode
placement and collection is shown in Table 3 and Figure 2.

Table 3. Electrode placement.

Muscle Electrode Placement Orientation

Lower trapezius (LT) At 2/3 on the line from the trigonum The line between T8 and the
spinae to the 8th thoracic vertebra acromion

Middle trapezius (MT) At50% between the medial border of Direction of the line between T5
the scapula and the spine, at thelevel and the acromion
of T3

(a) (b)

Figure 2. Electrodes placement: (a) Middle trapezius (MT); T3: Spinous process of 3rd thoracic vertebrae; T5:

Spinous process of 5th thoracic vertebrae; Line A-T5: Direction of the line between T5 and the acromion; N:
Neutral electrode on acromion surface. (b) Lower trapezius (LT); T8: spinous process of 8th thoracic vertebrae;
N: Neutral electrode on acromion surface; Line A-T8: line from the trigonum spinae to the 8th thoracic vertebra;

Line B-T8: line between T8 and the acromion.

2.5. Experimental Procedure

The participants performed two exercises proposed in the study to assess the activation pattern
of the interscapular musculature during their execution and progression. Electrodes were placed on
the lower and middle trapezius muscles, and muscle activation was recorded simultaneously at both
sides. Each session lasted approximately 10 minutes per participant for each exercise, including the
time required for electrode placement. The tests did not involve any particular risk. None of the
procedures incurred any cost to the participants, and surface electromyography was used, which was
non-invasive and comfortable. The setup allowed participants to perform all movements freely
without restriction.

Participants were instructed to refrain from high-intensity exercise for 24 hours prior to both test
sessions.

Detailed instructions were provided on the correct execution of the exercises. Participants
performed a series of three contractions for each exercise, followed by a one-minute rest period. The
primary goal of all exercises is to promote scapular retraction during each contraction coordinating
with the breath. When the participant inhale air and do the scapular retraction at the same time. This
intervention is designed to improve muscle function in the scapular region, facilitating proper
alignment and optimising biomechanical performance in functional activities.
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2.5.1. Exercises

The first exercise focused on scapular retraction, breathing technique, and core engagement by
lifting the feet. During the concentric phase, the participants were instructed to pull their shoulder
blades together, emphasizing scapular retraction while simultaneously lifting their feet off the
ground. As the arms extended outward, they inhaled deeply. During the eccentric phase, the arms
were lowered slowly and with control, while exhaling as they returned to the starting position. The
feet remained elevated throughout the movement, promoting core engagement and enhancing
postural stability (Figure 3a). The exercises were initially performed at a 90° angle, followed by
execution at 45°. This exercise was not evaluated using resistance bands.

The second exercise (Figure 3b) focused on scapular retraction and proper breathing technique
while using a multi-loop resistance band (Flexvit Multi, Flexvit Bands, Germany). The loops were
adjusted to each participant’s wingspan to ensure the movement allowed for maximum scapular
adduction. To determine the most appropriate loop tension for each individual, participants were
instructed to perform maximal scapular retraction prior to initiating muscle activity recording. As in
the previous exercise, the protocol began with assessments at 90°, followed by 45°.

Participants stood with their arms extended to the sides, holding the resistance band with both
hands while maintaining proper shoulder alignment. The primary objective was to retract the
shoulder blades by actively squeezing them together as the band was pulled outward. During the
concentric phase (pulling the band), participants inhaled deeply while engaging the core for postural
stability. In the eccentric phase (returning to the starting position), they exhaled in a controlled
manner, maintaining scapular engagement throughout. The focus remained on achieving full
scapular retraction while coordinating the breath with the movement (Figure 3b). This exercise was
performed only with the resistance band.

(@) (b)

Figure 3. (a) Exercise 1: Prone lying bilateral adduction in 90°; (b) Exercise 2: Standing bilateral adduction in
90°.

2.6. Statistical Analysis

Descriptive statistics were computed for all variables and presented as means + standard error
(SE), where SE was defined as the standard deviation divided by the square root of the sample size.
In addition, standard deviations were used to describe variability in quantitative variables, and
frequencies were calculated for qualitative demographic variables. The normality of distributions
was assessed using the Shapiro-Wilk or Kolmogorov-Smirnov tests, depending on sample size, with
p-values greater than 0.05 considered indicative of normality. Homogeneity of variances was
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examined using Levene’s test. Group comparisons between tennis players (TP) and non-tennis
players (N-TP) were conducted using independent-samples t-tests for all quantitative variables,
including Root Mean Square (RMS), peak RMS, and muscle symmetry indices. Analyses were
performed at two levels of glenohumeral abduction: 45° and 90°. Comparative analyses were also
conducted between two exercise conditions: (1) scapular retraction in a prone position and (2)
scapular retraction in a standing position with elastic band resistance. For variables recorded under
both exercises (e.g., 1_RMS_MT_D_90 vs. 2_ RMS_MT_D_90), paired comparisons were performed
across all participants and separately within each group (TP and N-TP), using independent-samples
t-tests when assumptions were met. Effect sizes were calculated using Cohen’s d and interpreted as
small (d < 0.3), moderate (0.3 < d < 0.8), or large (d 2 0.8). Statistically significant differences were
considered at p < 0.05. Comparisons reaching statistical significance or presenting meaningful effect
sizes were marked with an asterisk (*) in all graphical representations. All statistical analyses were
performed using JAMOVI software (version 2.5.4) and Python (v3.10).

3. Results
3.1. Exercise 1 Muscle Recruitment at 90° and 45°

A significant difference in muscle activation at 90° was observed between tennis players (TP)
and non-tennis players (N-TP) for both dominant and non-dominant side and for both MT and LT.
The Student’s T Test revealed that N-TP exhibited higher activation in MT and LT in both dominant
(D) and non-dominant side (ND) at 90° (415uV vs. 255uV for D, 438V vs. 253V for ND on MT; and
449uV vs. 245uV for D, and 450uV vs. 237uV for ND on LT; Figure 4).

1_RMS_MT_D_90° .
(p=0.0009,d =-1.21)  * 1_RMS_MT_ND_90
(p=0.0003,d=-135  *
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Figure 4. Mean RMS (V) during Exercise 1 developed at 90° (a) RMS for Middle trapezius (MT) for Dominant
side (D) comparison between tennis players (TP) and non-tennis players (N-TP). (b) RMS for Middle trapezius
(MT) for Non-Dominant (ND) side comparison between TP and N-TP(c) RMS for lower trapezius (LT) for
Dominant side (D) comparison between TP and N_TP (d) RMS for lower trapezius (LT) for Non-Dominant side
(ND) comparison between TP and N_TP. Asterisks (*) denote statistically significant differences (p<0.05).

No significant differences were observed in the activation of any of the trapezius muscles in D
and ND at 45°(p>0.05). However, mean activation was higher in N-TP (Figure 5).
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Figure 5. RMS during Exercise 1 45° (a) RMS for Middle trapezius (MT) for Dominant side (D) comparison
between tennis players (TP) and non-tennis players (N-TP). (b) RMS for Middle trapezius (MT) for Non-
Dominant (ND) side comparison between tennis players and non-tennis players (c) RMS for lower trapezius
(LT) for Dominant side (D) comparison between tennis players and non-tennis players (d) RMS for lower
trapezius (LT) for Non-Dominant side (ND) comparison between TP and N-TP.

3.2. Exercise 1 Muscle Symmetries at 90° and 45°

The results presented in the Table 4 indicate no statiscally significant differences in muscle
symmetry between groups.

Table 4. Muscle Symmetries During Bilateral Prone Adduction at 90° and 45°.

Group Mean (SD) ES p
MT_90° Tennis player 79.9 (12.2) 3.16 0.620
No tennis player 82.0 (12.8) 2.68 0.654
LT_90° Tennis player 82.0 (13.0) 3.34 0.679
No tennis player 80.0 (15.8) 3.29 0.917
MT_45° Tennis player 80.4 (12.9) 3.34 0.277
No tennis player 75.7 (13.0) 2.71 0.262
LT_45° Tennis player 79.7 (15.0) 3.88 0.517
No tennis player 76.1 (17.8) 3.72 0.622

3.3. Exercise 1 RMS Peaks at 90° and 45°

There were significant differences in RMS peaks at 90° . N-TP exhibited higher RMS peaks:
960uVvs. 568V for D and 974pV vs. 564uV for ND in MT; 944uV vs. 529uV. for D and 938uV vs.
476puVfor ND in LT (Figure 6).
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Figure 6. The peak RMS during Exercise 1 90° (a) Peak RMS for Middle trapezius (MT) for Dominant side (D)
comparison between tennis players and non-tennis players. (b) Peak RMS for Middle trapezius (MT) for Non-
Dominant (ND) side comparison between tennis players and non-tennis players (c) Peak RMS for lower
trapezius (LT) for Dominant side (D) comparison between tennis players and non—tennis players (d) Peak RMS
for lower trapezius (LT) for Non-Dominant side (ND) comparison between tennis players (TP) and non-tennis
players (N-TP). Asterisks (*) denote statistically significant differences (p<0.05).
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No significant differences were found in the highest RMS peaks during the exercise 1 developed
at 45° (Figure 7).
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Figure 7. The peak RMS during Exercise 1 45° (a) peak RMS for Middle trapezius (MT) for Dominant side (D)
comparison between tennis players and non-tennis players. (b) peak RMS for Middle trapezius (MT) for Non-
Dominant (ND) side comparison between tennis players and non-tennis players (c) peak RMS for lower
trapezius (LT) for Dominant side (D) peak comparison between tennis players and non-tennis players (d) RMS
for lower trapezius (LT) for Non-Dominant side (ND) comparison between tennis players (TP) and non-tennis
players (N-TP). Asterisks (*) denote statistically significant differences (p<0.05).

3.4. Exercise 2 RMS at 90° and 45°

No significant differences were observed in the mean RMS at 90° across any of the muscles

analyzed (p>0.05). However, the mean activation was slightly higher in non-tennis players (Figure
8).
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Figure 8. RMS during Exercise 2 90° (a) RMS for Middle trapezius (MT) for Dominant side (D) comparison
between tennis players and non-tennis players. (b) RMS for Middle trapezius (MT) for Non-Dominant (ND)
side comparison between tennis players and non-tennis players (c) RMS for lower trapezius (LT) for Dominant
side (D) comparison between tennis players and non—tennis players (d) RMS for lower trapezius (LT) for Non-

Dominant side (ND) comparison between tennis players (TP) and non-tennis players (N-TP).

No significant differences were found in the mean RMS for any of the muscles analyzed at 45°
(Figure 9).
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Figure 9. RMS during Exercise 1 45° (a) RMS for Middle trapezius (MT) for Dominant side (D) comparison
between tennis players and non-tennis players. (b) RMS for Middle trapezius (MT) for Non-Dominant (ND)
side comparison between tennis players and non—tennis players (c) RMS for lower trapezius (LT) for Dominant
side (D) comparison between tennis players and non—tennis players (d) RMS for lower trapezius (LT) for Non-

Dominant side (ND) comparison between tennis players (TP) and non-tennis players (N-TP).

3.5. Exercise 2 Muscle Symmetries at 90° and 45°

There were no statistically significant differences in muscle symmetry between tennis payers
and non-tennis players.

3.6. Exercise 2 RMS Peaks at 90° and 45°

No significant differences were found in the peak RMS at 90° during the secod exercise (Figure
10).
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Figure 10. The peak RMS during Exercise 2 90° (a) Peak RMS for Middle trapezius (MT) for Dominant side (D)
comparison between tennis players and non—tennis players. (b) Peak RMS for Middle trapezius (MT) for Non—
Dominant (ND) side comparison between tennis players and non-tennis players (c) Peak RMS for lower
trapezius (LT) for Dominant side (D) comparison between tennis players and non—tennis players (d) Peak RMS

for lower trapezius (LT) for Non-Dominant side (ND) comparison between tennis players (TP) and non-tennis
players (N-TP).
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No significant differences were found in the peak RMS at 45° during the secod exercise (Figure
11).
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Figure 11. The peak RMS during Exercise 1 45° (a) peak RMS for Middle trapezius (MT) for Dominant side (D)
comparison between tennis players and non-tennis players. (b) peak RMS for Middle trapezius (MT) for Non—
Dominant (ND) side comparison between tennis players and non-tennis players (c) peak RMS for lower
trapezius (LT) for Dominant side (D) peak comparison between tennis players and non—tennis players (d) RMS
for lower trapezius (LT) for Non-Dominant side (ND) comparison between tennis players (TP) and non-tennis
players (N-TP).

3.7. Comparison Between Exercises and Muscle Groups

Significant differences in muscle activation were observed between the prone scapular retraction
exercise (1) and the standing elastic-band retraction exercise (2) in both tennis players (TP) and non-
tennis players (N-TP), particularly for the middle trapezius (MT) and lower trapezius (LT) at both
45° and 90° of glenohumeral abduction.

In the TP group, exercise 1_ elicited significantly greater activation of the MT and LT at 90°
compared to exercise 2_ (p < 0.001), with large effect sizes (Cohen’s d = 1.49 and 1.73, respectively).
At 45°, LT activation was also significantly higher during the prone exercise (p = 0.007, d = 1.04),
whereas no significant difference was found for MT activation (p = 0.145). In the N-TP group, a
significant difference was observed only for the MT at 45°, with higher activation during the standing
exercise (p =0.048, d = 0.73) (Figure 12).
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Figure 12. Comparison of mean RMS muscle activation (uV) between prone (1) and standing (2) scapular
retraction exercises in tennis players (TP) and non-tennis players (N-TP). Each bar represents the average
activation of the middle trapezius (MT) and lower trapezius (LT) muscles at 45° and 90° of glenohumeral
abduction, with error bars indicating +1 standard error of the mean (SEM).

Asterisks (*) denote statistically significant differences between exercises 1 and 2 within each group (p < 0.05,

independent samples t-test).

4. Discussion

This study investigated shoulder muscle recruitment differences between tennis players (TP)
and non-tennis players (N-TP) through electromyographic (EMG) analysis during tasks performed
at 90° and 45° of shoulder abduction during two symmetrical exercises of scapular retraction, in prone
position and Standing with a resistance band. The results revealed several statistically significant
differences, suggesting that regular engagement in overhead sport such as tennis may lead to distinct
neuromuscular adaptations in shoulder musculature across different shoulder positions and
exercises.

To the very best of our knowledge, there is a lack of studies that specifically investigated
activation patterns and asymmetries in unilateral sports such as tennis doing a preventive exercise.
Given that tennis imposes high unilateral force demands [32,39,40], which can lead to muscular
imbalances [1,7,11,41]and an increased risk of injury [42—45].

The primary aim of this study was to analyze the mean muscle recruitment at 90° and 45° of
glenohumeral abduction between TP and N-TP during the first exercise. The results revelated several
differences in muscle activation patterns between TP and N_TP.

At 90° of glenohumeral abduction in exercise 1 (prone scapular retraction) N-TP exhibited
significant higher mean RMS and RMS peaks for both D and ND sides and MT and LT muscles
(Figure 4). This difference was statistically significant, suggesting that muscle activation levels in N-
TP were notably higher when performing the tested movement. A possible explanation for this
finding is that tennis players, due to the high volume of repetitive unilateral movements—
particularly through the dominant arm —experience repetitive stress on the shoulder, which may lead
to neuromuscular adaptations that alter typical muscle activation patterns. [2,4,46]. In contrast, non—
tennis players, who do not participate in asymmetrical sports activities, tend to maintain a more
balanced activation pattern across different muscle groups, as they are not exposed to the repetitive
stress of high-intensity unilateral movements. In tennis players, this muscular imbalance may lead to
compensatory mechanisms and overloading of specific muscles, such as the trapezius or scapular
stabilizers, thereby impairing their function and increasing the risk of shoulder injuries[47,48]. Along
the same lines, it could be suggested that TP exhibit signs of chronic fatigue or employ compensatory
mechanisms that may reduce the activation of the lower and middle trapezius muscles.
Unfortunately, to the best of our knowledge, there are no previous studies available for direct
comparison regarding the activation patterns of the lower or middle trapezius. Existing research has
primarily focused on the activity of the supraspinatus, infraspinatus, posterior deltoid, and pectoralis
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major during specific sport-related movements, rather than during preventive exercises such as those
used in our study [10]. When comparing the first exercise with the second (Figures 4 and 8),
significant differences were observed during the first exercise at 90°, whereas no such differences
were noted in the second exercise. Nevertheless, the mean muscle activation of the middle and lower
trapezius muscles was generally higher in TP compared to non-tennis players. The primary
distinction between the two exercises lies in body position, despite both aiming to achieve scapular
retraction. In the first exercise, participants performed the movement in a prone position (lying face
down), while in the second, the task was executed in a standing posture. This difference in
positioning may explain the variation in muscle activation.

The prone position offers a more stable and balanced base of support, allowing for greater
isolation and targeted recruitment of specific scapular stabilizers. In contrast, during the standing
exercise, the body must actively maintain balance and posture, which demands greater involvement
of trunk and pelvic stabilizing muscles. This additional requirement may redirect neuromuscular
engagement toward supporting muscles—such as the deltoids or trunk stabilizers—thereby
diminishing the relative activation of the middle and lower trapezius muscles compared to the prone
condition [48]. Gravity also influences the mechanics of the exercise, as standing requires the muscles
to counteract a different distribution of forces, necessitating greater body stabilization during
movement. This shift in mechanical demand may affect the specific activation of the scapular
musculature [47-50].

No significant differences were observed in the activation of the trapezius muscles between TP
and N-TP during the execution of the first and second exercises (bilateral adduction in the prone
position) at 45° of glenohumeral abduction. However, the median levels of muscle activation tended
to be higher among non-tennis players. This observation may be explained by the fact that alterations
in scapular kinematics related to trapezius activation have primarily been studied in the context of
active shoulder flexion and abduction tasks. Evidence suggests that individuals with shoulder pain
during arm elevation frequently exhibit dysfunctional scapular mechanics, characterized by
excessive activation of the upper trapezius and reduced or delayed activation of the lower and middle
trapezius, as well as the serratus anterior. The presence of scapular dyskinesis may indicate impaired
neuromuscular control —either in terms of activation magnitude or timing—or insufficient strength
of the scapulothoracic musculature [50].Furthermore, in this position, TP may compensate for the
movement with the deltoid, which could result in a reduced activation of the trapezius. The deltoid
plays a role in controlling scapular retraction and arm abduction. However, instead of maintaining
primary activation in the scapular stabilizers, such as the middle and lower trapezius, TP may rely
on the deltoid [21,51]. This is particularly relevant for TP, who perform repetitive, high-load,
unilateral movements, which can lead to suboptimal activation of the scapular stabilizers, such as the
middle and lower trapezius. This imbalance in muscle activation and neuromuscular control may
increase the risk of muscle imbalances and long-term shoulder injuries [2,3].

In relation to the results comparing asymmetries between TP and non-tennis players, we can
observe that in the first exercise (Table 4), TP show more symmetry, both at 90° and 45°. In contrast,
in the second exercise, the results indicate greater symmetry in non-tennis players. However, it is
important to highlight that at 45° in the second exercise (Table 5), TP exhibit more asymmetry. This
could be attributed to the fact that the specific sports gesture in tennis often occurs around 45°.
Consequently, at this angle, the musculature may become unbalanced or misaligned, leading to the
activation of other muscles to compensate for these imbalances. This may result in side differences
(i.e., inter-limb asymmetry) between the stroke arm and non-stroke arm in terms of upper limbs’
performance, which can further increase with years of training [52]. It is therefore essential to
investigate these asymmetries and associated muscle activation patterns during the execution of
preventive exercises. Furthermore, to account for sport-specific demands, we evaluated muscle
activation and asymmetry at movement angles highly relevant to tennis, including 45°, rather than
limiting the analysis to the traditionally examined 90°. While previous studies have primarily focused
on joint range of motion at 90°, the inclusion of the 45° position in our study provides a more
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comprehensive and tennis-specific perspective on shoulder mechanics. This enhanced understanding
could inform the development of more effective training interventions tailored for tennis players,
ultimately aiding in injury prevention and performance improvement. Moreover, the sport-specific
movements in tennis tend to involve high unilateral demand, which can create imbalances in muscle
recruitment over time. In contrast, N-TP, who engage in less repetitive unilateral activity, might
demonstrate more symmetrical muscle activation [11,53,54]. Asymmetries between 10% and 15% are
often associated with a higher risk of injury and reduced performance [11].

Table 5. Muscle Symmetries During Standing bilateral adduction at 90° and 45°.

Group Mean (SD) ES p
2.5_MT_90° Tennis player 774 (15.6) 4.04 0.939
No tennis player 77..7 (11.7) 2.43 0.8111
2.5 LT_90° Tennis player 76.2 (12.7) 3.28 0.808
No tennis player 77.5(18.2) 3.80 0.437
2.5 MT_45° Tennis player 76.9 (14.7) 3.78 0.882
No tennis player 76.2 (14.4) 3.00 0.917
2.5 LT_45° Tennis player 75.9 (18.5) 4.76 0.679
No tennis player 78.3 (17.0) 3.55 0.834

Tennis players, especially at the 45°, might show more pronounced asymmetries because the
muscles involved in tennis (such as the deltoids, rotator cuff, and scapular stabilizers) may develop
differently on each side of the body. This asymmetry is due to the sport’s high reliance on one side of
the body for specific actions, such as serving or forehand/backhand strokes [52]. Over time, the body
adapts, and these adaptations may cause an imbalance in muscle symmetry. At 90°, the differences
may be less pronounced because the movement is less specific to the sport, thus minimizing the effect
of this imbalance.

A crucial factor in altered scapular movement and/or shoulder injuries is the imbalance in
scapular muscle activation, which includes reduced activation of the lower trapezius or middle
trapezius. Functionally, the middle trapezius and lower trapezius contribute to scapular stability by
limiting unnecessary vertical and horizontal displacements of the scapula and maintaining its proper
positioning [55,56].

Another important contribution of the present study is the consideration of the peak RMS
recorded during the three repetitions of the test. The results obtained during the execution of the first
exercise on 90° (Figure 6) show that, N-TP exhibit higher values compared to TP and are statistically
difference of the peak RMS. The results suggest that N-TP exhibit greater activation of the middle
and lower trapezius muscles, possibly due to a more balanced muscular performance pattern, as they
do not engage in an asymmetric sport like tennis [47,53,54]. Tennis, characterized by a high number
of high-power groundstrokes performed unilaterally, which means that one side of the body bears
the brunt of the force and muscular activation during the sport, and leads to muscle imbalances. The
muscles responsible for generating movement are continuously engaged and overtraining [46,52,57],
while the muscles involved in stabilizing the shoulder and decelerating the movement, such as the
middle and lower trapezius, are less frequently activated and may be relatively underdeveloped
compared to those in non-tennis players, who engage in more balanced, bilateral activities. As a
result, N-TP may demonstrate a higher activation of these stabilizing muscles during exercises
designed to activate them, as they have a more uniform recruitment pattern.

However, at 45° in the first exercise (Figure 7), no significant differences were observed in the
peak RMS between TP and non-tennis players. Even so, N-TP exhibited slightly higher RMS values.
The absence of significant differences may indicate that, at 45°, the muscle activation patterns are
more similar between both groups. Although most tennis strokes are performed at angles around
45°, the lack of significant differences in muscle activation during the preventive exercises at this
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angle may indicate that both TP and N-TP engage their trapezius muscles in a similar way during
these specific exercises. Additionally, the position used in the first exercise involves a more stretched
posture, which provides greater overall body stability and isolates the targeted muscles (e.g.,
trapezius) more effectively [47-50]. This isolation and stability allow for more consistent muscle
activation patterns, potentially minimizing external factors that might otherwise influence the results.
As a result, both TP and N-TP show similar muscle activation, since the exercise emphasizes
controlled, isolated movements. Despite the specific angle of 45° being relevant for tennis strokes, the
controlled environment of this exercise may reduce the impact of sport-specific imbalances, leading
to similar activation levels between both groups [54]. Non-tennis players, with less sport-specific
asymmetry, may show more generalized activation patterns, contributing to the slightly higher RMS
values observed in their group.

In the second exercise at 90° and 45° (Figures 8 and 9), no significant differences were found
between TP and N-TP. However, the mean peak RMS values were slightly higher in N-TP compared
to tennis players. The explanation could be related to the postural differences and muscle recruitment
patterns in standing exercises compared to exercises performed in a more stable, isolated position. In
the second exercise (standing and scapular retraction), tennis players, who often perform dynamic,
high-velocity movements, may have a higher degree of muscle recruitment efficiency in sport-specific
actions, but they might not activate certain stabilizing muscles in exercises like scapular retraction
[48]. These muscles, including the middle and lower trapezius, might not be as actively engaged in
TP due to the specificity of their training, leading to a lower RMS in comparison to non-tennis players.

Non-tennis players, however, may rely more on general muscle activation patterns when
performing the scapular retraction in a standing position. Since they do not have the same specialized
activation patterns developed through sport-specific training, they may activate a broader range of
muscles, resulting in higher RMS values. Additionally, the standing position in this exercise could
require greater overall recruitment of stabilizer muscles to maintain posture and perform the
movement, which might be less specific to tennis and therefore cause N-TP to engage their muscles
more uniformly.

Regarding the differences on the muscles activation across the purposed exercises, each exercise
was performed at two shoulder abduction angles (45° and 90°). The analysis revealed differences in
neuromuscular activation both between exercises and between athletic populations. When
comparing EMG responses between two scapular retraction exercises—Exercise 1, performed in a
prone position, and Exercise 2, executed standing with elastic resistance —among groups, in the TP,
the maximal activation of LT in ND side recorded at 45° of glenohumeral abduction showed lower
muscle activation in Exercise 1 (prone) compared to Exercise 2 (standing) (p = 0.0449, d = -0.77,
moderate effect size). In contrast, in the N-TP group, the maximal activation of LT at 90° showed
higher muscle activation in Exercise 1 (prone) compared to Exercise 2 (standing) in both dominant (p
=0.0027, d = 0.94, large effect size) and non-dominant side (p = 0.0422, d = 0.62, moderate effect size).
This suggests a differential muscle recruitment strategy likely influenced by posture, stability
demands, and elastic load.

Overall, prone scapular retraction (Exercise 1) tended to elicit greater muscle activation in
variables with significant or moderate effects, especially in the TP group. This may reflect their
greater familiarity with scapular control in closed kinetic chain positions, potentially due to sport-
specific adaptations. In contrast, the N-TP group showed less consistent differences between
exercises, suggesting a more generalized neuromuscular response. These findings support the
inclusion of both prone and elastic band retraction exercises in shoulder rehabilitation programs,
while tailoring angle and modality based on athletic background and neuromuscular demands. More
specifically, the present findings suggest that the prone scapular retraction exercise (exercise 1) is
more effective at activating the middle and lower trapezius muscles in tennis players, particularly at
90° of glenohumeral abduction. This pattern may be attributed to sport-specific adaptations
associated with repeated overhead movements in tennis, which are known to alter scapular muscle
recruitment patterns [56,58]. Prone shoulder horizontal abduction is commonly used to strengthen
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the lower trapezius. Previous studies comparing lower trapezius activation across various exercises
have suggested that performing this exercise in alignment with the lower trapezius muscle fibers
may enhance its activation [47,49,59]. Additionally, research has shown that lower trapezius
activation is greater at 125° of shoulder abduction compared to 160°, as the 125° position more closely
aligns with the natural orientation of lower trapezius muscle fibers [49].

The large effect sizes observed in the TP group (Cohen’s d > 1.0) reinforce the efficacy of prone-
based retraction exercises in eliciting targeted activation of key scapular stabilizers. The lower
trapezius plays a crucial role in maintaining scapular posterior tilt and external rotation during
shoulder elevation—a function critical to reducing subacromial impingement risk [58,60,61]. In
contrast, the N-TP group demonstrated only a moderate effect in favor of the standing exercise at 45°
for MT activation. This suggests that non-specialist athletes may benefit from more general
approaches, while overhead athletes may require more specific positioning (e.g., prone, high
abduction) to fully engage the scapular musculature.

The imbalance between upper trapezius overactivity and under-recruitment of the lower
trapezius has been linked to shoulder dysfunction and injury in overhead athletes [62]. Given the
superior activation of LT and MT observed in prone exercises at 90°, incorporating such exercises
into preventive programs may enhance scapular control, reduce the risk of impingement, and
improve kinetic chain integration during service and overhead strokes [63,64]. Therefore, we
recommend the integration of prone scapular retraction exercises at 90° abduction into shoulder
injury prevention protocols for tennis players, particularly during the pre-season and preparatory
phases. Additionally, progression to functional standing variations may be appropriate in later stages
of training or for maintenance in less experienced athletes.

As a practical application, having knowledge about muscle recruitment and asymmetries could
be important for the design of programs to increase the length of the shortest muscles in the limb,
which present the greatest restrictions on external rotation, in order to prevent these restrictions from
leading to future discomfort, biomechanical problems, or injuries of the scapulohumeral complex of
this side. Another application of non-invasive electromyography (EMG) is to identify exercises that
generate the highest activation of target musculature [23,59]. This enables the development of more
precise and effective training regimens, specifically tailored to enhance the relevant muscle groups
for tennis players. By using EMG to assess muscle activation during various exercises, we can
optimize training programs that focus on the biomechanics of the sport, ensuring that exercises are
aligned with the specific demands of tennis. This approach not only ensures more efficient muscle
activation but also helps in reducing the risk of injury by promoting balanced muscle development,
which is critical for improving athletic performance. Furthermore, tailoring training to the
biomechanical demands of tennis allows for more sport-specific conditioning, which is essential for
enhancing both strength and movement efficiency on the court. Moreover, coaches could choose
between assessing at 45° or 90° depending on the technical deficits observed in their athletes, thus
helping professional athletes avoid overuse problems and enabling non-professional TP to guarantee
their correct technical development. For example, a proper tennis drive requires a glenohumeral
position that optimizes power, precision, and control. This position involves several key
biomechanical elements: The shoulder should be slightly abducted, typically between 45° and 90°, to
allow a wide range of motion and take advantage of the torso and shoulder muscles for power
generation [65].

The present study have several limitations. Firstly, in this study, we focused exclusively on the
muscle activation of the middle and lower trapezius. However, to enhance the validity of our
findings, it would be beneficial to assess the activation of other scapular stabilizers, such as the
infraspinatus, supraspinatus, and rhomboid muscles. These muscles play a crucial role in scapular
stability and shoulder function. However, evaluating their muscle activation using surface
electromyography (EMG) presents significant challenges due to their anatomical location. The
infraspinatus and supraspinatus are deep muscles, partially covered by the deltoid, which can lead
to signal crosstalk and reduced accuracy in EMG readings. Similarly, the rhomboid muscles are
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located beneath the trapezius, making it difficult to obtain reliable and isolated electromyographic
data [50]. Future research should consider alternative methods, such as fine-wire electromyography
or imaging techniques, to better assess the contribution of these muscles to scapular stabilization.

Furthermore, the previous training load of the TP prior to the evaluation, as well as in the days
leading up to the assessment, was not considered. Training load can significantly influence
neuromuscular performance, muscle activation patterns, and fatigue levels, all of which may impact
the results of electromyographic assessments. Neuromuscular fatigue is the exercise induced
reduction in the ability to generate muscle force or power, regardless of whether the task can be
sustained or not [66]. Acute and chronic training loads have been shown to affect muscle recruitment
strategies, potentially altering the activation of scapular stabilizers such as the trapezius,
infraspinatus, and rhomboids. Insufficient recovery or accumulated fatigue from prior training
sessions or during the session could lead to compensatory activation patterns or a decrease in muscle
performance during testing [66].

Finally, this study did not consider the age of the participants or their level of tennis proficiency,
which could have influenced the results. The broad sample, without specific stratification by age and
skill level, may limit the generalizability of the findings to specific populations, such as elite TP or
developing athletes. Experience has been interpreted as functional specialization, which leads to
structural and functional adaptations in the neuromuscular system due to long-term tennis practice.
Although the emergence of functional specialization initially suggests a potential advantage (e.g.,
more powerful and faster stroke actions), evidence indicates a decline in physical performance if
asymmetry exceeds a certain threshold. Despite the documented negative effects of neuromuscular
asymmetry on lower limb athletic performance, there is a lack of studies investigating its impact on
upper limb performance. This is particularly surprising, as neuromuscular asymmetry in upper-
quarter mobility and stability has previously been associated with an increased risk (i.e., risk ratio:
1.2) of sustaining a time-loss musculoskeletal injury in the future [52]. To enhance the validity and
relevance of future research, it would be beneficial to define a more specific age range and classify
participants according to their playing level. This approach would allow for a more precise analysis
of individual differences and their impact on shoulder mechanics.

5. Conclusions

The results of this study provide evidence on the importance of do exercises targeting the
activation of the trapezius in preventive programs to optimize proper muscle activation.

The results suggest that the TP exhibit lower activation of the middle and lower trapezius during
the exercises proposed for injury prevention. However, it seems that, the high unilateral demands of
tennis may lead to muscular imbalances and improper recruitment and activation of the musculature
involved in injury prevention exercises. As a result, it is crucial for TP to incorporate exercises
targeting the muscles that play a key role in injury prevention. These exercises should focus on
improving muscle balance, optimizing neuromuscular activation, and addressing any existing
asymmetries that may arise from the repetitive nature of tennis movements. By including such
exercises in their training regimen, TP can reduce the risk of injury and enhance overall performance.

Evaluating muscle asymmetries helps identify which exercises effectively promote strong
activation to reduce asymmetries in unilateral sports, such as in the case of the TP we assessed.
Therefore, assessing asymmetries during the execution of preventive exercises can help reduce
muscular imbalances and determine which exercises are most effective in activating specific
musculature.

Furthermore, it is essential to consider the specific movements of each sport, as they can
influence muscle activation, asymmetries, and the degree of activation of the targeted musculature
depending on the angle at which the movement is performed. This is particularly important for
optimizing the effectiveness of exercises designed to strengthen specific muscles.

The lower activation of the middle and lower trapezius in TP may be attributed to the sport’s
asymmetric nature, which places disproportionate demands on certain muscle groups while
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neglecting others. To prevent injuries and correct muscular imbalances, TP would benefit from
training programs that promote balanced muscle activation and strengthen stabilizing muscles that
are less engaged during tennis-specific movements.
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