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Featured Application 

The findings of this study can be directly applied to the design of shoulder injury prevention 

programs in tennis players. By identifying the role of limb dominance and shoulder abduction angle 

in trapezius activation, coaches and physiotherapists can select elastic resistance exercises that 

optimize scapular stabilization and correct interlimb asymmetries. These exercises may be integrated 

into warm-up routines, rehabilitation protocols, or long-term conditioning programs to reduce the 

incidence of scapular dyskinesis and shoulder overuse injuries in overhead athletes. 

Abstract 

Shoulder injuries are highly prevalent in tennis due to repetitive unilateral loading and the 

asymmetrical demands of the sport. Preventive protocols often focus on scapular stabilizers, yet 

evidence on muscle recruitment patterns during unilateral elastic resistance exercises remains 

limited. This study compared trapezius activation and asymmetry in tennis players (n = 16) and non-

tennis athletes (n = 23) during unilateral scapular retraction exercises at 45° and 90° of shoulder 

abduction. Surface electromyography recorded bilateral activity of the middle and lower trapezius 

using a validated wireless system. Repeated-measures ANOVA was applied to examine the effects 

of angle, dominance, side, and athlete type. Results showed significantly greater activation at 90° 

compared to 45° (p < 0.05) and pronounced interlimb asymmetries between dominant and non-

dominant sides (p < 0.01). Tennis players exhibited higher non-dominant trapezius activation, 

suggesting compensatory adaptations to repetitive unilateral strokes, whereas non-tennis athletes 

demonstrated more symmetrical recruitment. These findings highlight the role of elastic resistance 

exercises in selectively engaging scapular stabilizers, addressing sport-specific asymmetries, and 

reducing injury risk in overhead athletes. 

Keywords: shoulder mechanics; muscle activation; trapezius asymmetry; tennis; elastic resistance 

 

1. Introduction 

Shoulder injuries are among the most prevalent musculoskeletal conditions in tennis players, 

largely due to the repetitive overhead movements required by the sport. These demands, combined 

with the asymmetrical nature of tennis, often lead to muscular imbalances, particularly within the 

shoulder complex. 

Symmetric and asymmetric sports differ markedly in their neuromuscular demands. While 

symmetric sports involve coordinated bilateral activation, asymmetric sports such as tennis impose 

a unilateral load, with most technical actions executed by the dominant arm [1]. This preferential use 

promotes interlimb asymmetries and neuromuscular imbalances [2], including bilateral strength 
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deficits and disproportionate force production between agonist and antagonist muscles [3]. Together 

with reduced muscular endurance and technical inefficiencies, these adaptations increase the risk of 

overuse injuries in the glenohumeral joint [4]. 

Although many studies have analysed the mechanisms of these adaptations, evidence-based 

preventive protocols for mitigating neuromuscular asymmetries remain limited. Current strategies 

emphasise the activation of interscapular muscles, which are essential for maintaining glenohumeral 

alignment [5–8]. The middle and lower trapezius are particularly important, as they stabilise the 

scapula through upward rotation, retraction, and posterior tilt during overhead actions [9,10]. 

Insufficient activation of these muscles can result in weakness, altered length–tension relationships, 

and impaired scapulothoracic force couples [11]. 

However, there is no clear consensus on the most effective strategies to selectively strengthen 

these muscles. Exercises involving glenohumeral abduction or rowing between 90° and 150° of 

elevation elicit high activation of the lower trapezius [12], while elevation aligned with its anatomical 

orientation (~145°) has also been suggested [13]. Both approaches, however, often lead to upper 

trapezius co-activation, limiting selective recruitment [14]. Furthermore, much of this evidence is 

dated, underscoring the need for updated studies using surface electromyography (sEMG) under 

unilateral conditions. 

Elastic resistance bands have become popular in rehabilitation and injury prevention, though 

only a few studies have assessed their application in tennis. Some evidence indicates improvements 

in range of motion, serve speed, and accuracy, but most findings come from other overhead sports 

such as swimming, volleyball, and handball [6,7,15–17]. Given the explosive and rotational nature of 

tennis strokes, these results cannot be directly extrapolated. Thus, there is a need for sport-specific 

studies assessing the role of elastic resistance in shoulder injury prevention [5,18,19]. 

Additionally, many protocols are based on the mechanics of baseball pitchers, overlooking 

biomechanical differences between sports. Exercises proven effective in one discipline may not be 

equally appropriate in another. This limitation is relevant considering that tennis is widely practiced 

and associated with a high prevalence of injuries linked to muscular imbalances [20–22]. 

Therefore, this study aimed to evaluate trapezius muscle activation and asymmetry during 

unilateral shoulder retraction exercises with elastic resistance bands in tennis and non-tennis athletes, 

with the hypothesis that tennis players would exhibit greater interlimb asymmetry and reduced 

selective activation of the lower trapezius, while elastic resistance would enhance overall scapular 

stabiliser activation compared with exercises performed without resistance. 

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 [23]. 

2.2. Study Population 

This study included a total of 39 athletes from various sports disciplines. Specifically, 16 

participants (41%) were identified as active tennis players, thereby representing the most prevalent 

sport within the sample. The remaining participants were involved in a variety of sports, including 

soccer (n = 8; 20.5%), athletics (n = 2; 5.1%), futsal (n = 2; 5.1%), and one participant each (2.6%) 

engaged in triathlon, basketball, swimming, artistic gymnastics, judo, pole vaulting, dance, 

calisthenics, duathlon, and gym-based training. For analytical purposes, participants were 

categorized into two distinct groups: Tennis Players (TP) group, comprising 16 athletes who actively 

practice tennis, and the Non–Tennis Players (N–TP) group, including 23 athletes who do not 

participate in tennis. Both groups underwent identical physical assessments, and subsequent 

analyses were conducted to identify potential differences between them. 
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Demographic, anthropometric, and descriptive variables were collected in accordance with 

standardized anthropometric protocols to ensure both accuracy and reliability (Table 1). These data 

were initially obtained through a self-reported questionnaire and subsequently verified during the 

assessment phase. Furthermore, all participants were free from any pain or musculoskeletal 

pathology that could compromise their ability to perform shoulder external rotation exercises. 

Table 1. Descriptive characteristics of the participants. 

Descriptives TP N–TP 

n 16 23 

Age (year), mean (SD) 22.0 (7.7) 21.5(8.0) 

Gender, n female (%) 3 (18.7%) 3 (13.0%) 

Body mass (kg), mean (SD) 73.0 (9.3) 75.5 (9.1) 

Height (m), mean (SD) 1.8 (0.07) 1.8 (0.08) 

BMI, mean (SD) 23.6 (2.2) 24.0 (2.0) 

Shoulder injury history, n yes (%) 3 (18.7%) 7 (30.4%) 

Shoulder pain during practice, n yes (%) 3 (13.0%) 7 (30.4%) 

VAS (0–10) of pain, n (%) 0, 13 (75%) 0, 16 (69.5%) 

 2, 1 (6.2%) 2, 3 (13.0%) 

 3, 0 (0.0%) 3, 0 (0.0%) 

 4, 1 (6.2%) 4, 1 (4.3%) 

 5, 1 (6.2%) 5, 2 (8.6%) 

Dominant right limb, n yes (%) 16 (100%) 21 (91.3%) 

Sport experience (years), mean (SD) 12 (8.0) 10 (8.8) 

Competition experience (years), mean (SD) 10 (4.8) 9.5 (5.5) 

All participants met the inclusion criteria (Table 2) and received both written and verbal 

explanations of the study procedures before the assessment session. After being provided with 

detailed information, each participant signed an informed consent form in accordance with the latest 

revision of the Declaration of Helsinki by the World Medical Association (2013) [24]. 

Table 2. Inclusion criteria. 

Inclusion Criteria  

1. Tennis players were affiliated with a recognized high-performance tennis academy or training center 

2. Non–tennis players must not have engaged in any racquet sports at any point in their athletic careers. 

3. Players must have a minimum of 2 years of experience in their respective sports. 

4. Participants must not suffer from any ailment or discomfort that would prevent him/her from performing the 

shoulder prevention exercise. 

5. Participants must not be under any pharmacological treatment during the entire duration of the study. 

6. Participants must not have sustained any musculoskeletal injuries in the three month prior to the initiation of 

the study. 

2.3. Outcomes 

The primary outcome measures analysed in this study included the Root Mean Square (RMS) 

(µV), the Mean Maximum Amplitude (µV) of three repetitions, and muscle symmetry (%). The 

Muscle Symmetry Index was used to quantify the similarity in muscle activity between two muscles, 

categorized as follows: asymmetrical (0–79% similarity), borderline (80–89% similarity), and 

normal/symmetrical (90–100%) [25]. 

These variables were specifically examined in the lower and middle trapezius muscles on both 

the right and left sides, considering each player's dominant side for a more precise evaluation of 

muscle asymmetry and its potential impact on performance. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 November 2025 doi:10.20944/preprints202511.0255.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202511.0255.v1
http://creativecommons.org/licenses/by/4.0/


 4 of 16 

 

Electromyographic (EMG) data were recorded using the mDurance® system (mDurance® 

Solutions SL, Granada, Spain), which integrates the EMG Shimmer3 unit (Realtime Technologies 

Ltd., Dublin, Ireland). The mDurance® system utilizes a validated surface EMG methodology 

designed for accurate muscle activation assessment. This advanced system combines user-friendly 

software with lightweight hardware, making it practical and accessible for both clinical and sports 

performance applications. The Shimmer3 unit within the system is a bipolar surface EMG sensor 

specifically designed for precise muscle activity acquisition. Each unit features two recording 

channels, a sampling frequency of 1024 Hz, a bandwidth of 8.4 Hz, and 24-bit resolution, with a signal 

amplification range of 100 to 10,000 V/V. This configuration ensures high-quality data capture for 

detailed analysis. The reliability and validity of the mDurance® system in recording muscle activity 

during functional tasks have been well established in prior research, showing excellent intraclass 

correlation coefficients (ICC = 0.916; 95% CI = 0.831−0.958) [26]. These features make the system an 

invaluable tool for researchers and practitioners assessing neuromuscular performance in real-world 

settings. The mDurance Android app received data from the Shimmer3 unit and transmitted it to a 

cloud service, where the data were stored, filtered, and analysed [26]. 

During exercise execution, both the participant and the therapist could observe real-time graphs 

of muscle activation and joint mobility, facilitating a self-correction biofeedback model. Furthermore, 

a final performance report was generated to provide comprehensive insights into the assessment 

outcomes (Figure 1). 

 

Figure 1. Exercise: Left Side Plank (LSP) with resistance band at 90°. 

  

(a) (b) 

Figure 2. Electrodes placement: (a) Middle trapezius (MT): The electrode was positioned between the spinous 

processes of the third (T3) and fifth (T5) thoracic vertebrae, following the orientation defined by the line 

connecting T5 and the acromion (Line A–T5). A reference (neutral) electrode was placed on the surface of the 
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acromion. (b) Lower trapezius (LT): The electrode was placed following the anatomical line extending from the 

trigonum spinae to the spinous process of the eighth thoracic vertebra (T8) (Line A–T8). An additional alignment 

was defined by the line connecting T8 and the acromion (Line B–T8). The neutral electrode was consistently 

located on the acromion surface. 

2.4. Procedure 

Following the collection of participants’ descriptive information via a structured questionnaire 

and the subsequent classification into tennis players (TP) and non–tennis players (N–TP), the 

experimental protocol proceeded with the standardized placement of surface electromyography 

(sEMG) electrodes. 

Electrode Placement 

All participants underwent skin preparation for EMG recording, which included shaving, 

scrubbing, and cleaning the skin with alcohol to minimize impedance (<10kΩ) [10]. Surface EMG 

electrodes were then placed over the muscle bellies, aligned with the muscle-fibbers orientation, for 

the following muscles: 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 

positioned on the muscle belly following the recommendations of the SENIAM project [27], 

maintaining an interelectrode distance of 20 mm (Table 3). 

Table 3. Electrode placement. 

Muscle Electrode Placement Orientation 

Lower trapezius (LT) 
At 2/3 on the line from the trigonum spinae to 

the 8th thoracic vertebra 
The line between T8 and the acromion 

Middle trapezius (MT) 
At 50% between the medial border of the 

scapula and the spine, at the level of T3 

Direction of the line between T5 and the 

acromion 

Lower trapezius (LT); T8: spinous process of the 8th thoracic vertebra; Middle trapezius (MT); T3: spinous 

process of the 3rd thoracic vertebra; T5: spinous process of the 5th thoracic vertebra. 

2.5. Experimental Procedure 

Participants executed one exercise outlined in the study protocol to analyze the activation 

patterns of the interscapular musculature during their performance and progression. Prior to each 

assessment session, participants were advised to avoid engaging in high-intensity physical activity 

for at least 24 hours. 

2.5.1. Recording Muscle Activity 

Participants completed the specific exercise included in the study protocol to evaluate the 

activation patterns of the interscapular musculature during execution and progression. Surface 

electrodes were bilaterally positioned over the middle and lower trapezius muscles, allowing for 

simultaneous muscle activity recording. Each testing session lasted approximately 10 minutes per 

exercise and per participant, which included the time allocated for electrode placement. All 

procedures were non-invasive, posed no risk to the participants, and did not entail any financial cost. 

Moreover, the use of surface electromyography ensured a comfortable experience, while the 

experimental setup allowed participants to execute the movements freely and without restriction. 

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

sessions. 

Each individual completed the exercise, with a maximum duration of 10 minutes, including 

electrode placement. The assessments posed no particular risk to participants, and all tests were 

conducted at no cost. Surface electromyography, which is non-invasive and does not cause 

discomfort, was used, and the wires allowed for unrestricted movement. 
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Study members received detailed instructions on the correct execution of the exercise. They 

performed a series of three contractions, followed by a one-minute rest period. The primary objective 

of the exercises was to promote scapular retraction during each contraction while coordinating with 

breathing. Participants were instructed to inhale while performing scapular retraction 

simultaneously. This intervention aimed to enhance muscle function in the scapular region, ensuring 

proper alignment and optimizing biomechanical performance in functional activities. 

2.5.2. Exercise  

The first exercise involved a side-lying external rotation movement with elastic resistance, 

designed to emphasize scapular stability, external rotator activation, and core engagement. 

Participants were positioned in a side-lying posture on a mat, with the lower arm supporting the 

head and the knees slightly flexed to maintain balance. The upper arm held a resistance band, 

anchored under the lower arm or body, with the elbow flexed at approximately 90° and the shoulder 

positioned in slight abduction. 

Prior to the initiation of electromyographic recording, participants performed a maximal 

scapular retraction to determine the appropriate loop tension for each individual. A multi-loop 

resistance band (Flexvit Multi, Flexvit Bands, Germany) was utilized, with the loops individually 

adjusted to each participant’s wingspan to optimize the range of motion and facilitate maximal 

scapular adduction. 

During the concentric phase, participants executed shoulder external rotation by raising the 

hand upward while maintaining elbow alignment and scapular stability, synchronized with a deep 

inhalation. In the eccentric phase, the forearm was lowered in a controlled manner during exhalation, 

ensuring continuous activation of the rotator cuff and scapular stabilizers. The exercises were initially 

performed at a 90° angle, followed by execution at 45°. Consistent with the previous protocol, 

assessments were conducted first at 90°, followed by 45°. 

2.6. Statistical Analysis 

A repeated-measures ANOVA was conducted to examine the effects of the factors Angle (45° vs 

90°), Side (dominant vs non-dominant), and Muscle, as well as their interactions, on the dependent 

variable. Player Type was included as a between-subjects factor. 

3. Results 

3.1. Muscle Recruitment During Right and Left Side Plank at 90° and 45° 

At 90° of shoulder abduction, non-tennis players exhibited greater activation of the middle 

trapezius on the dominant side (p=0.002), whereas tennis players showed higher activation of the 

middle trapezius on the non-dominant side (p=0.005).For the lower trapezius, tennis players 

demonstrated greated activation on both the dominant (p=0.013) and non-dominant sides (p=0.049), 

while non-tennis players presented the highest overall values for the non-dominant side (p<0.001). 

At 45°, non-tennis players showed significantly greater activation of the middle trapezius on the 

dominant side (p=0.001), whereas tennis players presented higher activation on the non-dominant 

side (p=0.018). Regarding the lower trapezius, tennis players significantly higher activation on the 

dominant side (p=0.007), while non-tennis players again exhibited greater activity on the non-

dominant side (p<0.001); see Table 4. 
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Table 4. Muscle Recruitment activation (mean ± SD, µV) of the middle and lower trapezius during left side plank 

exercises performed at 45° and 90° of shoulder abduction in tennis players (TP) and non-tennis players (N-TP). 

 Group Mean (SD) ES p 

LSP_MT_D_90° 
Tennis player 272 (108) 27.8 0.360 

No tennis player 299 (180) 37.5 0.002* 

LSP_MT_ND_90° 
Tennis player 202 (145) 37.5 0.005* 

No tennis player 238 (88.8) 18.5 0.296 

LSP_LT_D_90° 
Tennis player 281 (190) 49.0 0.013* 

No tennis player 280 (162) 33.7 0.075 

LSP_LT_ND_90° 
Tennis player 149 (101) 26.0 0.049* 

No tennis player 234 (135) 28.2 <.001* 

LSP_MT_D_45° 
Tennis player 247 (102) 26.5 0.442 

No tennis player 249 (152) 31.7 0.001* 

LSP_MT_ND_45° 
Tennis player 163 (97) 25.1 0.018* 

No tennis player 245 (108) 22.4 0.237 

LSP_LT_D_45° 
Tennis player 245 (160) 41.2 0.007* 

No tennis player 271 (150) 31.2 0.105 

LSP_LT_ND_45° 
Tennis player 137 (75.5) 19.5 0.420 

No tennis player 252 (161) 33.5 <.001* 

Left Side Plank (LSP); Dominant (D); Non-Dominant (ND); Middle trapezius (MT); Lower trapezius (LT); 

Standard deviation (SD); ES = Effect size (Cohen’s d); p = significance. 

For the right side plank (RSP), significant significant differences in muscle activation were 

observed in the lower trapezius (LT). Tennis players exhibited greater activation than non-tennis 

players on the non-dominant side at 90° of shoulder abduction (p = 0.033), as well as on both the 

dominant (p = 0.043) and non-dominant sides (p = 0.039) at 45°; see Table 5. 

Table 5. Muscle Recruitment activation (mean ± SD, µV) of the middle and lower trapezius during right side 

plank exercises performed at 45° and 90° of shoulder abduction in tennis players (TP) and non-tennis players 

(N-TP). 

 Group Mean (SD) ES p 

RSP_MT_D_90° 
Tennis player 225 (112) 28.8 0.853 

No tennis player 230 (92.8) 19.4 0.899 

RSP_MT_ND_90° 
Tennis player 251 (158) 40.9 0.075 

No tennis player 274 (110) 22.9 0.211 

RSP_LT_D_90° 
Tennis player 154 (78.8) 20.4 0.682 

No tennis player 197 (112) 23.4 0.059 

RSP_LT_ND_90° 
Tennis player 279 (195) 50.3 0.033* 

No tennis player 358 (178) 37.0 0.091 

RSP_MT_D_45° 
Tennis player 199 (99.2) 25.6 0.207 

No tennis player 232 (91.8) 19.1 0.038 

RSP_MT_ND_45° 
Tennis player 244 (126) 32.5 0.169 

No tennis player 237 (104) 21.7 0.026 

RSP_LT_D_45° 
Tennis player 158 (75.1) 19.4 0.425 

No tennis player 220 (110) 22.9 0.043* 

RSP_LT_ND_45° 
Tennis player 265 (176) 45.3 0.039* 

No tennis player 297 (152) 31.8 0.536 

Right Side Plank (RSP); Dominant (D); Non-Dominant (ND); Middle trapezius (MT); Lower trapezius (LT); 

Standard deviation (SD); ES = Effect size (Cohen’s d); p = significance. 
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A significant main effect of angle was observed (F(1,36)= 6.67, p=0.014), with higher activation 

values recorded at 90° compared to 45°. A significant interaction between plank type and side was 

also found (F(1,36)=19.52, p<0.001). 

In addtion, a significant three-way interaction involving plank type, muscle, and side was 

detected (F(1,36)=9.94, p=0.003), as well as a significant three-way interaction between plank type, 

side, and shoulder abduction angle (F(1,36)= 6.72, p=0.014). Comparision within groups revealed 

significant differences between the LSP and RSP in TPs for MT at 90 ° and 45 ° (p<0.05). 

Finally, a significant four-way interaction was found between plank type, side, angle, and player 

type (F(1,36)= 5.67, p=0.023). No other main effects or interactions reached statistical significance 

(p>0.05); see Figure 2  

 

Figure 2. Comparision of mean RMS muscle activation (µV) during Left (LSP) and Right (RSP) Side Plank with 

resistance band in tennis players (TPs) and non-tennis players (N-TPs). 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 Left Side Pland and Right Side Plank within group (p < 0.05, paired-sample 

ANOVA). 

3.2. Inter-Limb Symmetries During Right and Left Side Plank at 90° and 45° 

A significant difference between groups was observed for the Left Side Plank of the Middle 

Trapezius at 45°, where non-tennis players exhbited higher mean RMS values compared to tennis 

players (p=0.010). All other comparisions did not reach statistical significance (p>0.05) (Table 6) 

Table 6. Muscle symmetries during Left ans Right Side plank Presents the mean (SD), effect size (Cohen’s d), 

and p-values for each muscle, angle, and group comparision. 

 Group Mean (SD) ES p 

LSP_MT_90° 
Tennis player 62.3 (21.6) 5.58 0.058 

No tennis player 70.7 (18.3) 3.82 0.205 

LSP_LT_90° 
Tennis player 54.3 (24.3) 6.27 0.448 

No tennis player 64.6 (24.4) 5.09 0.166 

LSP_MT_45° 
Tennis player 62.1 (23.3) 6.01 0.647 

No tennis player 64.4 (18.4) 3.83 0.821 

LSP_LT_45° Tennis player 59.4 (25.4) 6.56 0.182 
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No tennis player 62.5 (20.8) 4.34 0.628 

RSP_MT_90° 
Tennis player 69.1 (22.2) 5.72 0.405 

No tennis player 72.3 (17.8) 3.71 0.279 

RSP_LT_90° 
Tennis player 51.8 (21.1) 5.44 6.01 

No tennis player 57.6 (22.4) 4.68 4.24 

RSP_MT_45° 
Tennis player 70.5 (23.3) 6.01 0.172 

No tennis player 72.8 (20.4) 4.24 0.010* 

RSP_LT_45° 
Tennis player 62.0 (21.4) 5.52 0.239 

No tennis player 54.3 (16.3 3.41 0.665 

Left Side Plank (LSP); Right Side Plank (RSP); Middle trapezius (MT); Lower trapezius (LT); Standard deviation 

(SD); ES = Effect size (Cohen’s d); p = significance. 

A repeated-measures ANOVA revealed a significant main effect of muscle (F(1,36)=10.47), 

p=0.003), indicating differences in mean RMS activation between the middle and lower trapezius. A 

significant interaction between exercise type and msucle was also oberseved (F(1,36)=4.37, p=0.044), 

suggesting that changes in exercise side (LSP vs RSP) affected the two muscles differently (Figure 3) 

 

Figure 3. Inter-limb symmetries during right and left side plank exercises performed at 45° and 90° of shoulder 

abduction in tennis players (TP) and non-tennis players (N-TP). Bars represent the mean ± SD of muscle 

symmetry (%) for the middle trapezius (MT) and lower trapezius (LT) at both angles (45° and 90°). Asterisks (*) 

indicate significant differences between groups (p < 0.05). 

3.3. Peak Muscle Activation During Right and Left Side Plank at 90° and 45° 

For the LSP, the activation of the MT at 90° was significantly higher in tennis players (p=0-008), 

as well as the LT at 90° (p=0.002). Additionally, the LT in the non-dominant arm at 90° showed a 

significant differences between groups (p<0.001). 

At 45°, the MT in the non-dominant side also presented a significant difference (p=0.025), and 

the LT in the dominant side at 45° was significantly different (p<0.001); see Table 8. 
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Table 8. Peak muscle activation (mean ± SD, µV) of the middle and lower trapezius during left side plank 

exercises performed at 45° and 90° of shoulder abduction in tennis players (TP) and non-tennis players (N-TP). 

 Group Mean (SD) ES p 

LSP_MT_D_90° 
Tennis player 637 (251) 64.9 0.515 

No tennis player 748 (371) 377.3 0.399 

LSP_MT_ND_90° 
Tennis player 388 (265) 68.5 0.008* 

No tennis player 490 (202) 42.2 0.108 

LSP_LT_D_90° 
Tennis player 565 (408) 105 0.002* 

No tennis player 615 (366) 76.3 0.094 

LSP_LT_ND_90° 
Tennis player 286 (164) 42.4 0.569 

No tennis player 441 (267) 55.7 <.001* 

LSP_MT_D_45° 
Tennis player 537 (211) 54.6 0.824 

No tennis player 615 (343) 71.5 0.066 

LSP_MT_ND_45° 
Tennis player 305 (180) 46.5 0.025* 

No tennis player 499 (223) 46.6 0.053 

LSP_LT_D_45° 
Tennis player 500 (369) 95.2 <.001* 

No tennis player 596 (309) 64.5 0.394 

LSP_LT_ND_45° 
Tennis player 268 (133) 34.4 0.532 

No tennis player 456 (270) 56.4 0.006 

Left Side Plank (LSP); Dominant (D); Non-Dominant (ND); Middle trapezius (MT); Lower trapezius (LT); 

Standard deviation (SD); ES = Effect size (Cohen’s d); p = significance. 

For the RSP, significant differences in peak muscle activation were observed between groups in 

three conditions. Specificalley, tennis players showed higher activation of the middle trapezius in the 

non-dominant side at 90° (p=0.016), as well as greater activation of the LT in both the dominant side 

at 90° (p=0.039) and non-tennis players ton he dominant side at 45° (p=0.037) (Table 9) 

Table 9. Peak muscle activation (mean ± SD, µV) of the middle and lower trapezius during left side plank 

exercises performed at 45° and 90° of shoulder abduction in tennis players (TP) and non-tennis players (N-TP). 

 Group Mean (SD) ES p 

RSP_MT_D_90° 
Tennis player 432 (218) 56.3 0.407 

No tennis player 478 (216) 45.0 0.983 

RSP_MT_ND_90° 
Tennis player 573 (399) 103 0.016* 

No tennis player 655 (257) 53.5 0.583 

RSP_LT_D_90° 
Tennis player 298 (131) 33.9 0.430 

No tennis player 398 (228) 47.5 0.039* 

RSP_LT_ND_90° 
Tennis player 541 (375) 96.8 0.046 

No tennis player 709 (357) 74.4 0.638 

RSP_MT_D_45° 
Tennis player 409 (215) 55.6 0.284 

No tennis player 458 (171) 35.7 0.154 

RSP_MT_ND_45° 
Tennis player 534 (242) 67.7 0.344 

No tennis player 545 (248) 51.7 0.142 

RSP_LT_D_45° 
Tennis player 296 (141) 36.4 0.559 

No tennis player 422 (219) 45.6 0.037* 

RSP_LT_ND_45° 
Tennis player 508 (344) 88.8 0.103 

No tennis player 637 (329) 68.6 0.417 

Right Side Plank (RSP); Dominant (D); Non-Dominant (ND); Middle trapezius (MT); Lower trapezius (LT); 

Standard deviation (SD); ES = Effect size (Cohen’s d); p = significance. 
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Significant differences in peak RMS activation were identified across conditions considering 

limb dominance, muscle type, angle of shoulder abduction, and player type (tennis players [TPs] vs. 

non-tennis players [N-TPs]). 

For the dominance factor, RMS peak values were significantly higher in the dominant limb 

across participants (p = 0.001, η²ₚ = 0.262). Regarding angle, shoulder abduction at 90° elicited 

significantly greater activation compared to 45° (p = 0.001, η²ₚ = 0.261).  

A significant interaction between muscle and limb side (p = 0.011, η²ₚ = 0.166) showed that 

activation patterns differ between MT and LT depending on the side of execution (left vs. right plank). 

The muscle × dominance interaction reached significance (p = 0.023, η²ₚ = 0.135). Similarly, the angle 

× dominance interaction (p = 0.023, η²ₚ = 0.135) (Figure 4) 

 

Figure 4. Comparison of peak RMS muscle activation (µV) between Left Side Plank (LSP) and Right Side Plank 

(RSP) in tennis players (TPs) and non-tennis players (N-TPs). Each bar represents the average peak activation of 

the middle trapezius (MT) and lower trapezius (LT) muscles at 45° and 90° of glenohumeral abduction. Error 

bars represent ±1 standard error of the mean (SEM). Asterisks (*) indicate statistically significant differences 

between the two exercises within each group (p < 0.05, paired-sample t-test). 

4. Discussion 

This study analysed neuromuscular recruitment and interlimb asymmetry of the middle (MT) 

and lower trapezius (LT) in tennis players (TPs) and non-tennis players (N-TPs) during unilateral 

scapular stabilization exercises at 45° and 90° of glenohumeral abduction with elastic resistance. 

Elastic bands were highlighted as a practical tool for injury prevention. The hypothesis of reduced 

LT activation and increased asymmetry in TPs was only partially confirmed, but the results reinforce 

the role of elastic resistance exercises in selectively engaging scapular stabilizers and exposing 

functional imbalances. 

Tennis players consistently showed greater ND activation, particularly at 90° of abduction, with 

moderate-to-large effect sizes (d = 0.66–0.94). This is likely due to the increased biomechanical 

demands at higher elevation angles, where a longer external moment arm and reduced passive 

support from capsuloligamentous structures amplify scapular stabilizer requirements [7,28,29]. In 

contrast, N-TPs displayed more symmetrical recruitment, suggesting that the adaptations observed 

in TPs are sport-specific, reflecting unilateral loading demands of training and competition [22,30–

32]. Repetitive exposure to tennis strokes (~1,000 unilateral actions per match [35]) may increase 

contralateral postural control needs and ND scapular activation [33,34]. Moreover, as tennis strokes 

often occur near 45° abduction [5], chronic practice at this angle may induce relative inefficiency or 

weakness in scapular stabilizers [25,32,35]. 

Overactivation of the ND scapular musculature may represent a compensatory strategy to 

enhance trunk and scapular stability under asymmetrical loads [[5,36,37]. This highlights the need to 

consider both abduction angle and loading side when prescribing preventive exercises, since small 

configuration changes substantially influence recruitment [29,33,38]. LT activation was particularly 

evident during resisted side plank, possibly due to trunk orientation and load direction increasing 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 November 2025 doi:10.20944/preprints202511.0255.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202511.0255.v1
http://creativecommons.org/licenses/by/4.0/


 12 of 16 

 

stabilization demands [32,39,40]. The static support role of the dominant limb may further enhance 

contralateral LT activity. 

Peak RMS values were consistently higher at 90° and on the ND side in TPs, suggesting these 

measures may serve as sensitive indicators of neuromuscular imbalance [21,41–44]. Including RMS 

peak values could enrich functional evaluation and monitoring in preventive and rehabilitation 

programs. 

Overall, unilateral side plank with elastic resistance significantly activated scapular stabilizers 

in both groups, particularly the LT. Its unilateral, laterally loaded design combines isometric 

stabilization with elastic tension, closely replicating sport-specific demands. Yet TPs exhibited more 

pronounced asymmetries than N-TPs, supporting the notion that chronic unilateral loading shapes 

scapular neuromechanics [45–48]. These adaptations may involve reorganization of motor strategies, 

with compensatory ND activation helping maintain thoracohumeral stability [30,32,34,36,49]. Such 

findings underline the importance of tailoring preventive training to dominance profile and sport-

specific context. 

Targeted trapezius activation may help reduce risk for scapular dyskinesis and glenohumeral 

internal rotation deficit (GIRD) [3,22,41,42,50–53]. Elastic resistance exercises appear valuable for 

correcting functional imbalances and mitigating chronic sport-induced asymmetries [49,54,55]. Their 

simplicity, low joint stress, and specificity make them suitable for early rehabilitation and long-term 

maintenance, provided angle and loading side are individualized. 

Limitations include the modest sample size of specialized athletes, restriction of EMG to MT and 

LT, lack of kinematic variables, and inherent variability in elastic band loading. Future studies should 

broaden populations, include other asymmetric sports, and adopt longitudinal designs to test 

whether elastic band training reduces asymmetry. Complementary assessments (strength, motor 

control, fatigue) could further clarify adaptations and compensatory strategies. 

Practical Implications 

• Elastic resistance exercises at 90° abduction elicit higher trapezius activation and should be 

prioritised in preventive and rehabilitative protocols for tennis players. 

• Interlimb asymmetry assessment is essential in athletes from unilateral sports, as neuromuscular 

imbalances may increase injury risk if not addressed. 

• Exercise configuration matters: small variations in shoulder abduction angle or side of loading 

can substantially influence recruitment and should be tailored to athlete profile and dominance. 

• Unilateral resisted side plank provides a functional, low-stress exercise option that closely 

replicates sport-specific stabilization demands and can be integrated into both early-stage 

rehabilitation and ongoing maintenance programs. 

5. Conclusions 

This study demonstrated that unilateral shoulder prevention exercises with elastic resistance 

effectively activate the middle and lower trapezius in both tennis and non-tennis athletes, with higher 

recruitment at 90° of abduction. Tennis players exhibited greater interlimb asymmetries, particularly 

with increased activation on the non-dominant side, reflecting sport-specific adaptations to repetitive 

unilateral loading. These findings highlight the importance of incorporating elastic resistance 

exercises at varied shoulder angles to selectively target scapular stabilizers, address neuromuscular 

imbalances, and reduce the risk of shoulder dysfunction in tennis players. Coaches and clinicians 

should tailor exercise selection to the athlete’s dominance profile and sport-specific demands to 

optimize preventive and rehabilitative strategies. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

TP Tennis Players 

N–TP Non–Tennis Players 

LSP Left Side Plank 

RSP Right Side Plank 

MT Middle Trapezius 

LT Lower Trapezius 

D Dominant (side) 

ND Non-Dominant (side) 

SD Standard Deviation 

ES Effect Size (Cohen’s d) 

p Significance Level (p-value) 

RMS Root Mean Square 

µV Microvolts 

ICC Intraclass Correlation Coefficient 

CI Confidence Interval 

sEMG / EMG  Surface Electromyography / Electromyography 

STROBE  Strengthening the Reporting of Observational Studies in Epidemiology 

VAS Visual Analogue Scale 

BMI Body Mass Index 

FPCEE Blanquerna Facultat de Psicologia, Ciències de l’Educació i de l’Esport Blanquerna 

CER Comitè d’Ètica de Recerca (Ethics Committee) 

TPs / N-TPs Plural forms: Tennis Players / Non-Tennis Players 

η²ₚ Partial Eta Squared (effect size in ANOVA) 

SEM Standard Error of the Mean 
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