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Abstract 

Background: Competitive swimming requires optimal shoulder Range of 

Motion (ROM) to maintain efficient stroke mechanics, propulsion, and athletic 

performance. Repetitive overhead movements often reduce shoulder mobility, 

predisposing swimmers to pain and performance deficits. Proprioceptive 

Neuromuscular Facilitation (PNF) stretching and foam rolling are commonly 

used interventions to improve shoulder ROM and functional performance in 

athletes. 

Objective: To compare the effectiveness of PNF stretching and foam rolling on 

shoulder ROM and performance outcomes in competitive swimmers. 

Methods: A comparative pre-test and post-test experimental study was 

conducted among 40 competitive swimmers aged 15–25 years. Participants were 

allocated into two groups (n= 20 each). Group A received PNF stretching, while 

Group B underwent foam rolling for 20 minutes per session, three sessions per 

week, for six weeks. Shoulder internal and external rotation ROM was assessed 

using a universal goniometer, and swimming performance was evaluated using 

the 25-m swimming test. Statistical analysis was performed using paired and 

independent t-tests, with the level of significance set at p ≤ 0.05. 

Results: Both groups demonstrated statistically significant improvements in 

shoulder internal and external ROM and 25-m swimming performance following 

the intervention (p ≤ 0.05). However, participants receiving PNF stretching 

exhibited significantly greater improvements than those receiving foam rolling 

in both ROM and performance outcomes. 

Conclusion: Both PNF stretching and foam rolling effectively improved shoulder 

ROM and swimming performance in competitive swimmers. Nevertheless, PNF 

stretching produced superior improvements and may be considered a more 

effective intervention for enhancing shoulder mobility and performance in 

competitive swimmers. 

Keywords: Competitive swimmers; Foam rolling; PNF stretching; Range of 

motion; Shoulder mobility; Swimming performance. 

Introduction 

The shoulder complex possesses the greatest Range of Motion (ROM) of any joint in the human body, 

enabling efficient upper-limb function while maintaining a delicate balance between mobility and stability 

(1–3). In competitive swimming, repetitive overhead movements subject the shoulder to substantial 
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mechanical stress, making adequate ROM essential for efficient stroke mechanics, propulsion, and overall 

performance (4,5). 

Competitive swimmers perform thousands of shoulder revolutions each week, predisposing them 

to muscular imbalance, soft-tissue tightness, and overuse injuries. These adaptations may reduce shoulder 

mobility, alter biomechanics, and increase the risk of shoulder pain and dysfunction, ultimately impairing 

athletic performance (6–13). 

Proprioceptive Neuromuscular Facilitation (PNF) stretching is a widely used flexibility technique 

that combines passive stretching with voluntary muscle contraction to improve ROM through 

neuromuscular mechanisms. It has been shown to enhance muscle extensibility, increase stretch tolerance, 

and improve functional movement in athletic populations (14–21). 

Foam rolling, a form of Self-Myofascial Release (SMR), is commonly incorporated into warm-up 

and recovery programmes. By applying sustained pressure to muscles and fascia, foam rolling improves 

tissue mobility, increases flexibility, enhances circulation, and promotes recovery without adversely 

affecting muscle performance (22–28). 

Shoulder ROM is commonly assessed using a universal goniometer because of its validity and 

reliability, while swimming performance tests provide objective measures of functional improvement in 

competitive swimmers (29,30). Although both PNF stretching and foam rolling have demonstrated 

beneficial effects on flexibility and performance, evidence directly comparing these interventions in 

competitive swimmers remains limited. Therefore, the present study aimed to compare the effectiveness of 

PNF stretching and foam rolling on shoulder ROM and performance outcomes in competitive swimmers. 

Methods 

Study Design and Participants 

The study was approved by the institute ethics committee, IEC- RIPT/DT/21/4537. A comparative pre-test 

and post-test experimental study was conducted among 40 competitive swimmers aged 15–25 years. 

Participants were recruited using a purposive sampling technique from TRIC Swimming Academy, 

Velampalayam. Ethical approval was obtained from the Institutional Ethics Committee before 

commencement of the study. Written informed consent was obtained from all participants prior to 

enrolment. Participants were equally allocated into two groups (n = 20 each). 

Inclusion and Exclusion Criteria 

Swimmers aged 15–25 years with a minimum of three years of training experience, training at least 6 hours 

per week, specializing in the 50-m freestyle event, and willing to participate for six weeks were included. 

Participants with recent shoulder surgery, acute shoulder or cervical injuries, adhesive capsulitis, 

neurological disorders, recent corticosteroid injections, systemic inflammatory diseases, or those 

participating in other shoulder rehabilitation programmes were excluded. 

Intervention 

Group A received Proprioceptive Neuromuscular Facilitation (PNF) stretching, while Group B received 

foam rolling. Both groups underwent supervised treatment for 20 minutes per session, three sessions per 

week, for six weeks (18 sessions). PNF stretching targeted the shoulder internal and external rotators, 

whereas foam rolling was applied to the subscapularis, pectoralis major, infraspinatus, latissimus dorsi, and 

upper trapezius muscles using a 12-cm foam ball roller. 

Shoulder Range of Motion (ROM) was assessed using a universal goniometer by measuring 

internal and external rotation. Swimming performance was evaluated using the 25-m swimming test. 

Outcome measures were recorded before and after completion of the six-week intervention. 

Outcome measures 

Shoulder Range of Motion (ROM) was assessed using a universal goniometer by measuring internal and 

external rotation. Swimming performance was evaluated using the 25-m swimming test. Outcome 

measures were recorded before and after completion of the six-week intervention. 

Statistical analysis 

Data were analysed using the Statistical Package for the Social Sciences (SPSS) version 24. The Shapiro–

Wilk test was used to determine data normality. Paired t-tests were performed for within-group 
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comparisons, and independent t-tests were used for between-group comparisons. Statistical significance 

was set at p ≤ 0.05 with a 95% confidence interval. 

 

Demographic Variables 

A total of 40 competitive swimmers participated in the study and were equally allocated into Group A (PNF 

stretching, n = 20) and Group B (foam rolling, n = 20). The baseline demographic characteristics, 

including age, sex, height, weight, body mass index (BMI), swimming experience, and dominant upper 

limb, are presented in Table 1. There were no statistically significant differences between the groups for 

any demographic variable (p > 0.05), indicating baseline comparability. 

Table 1: Descriptive analysis of demographic characteristics of group A and group B 

Variables Group A (Mean ± SD) Group B (Mean ± SD) 

Age(years) 69.80 ± 4.10 69.80 ± 4.10 

Gender(Male/Female) 9/11 9/11 

Height(cm) 159.60 ± 7.20 159.60 ± 7.20 

Weight (kg) 61.40 ± 8.30 61.40 ± 8.30 

BMI(kg/m²) 24.10 ± 2.80 24.10 ± 2.80 

Results 

A total of 40 competitive swimmers completed the study and were equally allocated into Group A (PNF 

Stretching) and Group B (Foam Rolling), with 20 participants in each group. Baseline analysis revealed no 

statistically significant differences between the groups for shoulder internal rotation (IR), shoulder external 

rotation (ER), and 25-m swimming performance (p > 0.05). Within-group analysis demonstrated significant 

improvements in all outcome measures following the intervention. 

Table 1. Comparison of post-test shoulder internal rotation, shoulder external rotation, and 25-m 

swimming performance between Group A (PNF Stretching) and Group B (Foam Rolling). This table 

demonstrates significantly greater improvements in shoulder range of motion and 25-m swimming 

performance in Group A compared with Group B. 

Variables 
Group A (PNF 

Stretching) Mean± SD 

Group B (Foam 

Rolling Mean±SD) 
p-value 

Dominant Shoulder 

Internal rotation (°) 
64.15±2.68 62.45±2.11 0.001* 

Non-Dominant Shoulder 

Internal rotation (°) 
69.10±2.84 67.00±2.00 0.001* 

Dominant Shoulder 

External rotation (°) 
97.35±3.03 95.60±1.75 0.001* 

Non-Dominant Shoulder 

External rotation (°) 
100.05±2.94 96.80±1.96 0.001* 

25-m Swimming 

Performance (s) 
16.60±2.06 17.61±0.33 0.001* 

*p ≤ 0.05 = Statistically Significant 

Within-group comparison 

In Group A (PNF Stretching), the dominant shoulder internal rotation increased from 57.75 ± 2.24° to 

64.15 ± 2.68°, with a mean difference of 6.40° (95% CI: 6.08 to 6.72; p < 0.001; Cohen's d = 9.40). 

Similarly, the non-dominant shoulder internal rotation increased from 62.15 ± 2.10° to 69.10 ± 2.84°, with 

a mean difference of 6.95° (95% CI: 6.46 to 7.44; p < 0.001; Cohen's d = 2.79). 
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Dominant shoulder external rotation improved from 90.45 ± 2.62° to 97.35 ± 3.03°, while non-

dominant shoulder external rotation increased from 93.60 ± 2.11° to 100.05 ± 2.94°. The 25-m swimming 

performance improved significantly, with the mean time decreasing from 17.60 ± 2.15 s to 16.60 ± 2.06 s (p 

< 0.001). 

 

In Group B (Foam Rolling), significant improvements were also observed in dominant and non-dominant 

shoulder internal rotation, external rotation, and 25-m swimming performance following the intervention (p 

< 0.001). 

Graph 1: Comparison of post-test mean shoulder range of motion (dominant and non-dominant 

internal rotation and external rotation) between Group A (PNF Stretching) and Group B (Foam Rolling). 

Between-Group Comparison: 

Between-group analysis showed no statistically significant differences in pre-test values for shoulder 

internal rotation, shoulder external rotation, and 25-m swimming performance (p > 0.05). However, post-

test analysis demonstrated significantly greater improvements in Group A than Group B. 

The post-test mean values for dominant shoulder internal rotation were 64.15 ± 2.68° in Group A 

and 62.45 ± 2.11° in Group B. Similarly, non-dominant shoulder internal rotation was 69.10 ± 2.84° in 

Group A compared with 67.00 ± 2.00° in Group B. Dominant shoulder external rotation was 97.35 ± 3.03° 

in Group A and 95.60 ± 1.75° in Group B, while non-dominant shoulder external rotation was 100.05 ± 

2.94° and 96.80 ± 1.96°, respectively. 

The mean 25-m swimming time after the intervention was 16.60 ± 2.06 s in Group A and 17.61 ± 

0.33 s in Group B, indicating superior swimming performance following PNF stretching. 

 

Graph 2: Comparison of post-test mean 25-m swimming time (seconds) between Group A (PNF 

Stretching) and Group B (Foam Rolling). 

Overall, the findings suggest that both PNF stretching and foam rolling were effective in 

improving shoulder range of motion and swimming performance. However, PNF stretching produced 

significantly greater improvements than foam rolling in shoulder internal rotation, shoulder external 

rotation, and 25-m swimming performance. 

Discussion 

The present study compared the effects of Proprioceptive Neuromuscular Facilitation (PNF) stretching and 

foam rolling on shoulder range of motion (ROM) and 25-m swimming performance in competitive 

swimmers. Both interventions significantly improved shoulder internal rotation, external rotation, and 

swimming performance after six weeks. However, participants who received PNF stretching demonstrated 

significantly greater improvements than those who underwent foam rolling, indicating that PNF is a more 

effective intervention for enhancing shoulder mobility and sprint swimming performance. 
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The superior effectiveness of PNF stretching may be explained by its neurophysiological 

mechanisms, including autogenic and reciprocal inhibition, which increase muscle extensibility and 

improve neuromuscular control. These adaptations allow greater improvements in shoulder ROM, thereby 

enhancing stroke mechanics and reducing movement restrictions during swimming. Similar findings have 

been reported by Hindle et al. and Sharman et al., who concluded that PNF stretching produces greater 

improvements in flexibility and functional performance than conventional stretching techniques. 

Foam rolling also produced significant improvements in shoulder ROM and swimming 

performance. The beneficial effects are likely due to self-myofascial release, which reduces muscle 

stiffness, increases local blood flow, and improves tissue extensibility without negatively affecting muscle 

performance. Although effective, the magnitude of improvement was lower than that observed with PNF 

stretching, suggesting that foam rolling primarily influences myofascial tissues rather than neuromuscular 

mechanisms. These findings are consistent with previous studies by Cheatham et al. and Aslan and 

Kahraman, who demonstrated that foam rolling effectively improves flexibility and athletic performance. 

Improved shoulder ROM was associated with better 25-m swimming performance in both groups. 

Increased mobility of the shoulder complex facilitates efficient stroke mechanics, greater stroke length, and 

reduced resistance during arm recovery, contributing to faster swimming times. 

The greater reduction in swimming time observed in the PNF group indicates that improvements 

in flexibility achieved through neuromuscular facilitation are more effectively translated into functional 

sports performance. 

Overall, the findings of this study suggest that both PNF stretching and foam rolling are effective 

interventions for improving shoulder ROM and swimming performance in competitive swimmers. 

However, PNF stretching demonstrated superior clinical and functional benefits and may therefore be 

recommended as the preferred intervention for enhancing shoulder mobility and sprint performance in this 

population. 

Conclusion 

Both Proprioceptive Neuromuscular Facilitation (PNF) stretching and foam rolling were effective in 

improving shoulder Range of Motion (ROM) and swimming performance in competitive swimmers 

following a six-week intervention. However, PNF stretching demonstrated significantly greater 

improvements in shoulder ROM and 25-m swimming performance compared with foam rolling. Therefore, 

PNF stretching may be considered a more effective intervention for enhancing shoulder mobility and 

performance in competitive swimmers and can be incorporated into regular training and rehabilitation 

programmes. 

Limitations 

The study included a relatively small sample size, which may limit the generalizability of the findings. 

The intervention duration was limited to six weeks; long-term effects were not evaluated. 

Participants were recruited from a single swimming academy, limiting external validity. 

Only competitive swimmers aged 15–25 years were included; therefore, the findings may not be 

applicable to other age groups or recreational swimmers. 

Only shoulder ROM and 25-m swimming performance were assessed; other performance and 

biomechanical variables were not evaluated. 

Recommendations 

 Future studies should include a larger sample size from multiple swimming centres. 

 Long-term follow-up is recommended to determine the sustained effects of PNF stretching and foam 

rolling. 

 Future research should evaluate these interventions in different age groups, swimming strokes, and 

competitive levels. 

 Additional outcome measures, such as muscle strength, electromyographic activity, shoulder function, 

pain, and biomechanical analysis, should be included. 

 Future studies may investigate the combined effects of PNF stretching and foam rolling to determine 

whether a combined intervention provides greater improvements in shoulder ROM and swimming 

performance. 

Informed consent 
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Written informed consent was obtained from all participants before enrollment in the study. Participants 

were informed about the study objectives, procedures, potential benefits, and their right to withdraw from 

the study at any time without any consequences. 
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