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Abstract. A relationship between shoulder strength and soreness in swimmers may indicate need for strengthening. 

Study objectives included determining if strength can be improved with exercises, and if improving strength decreases 

soreness in swimmers. Dominant arm strength of both groups was measured for five shoulder motions using hand-held 

dynamometry.  The experimental group performed shoulder exercises to strengthen these motions. All participants were 

re-tested at six and twelve weeks. The changes in strength for each motion and pain was compared between groups using 

a mixed design two-way ANOVA to determine if a difference existed in strength or soreness between groups. The 

experimental group significantly increased external rotation strength.  Adolescents who performed exercises increased 

external rotation strength compared to adolescents who only swam. 

 

1. Introduction 
 

Shoulder soreness is among the most frequent complaints of competitive swimmers. The rotator cuff is often 

considered the culprit of this soreness, with the theory that the soreness is caused by rotator cuff tendonitis [1]. 

However, weakness or muscular imbalance of the rotator cuff may be possible reasons for the shoulder soreness that 

competitive swimmers encounter. The purpose of this study was to determine: 1) If strengthening in adolescent 

competitive swimmers enhances selected shoulder muscle performance, and 2) if strengthening of selected shoulder 

muscles results in decreased shoulder discomfort or soreness. It was hypothesized that 1) there would be no 

interaction between rotator cuff strengthening exercises and strength of the rotator cuff and 2) there would be no 

interaction between rotator cuff strengthening exercises and level of shoulder soreness in competitive adolescent 

swimmers. 

 

2. Experiment, Results, Discussion, and Significance 

 

This study consisted of adolescent male and female competitive swimmers devoid of any injury or surgery within 

the six months previous to beginning the study. Most of the swimmers in this study were under the age of 18 and 

required permission from a parent before any participation could occur, thus a consent form was distributed, read, 

and signed by each minor and parent prior to data collection. Participants were a sample of convenience, consisting 

of Aqua Shocks swim team members who practiced at the Heskett Center. 20 participants completed the study 

(TABLE 1).  
 

Table: 1 
Characteristics of Participants 

 Experiment Control 

Age (y) 10.9 ± 3.1 11 ± 2.6 

Height (cm) 143.5 ± 21.0 133.9 ± 47.7 

Mass (kg) 46.8 ± 19.9 43.5 ± 8.4 

Data presented as mean ± SD. 

 

This study tested the strength of each participant with a hand-held dynamometer (HHD). Following signing 

informed consent approved by Wichita State University Institutional Review Board, each participant filled out a 

questionnaire rating current shoulder soreness on a visual/verbal analog scale (0-10) and listing any injuries that the 

swimmer had incurred. The swimmers were then randomly assigned to the experiment or control group by roll of a 

dice. Next, manual testing was performed by measuring isometric force production of the dominant arm. The 

primary muscles tested consisted of the shoulder and the rotator cuff. The muscles were positioned into flexion, 

abduction, external rotation, internal rotation, and extension. Each participant was tested initially, at six weeks, and 

at 12 weeks. After initial testing, the control group was released back to regular swim practice and instructed to 

continue their normal swimming regimen. The exercises group was instructed on five different exercises for 
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strengthening the shoulder and rotator cuff muscles. The data in this study was analyzed using a mixed-design two-

way ANOVA. The dependent variables were shoulder and rotator cuff strength. The independent variable was level 

of soreness in competitive swimmers. All participants were tested, but only the experimental group conducted the 

exercise regimen. At the end of the 12 weeks the experimental group was compared with the control group at each 

interval: pretest, six week test, and posttest. There were no significant differences found between groups in pain 

ratings over the course of the study. For the motions of flexion, abduction, internal rotation, and extension both 

groups gained strength with no significant difference found between groups. External rotation showed a significant 

increase in strength in the experimental group as compared to the control group with a mean increase of 1.14 kg in 

the experimental group and a mean increase of 0.51 kg  in the control group (Table 2).  

 
Table: 2  

Change in Strength 

Motion Experiment Control P-value 

Flexion 0.38 kg 0.12 kg 0.628 

Abduction 0.21 kg 0.33 kg 0.869 

Internal Rotation 1.35 kg 1.01 kg 0.581 

External Rotation 1.14 kg 0.51 kg 0.014 
Extension 2.58 kg 2.06 kg 0.997 

 

This study found that all participants gained external rotation strength, however, the experimental group gained 

significantly more strength than the control group. soreness was also found to decrease to a greater degree in the 

experimental group, however it was not a significant difference. Post analysis, this difference in external rotation 

strength gains may be attributed to the fact that external rotation is the least used motion in swimming strokes, 

therefore, the control group was not performing any exercises to increase the strength of this motion. 

 

3. Conclusions 

 

Adolescents who perform external rotation strengthening significantly increase their strength compared to 

adolescents who only participate in a regular swimming regimen. Adolescents who participate in a shoulder 

strengthening regimen do not have any significant difference in levels of soreness when compared to adolescents 

who only participate in a regular swimming regimen. 
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