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ABSTRACT 

Swimming is a recreational and competitive sport that can be identified by its 

repetitive and coordinated movements between various parts of the body. Unlike other 

sports where the lower body initiates and contributes to the propulsive forces, this is the 

primary role of the upper body. Although the cause of shoulder pain in swimmers is believed 

to be multifactorial, some modifiable factors such as muscle strength imbalance, altered 

muscle endurance and coordination, and deficits in the shoulder joint mobility, can 

predispose swimmers to shoulder pain or injury. Chapter 2 of this thesis includes a literature 

review on shoulder strength and range of motion in swimmers with and without pain. The 

literature review highlighted the limited research using isokinetic dynamometry to assess 

shoulder concentric and eccentric strength in swimmers who experience pain. Also, most of 

the studies analyzed these strength measures using absolute strength values and the 

conventional concentric and eccentric (ER:IR) ratios. Literature examining shoulder strength 

in other overhead sports has found that using a functional ratio of eccentric versus 

concentric (eccER:conIR) to be more appropriate. This literature review also showed that 

shoulder ROM of swimmers has primarily been assessed in supine or standing. On the basis 

of the findings of this literature review, this thesis sought to examine the differences in 

shoulder rotational strength in swimmers who have pain or not using the Humac Norm 

isokinetic dynamometer. For additional analysis on the differences between the painful and 

non-painful side, the researcher aimed to use the functional ratio (eccER:conIR) which has 

previously been studied twice in this population. Additionally, this thesis intended to measure 

the shoulder internal and external rotation ROM of swimmers using an inclinometer in prone. 

This position was selected as it is specific to swimming. Three out of the four strokes are 

performed in prone. Since the cross-sectional study included in this thesis is the first to use 

the Humac Norm isokinetic dynamometer and the inclinometer in prone to assess the 

shoulder of swimmers, in particularly those with shoulder pain, this thesis also aimed to 

determine the inter- and intra-session reliability of these objective measures. The reliability 

study (chapter 3) found moderate to excellent inter-session reliability (ICC: 0.68-0.98; CV: 

4.80-19.70; SEM: 1.71-5.36) and excellent intra-session reliability (ICC: 0.98-1.00; CV: 1.50-

19.80; SEM: 0.00-1.84) for the use of an inclinometer in prone for swimmers with and 

without shoulder pain. Moderate to excellent inter-session reliability was found for the use of 

the Humac Norm isokinetic dynamometer to assess a swimmer’s shoulder strength (ICC: 

0.60-1.00; CV: 6.80-60.50; SEM: 0.00-7.20). The Humac Norm isokinetic dynamometer 

showed excellent intra-session reliability (ICC: 0.99-1.00; CV: 2.20-8.20; SEM: 0.00-1.31). 

Although the Humac Norm isokinetic dynamometer showed moderate to excellent inter-

session relative reliability, the high CV and SEM values indicated less adequate absolute 

reliability. Whereas the intra-session absolute reliability, during the second session, was 
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more adequate. This shows the importance of having at least one familiarization session, 

particularly for the eccentric testing protocol. Eccentric movement is unique and not 

performed on a daily basis hence the importance for participants to practice this movement 

to ensure testing proficiency. Future research using the Humac Norm isokinetic 

dynamometer to assess swimmers’ shoulders should include at least one familiarization 

session. Chapter 4 included a cross-sectional study design to investigate strength hand 

ROM in swimmers with and without pain. The strength data indicated no significant side to 

side difference in shoulder external or internal rotation strength in asymptomatic swimmers; 

however, the external rotators were significantly stronger when working eccentrically than 

concentrically (R: p= 0.01, ES= -1.76; L: p=0.01, ES= -2.17). There was also no significant 

difference in functional eccER:conIR ratio between the left and right side (p=0.66). On the 

contrary, swimmers with shoulder pain were significantly weaker on their symptomatic side 

during concentric internal rotation (p=0.05, ES=-0.96). Additionally, swimmers who have 

painful shoulders had a significantly greater functional ratio on the symptomatic side 

(p=0.04). Lastly, there was no significant difference in internal and external rotation ROM 

regardless of pain being present or not. Further research is required to validate the findings 

of our study as it is the second study to use the functional ratio to evaluate the differences in 

shoulder strength in swimmers with shoulder pain. Also, it is the first study to assess 

shoulder ROM using an inclinometer in prone. On the basis of the findings in this thesis, 

practical implications include that health professionals or strength coaches working with 

swimmers should measure shoulder ROM in prone as they may get a more practical and 

reliable assessment of the shoulder’s mobility. Lasty, health professionals involved in the 

management of shoulder injuries in swimmers should consider using the functional ratio 

(eccER:conIR) to evaluate the muscle balance around the shoulder joint as it is more 

appropriate and sport-specific, especially considering how the internal and external rotators 

interact during the propulsive phase in swimming.  
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CHAPTER 1: INTRODUCTION AND RATIONAL 

Background  

Swimming is a recreational and competitive sport that is characterized by its 

repetitive and coordinated movements between the different parts of the body, in particular 

the upper and lower limbs. Closed and continuous motor skills are necessary for strength, 

speed, and endurance during swimming (Lucas et al., 2021; Wiazewicz & Eider, 2020) and 

as a result an athlete’s performance can be influenced by various factors such as 

physiological, biomechanical, and anthropometric (Lucas et al., 2021). Therefore, screening 

swimmers is essential since early detection of risk factors enables timely intervention and 

management. This helps to reduce future injuries or progression of injuries, missed training 

practices, and loss of competition time (Schlueter et al., 2021). These risk factors are both 

modifiable and non-modifiable and interact in a dynamic way which makes it challenging for 

a single clinical assessment tool to identify athletes’ risk of injury (Schlueter et al., 2021).  

The shoulder joint of a swimmer is the most common body part affected by injuries, 

accounting for 16 to 76 percent of injuries (Trinidad et al., 2021). Further statistics show that 

shoulder pain is responsible for 20 to 35 percent of swimmers’ experiencing time-loss to 

injury each year (Gaunt & Maffulli, 2012).  

Unlike other sports, where the legs initiate and contribute to propulsive forces, 

swimmers primarily use their upper extremities (Batalha et al., 2020). The majority of the 

swimming strokes have a high demand for shoulder adduction and internal rotation (IR) 

resulting in these muscles becoming stronger than their antagonists, which can potentially 

cause muscle imbalances (Batalha et al., 2013; Weldon & Richardson, 2001; West, Sole & 

Sullivan, 2005). Muscle strength imbalances are one of the many proposed risk factors that 

can contribute to shoulder pain amongst swimmers (Feijen et al., 2021; Schlueter et al., 

2021). To further support this statement, a review of the literature by Schlueter and 

colleagues (2021) found moderate quality evidence supporting the relationship between the 

shoulder’s rotator strength and endurance ratios and the presence of shoulder pain or injury. 

They also reported that current research supports the relationship between shoulder internal 

and external rotation range of motion (ROM) and the risk of shoulder injury or development 

of injury amongst swimmers (Schlueter et al., 2021). On the contrary, a systematic review by 

McKenzie and colleagues (2023) found no association between shoulder ROM, pain, and 

injuries. Similarly, a meta-analysis by Bradley and colleagues (2016) reported that although 

swimmers may have increased ER and reduced IR ROM, there is no clear evidence that 

these changes are a predictor for shoulder injuries in swimmers. While several studies 

support the association of ROM and shoulder pain, the current research is conflicting and 

limited by sample size and study design. This highlights the importance of standardization of 

protocols and in particular sport-specific considerations such as testing position.   



2 

The assessment of rotator cuff muscle imbalances, specifically with the use of 

isokinetic testing, can be an objective, useful, and reliable way to quantify muscular strength 

and imbalances (Drigny et al., 2020). Previously, muscle strength imbalances were 

determined using a conventional ratio between the peak torque of external rotation (ER) and 

internal rotation (IR) during either a concentric or an eccentric contraction (Bak, 2010; 

Batalha et al., 2013; Bradley et al., 2016). However, more recent studies found that 

evaluating the agonist muscle during a concentric contraction whilst the antagonist muscle 

acts eccentrically to be more appropriate. This is because the antagonist contributes to the 

dynamic stability of the glenohumeral joint (Andrade et al., 2013; Guney et al., 2016). To 

date, literature regarding rotator muscle imbalances and its association with shoulder pain or 

injuries has predominantly stemmed from conventional ratios (Drigny et al., 2020). In spite of 

this, ER muscles are less likely to engage concentrically during the swimming motion as it is 

mainly involved in the non-propulsive phase. During the propulsion phase, the pectoralis 

major initiates the powerful adduction and extension of the humerus and contributes to the 

internal rotation of the shoulder (Pink et al., 1991). Simultaneously, the teres minor works 

synergistically to extend the arm (Pink et al., 1991). Subsequent to the activity from the 

pectoralis major and teres minor, the humerus crosses the point where it is perpendicular to 

the body, and latissimus dorsi has the mechanical advantage (Pink et al., 1991). The 

activation of the latissimus dorsi causes the subscapularis muscle, which is a shoulder 

internal rotator, to contract and counteract the posterior translation of the humeral head 

(Wattanaprakornkul, Cathers, Halaki, & Ginn, 2011). The combination of full elevation with 

internal rotation and adduction is the typical position for shoulder impingement (Tovin, 2006). 

Consequently, the external rotator’s main role during propulsion is to reduce the anterior 

translation of the humeral head by contracting eccentrically to counteract the propulsive 

force of the internal rotators (Drigny et al., 2020) limiting anterior shoulder impingement. 

Despite the amount of literature commenting on concentric and eccentric muscle 

strength of the shoulder internal and external rotators amongst other sports populations and 

even non-athletic people, there is extremely limited research conducted in the swimming 

environment. The understanding of both concentric and eccentric muscle strength amongst 

swimmers may add value to prescribing adequate and effective prevention and management 

protocols for swimmers whether they have a symptomatic shoulder or not.  

As previously mentioned, there are several factors that may contribute to shoulder 

pain amongst swimmers. One modifiable factor, along with muscle imbalance, which could 

potentially influence a swimmer’s shoulder pain is poor biomechanics or technique (Feijen et 

al., 2021; Kubova et al., 2020; Schlueter et al., 2021). Walker and colleagues (2012) 

conducted a 12-month prospective cohort study investigating the incidence and risk factors 

of shoulder pain in swimmers and found that adequate rotational shoulder ROM is needed 
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for correct technique whilst swimming and consequently to avoid shoulder impingement. 

This study showed the significant association between ER ROM and shoulder pain (Walker 

et al., 2012). Swimmers whose shoulder ER ROM measured high (≥100°) or low (≤93°) were 

at an increased risk of shoulder injuries compared to those in the mid-range, regardless of 

whether swim training exposure was adjusted for (Walker et al., 2012).  

Although there is literature investigating shoulder ROM in swimmers, all the available 

studies assess ROM in the supine position. It has been suggested that clinicians may 

choose to use the prone position to assess or screen functional stability and structural 

restraints around the shoulder; especially since ER is assisted by gravity in supine (Furness 

et al., 2015). To date, there are no studies measuring shoulder ROM in prone amongst 

swimmers. It is thought that swimmers spend majority of their training time in a prone 

position hence assessing the shoulder in a similar way would provide more accurate and 

specific outcomes.  

Purpose Statement 

This thesis intends to contribute to the knowledge regarding shoulder strength and 

range of motion amongst swimmers and to examine its relationship with shoulder pain. 

Firstly, the literature investigating shoulder strength and range of motion amongst swimmers 

who experience shoulder pain will be reviewed. Furthermore, literature pertaining to the 

reliability of the diagnostic tools assessing these objectives will also be reviewed. Next, a 

comparison of maximal shoulder peak torque and active range of motion in swimmers who 

are symptomatic and asymptomatic will be explored. Finally, the reliability of the isokinetic 

dynamometer to assess peak torque and the inclinometer to measure range of motion in 

prone will be investigated. Practical recommendations for managing shoulder pain amongst 

swimmers will be suggested based on the research findings of this thesis.  

Study Aims  

The aims of this research were as follows: 

1) To critically analysis the published literature on maximal shoulder strength and range

of motion amongst swimmers with and without shoulder pain and the reliability of the

diagnostic tools to assess these objectives.

2) To examine the reliability of diagnostic tools to assess the shoulder’s peak torque

and active range of motion in prone.

3) To determine whether there is a difference in maximal peak torque and range of

motion of the shoulder amongst symptomatic and asymptomatic swimmers.

Structure of the Thesis 

This thesis is composed of 5 chapters which encompasses both original research 

and reviews with the intention of future publication. Therefore, each chapter is presented and 
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worded in the journal format. References are presented as an overall reference list of the 

entire thesis at the end. The structure of the thesis is shown as a schematic in Figure 1.  

The second chapter reviews literature that is investigating shoulder strength and 

range of motion amongst swimmers and its effects on shoulder pain. Furthermore, literature 

examining the reliability of diagnostic tools to assess these effects is also analysed. 

The third chapter examines the reliability of the isokinetic dynamometer and the 

inclinometer to measure maximal shoulder peak torque and range of motion respectively.  

The fourth chapter investigates maximal shoulder strength and range of motion in 

swimmers with and without shoulder pain.  

The fifth and final chapter presents an overall discussion of the findings of the 

included research and provides some practical recommendations on how to manage 

shoulder pain amongst swimmers. Future considerations are also included in this chapter.  
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CHAPTER 2: Shoulder Strength and Range of Motion amongst Swimmers and its 

Effects on Shoulder Pain: A Review of the Literature 

Abstract 

This review examines the literature on maximal shoulder strength and range of 

motion (ROM) amongst swimmers with symptomatic and asymptomatic shoulders. During 

swimming, the majority of propulsive forces are generated by the upper body placing a 

significant amount of stress on the shoulders. Literature has indicated a high prevalence of 

shoulder injuries or pain amongst swimmers and that a ratio between the agonist and 

antagonist muscles of the shoulder joint is more important than their absolute strength.  

Although this review did identify some differences in strength and ROM amongst 

swimmers who either experience shoulder pain or not, there are limitations to the literature 

that may potentially cause a risk of bias influencing the conclusions that were drawn. A 

limitation that was most frequently identified was the lack of testing randomisation and 

blinding of the researchers. Understandably with the cross-sectional and cohort type studies 

this can be challenging; however, blinding the researcher completing the statistical analysis 

from the testing order could be a way to reduce this risk of potential bias. Additionally, some 

studies did not acknowledge other factors that could influence findings such as previous 

shoulder surgeries or injuries unrelated to swimming, other medical conditions, and spinal 

conditions that refer pain into the shoulder. Not recognizing these factors could possibly put 

doubt on whether a swimmer’s shoulder pain is influenced by strength, ROM, or other 

modifiable factors or are there alternative explanations for shoulder pain amongst swimmers. 

This review provides some recommendations on how future research could address these 

factors to limit the risk of bias and to add value to the literature.   

Introduction 

Swimming is a recreational and competitive sport that is characterised by its 

repetitive and coordinated movement between the different parts of the body, in particular 

the upper and lower limbs. The ability to swim fast is a complex skill that requires physical 

characteristics to maximise propulsive force whilst limiting the drag forces (Blanch, 2004).  

Unlike other sports, where the legs initiate and contribute to propulsive forces, swimmers 

primarily use their upper extremities (Batalha et al., 2020).  Up to 90 percent of the total 

propulsive force is created by the upper body placing high loads through the shoulder joints 

(Batalha et al., 2020; De Martino & Rodeo, 2018). Both the internal and external rotators of 

the shoulder contribute significantly to the propulsive cyclical movements (Wiazewicz & 

Eider, 2021) as they work simultaneously to provide stability and mobility to the 

glenohumeral joint (Batalha et al., 2013; Codine et al., 1997; Wilk & Arrigo, 1993). Although, 

the propulsion predominantly relies on repetitive shoulder internal rotation (IR) and adduction 
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resulting in stronger internal rotators and relatively weaker external rotators (Batalha et al., 

2013; Weldon & Richardson, 2001; West, Sole & Sullivan, 2005).  

There are four different types of strokes in swimming: freestyle, backstroke, 

breaststroke, and butterfly. Regardless of each swimmers’ stroke specialty, the training is 

primarily freestyle resulting in excessive amounts of shoulder circumduction each day 

(Beach, Whitney & Dickoff-Hoffman, 1992; Virag et al., 2014; Weldon & Richardson, 2001; 

Wanivenhaus et al., 2012). Competitive swimmers can swim up to 18 000m each day, and 

they are frequently training 5-7 days a week and occasionally twice a day (Allegrucci, 

Whitney & Irrgang, 1994; Kluemper, Uhl & Hazelrigg, 2006; Lynch et al., 2010; McLaine et 

al., 2019; Seine et al., 2010), which equates to approximately 16 000-25 000 shoulder 

revolutions during a standard training week (Scovazzo et al., 1991). Therefore, the high 

prevalence of 40-91 percent (Bak, 2010; Matzkin et al., 2016; Seine et al., 2010) of shoulder 

pain amongst swimmers is no surprise. 

Studies have analysed muscle strength during certain periods of the swimming 

calendar, such as competition and pre or post season (Bak & Fauno, 1997; Batalha et al., 

2013; Ramsi et al., 2004; Batalha et al., 2020). The study by Batalha and colleagues (2013) 

included an in-season timepoint, as did Batalha and colleagues (2020); however, their study 

was not observational. Literature states that the balanced strength ratio between IR and ER 

is more important than their absolute strength (Ramsi et al., 2004). Drigny and colleagues 

(2020) supports this statement as they found a functional ratio between the peak torque of 

ER during an eccentric contraction and peak torque of IR during a concentric contraction to 

be more appropriate to evaluate injury risk as it assesses the eccentric contraction of the 

antagonist muscles which contribute to the dynamic GHJ stability (Drigny et al., 2020). 

Although it remains unclear whether muscle imbalance contributes to shoulder injuries in 

swimmers (Bradley et al., 2016), there is some evidence that strengthening the external 

rotators has a positive effect on decreasing shoulder pain in swimmers (Lynch et al., 2010).  

With this in mind, the purpose of this review is to critically evaluate i) the reliability of 

using an isokinetic dynamometer and an inclinometer to measure maximal peak torque and 

range of motion of the shoulder and ii) the comparative studies examining shoulder strength, 

range of motion, and pain amongst swimmers. Additionally, practical recommendations that 

could contribute to our understanding of shoulder strength and ROM and its influence on a 

swimmer’s shoulder pain will be provided.  

1. Search Strategy  

The author searched the electronic databases of MEDLINE, EBSCO, Science Direct, 

Taylor and Francis, PubMed, Google Scholar, Ovid, Scopus, CINAHL, and SPORTDiscus 

without any timeframe. The keywords used in various combinations when searching the 
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databases included: ‘shoulder pain’, ‘swimmers’, ‘range of motion’, ‘ROM’, ‘range of 

movement’, ‘flexibility’, and ‘strength’. 

1.1. Selection Method of Comparative and Reliability Studies 

The reviewer used a two-step screening method when selecting the comparative 

studies (Figure 2). Firstly, the titles and abstracts of the articles were reviewed. The second 

step applied the selection criteria to the articles. Studies were selected if they met the 

following selection criteria: (i) if the study investigated swimmers from any competitive level; 

ii) with shoulder pain; iii) specified what assessment tools were used; iv) observational

studies, and (iv) the study must have been written in English language. The inclusion criteria 

for the reliability studies included: i) measuring internal and external rotation ROM, ii) using 

an inclinometer, and iii) the study must be written in English.  

Figure 2. Schematic diagram of literature review process 

1.2. Evaluation of Methodological Quality of the Studies 

Critically appraising the included studies in Figure 1 is necessary to allow for a 

trustworthy review. Various appraisal tools, scales, and checklists have been developed to 

evaluate the methodological quality of observational and reliability studies (see table 1). 

Although the Downs and Black checklist and the NICE guidelines are commonly used to 

evaluate the quality of these studies, more current quality assessment tools have been 

developed.  

73 Articles 

69 Articles 
•4 articles excluded as the full text was not available.

65 Articles 
•4 articles were excluded as they were not peer-reviewed.

41 Articles 
•24 articles were excluded due to duplication.

11 Articles 

•30 excluded after the titles, abstracts, and full texts were
reviewed.
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Establishing the reliability of a physical examination is challenging due to the 

complex testing procedures, the variety of tests, and the lack of procedural standardisation 

(Lucas et al., 2013). With this in mind, the Quality Appraisal for Reliability Studies (QAREL) 

checklist (see appendix 4) was developed by a reference group of individuals, with 

proficiency in diagnostic research and quality appraisal, to evaluate the quality of diagnostic 

reliability studies (Lucas et al., 2010). QAREL is an 11-item checklist consisting of seven 

domains which include the spectrum of the participants, the spectrum of the assessors, 

blinding of assessors, the order of the examinations, the suitability of the timeframes 

between repeated measurements, appropriate test application and interpretation, and 

appropriate statistical analysis (Lucas et al., 2010). Lucas and colleagues (2013) found that 

majority of the items on the checklist to have moderate to good reliability. Each item is 

scored as “yes”, “no”, “unclear” and for some items a scoring of “not applicable” is available. 

The article by Lucas and associates (2010) provides a thorough explanation of how each 

item is assessed which helped guide the reviewer’s scoring (see table 2). An article was 

considered to be of a high quality if it received a “yes” score on at least 50% of the items 

(van Trijffel et al., 2005). 

 

The Joanna Briggs Institute (JBI) critical appraisal tools for cohort and cross-

sectional studies are utilized to assess the methodological quality of the comparative 

Table 1 
Tools to evaluate Methodological Quality of Observational and Reliability Studies  

Study type  Tools used  

Cohort (observational)  CASP checklist  

SIGN critical appraisal checklist  

NIH quality assessment tool 

NOS  

JBI critical appraisal checklist  

Cross-sectional (observational)  NIH quality assessment tool  

JBI critical appraisal checklist  

AXIS appraisal tool  

Reliability  COSMIN checklist  

QAREL  

Note.  AXIS – Appraisal tool for Cross-sectional Studies; CASP – Critical Appraisal Skills 

Programme; COSMIN - COnsensus-based Standards for the selection of health 

Measurement Instruments; JBI – Joanna Briggs Institute; NIH – National Institute of 

Health; NOS – Newcastle-Ottawa Scale; QAREL – Quality Appraisal for Reliability 

Studies; SIGN – Scottish Intercollegiate Guidelines Network 



10 

studies. These checklists are specific to quantitative data and are primarily based on study 

design (Barker et al., 2023). For quantitative research, identifying the risk of bias in the 

publication is fundamental to reduce the possibility for including biased or misleading results 

(Porritt, Gomersall & Lockwood, 2014). JBI and collaborators are responsible for developing 

these appraisal checklists through an extensive peer-review process followed by the 

approval from the JBI Scientific Committee (Moola et al., 2020). The appraisal checklist for 

cross-sectional studies (see appendix 5) consists of eight questions and is scored “yes”, 

“no”, “unclear”, or “not applicable” (see table 2). The reviewer’s manual by Moola and 

colleagues (2020) provided an explanation on how to score each question. The JBI appraisal 

tool for cohort studies (see appendix 6) was also used with a similar scoring system, except 

there are 11 questions. Additionally, the JBI Levels of Evidence (see appendix 7) was used 

to determine the effectiveness of each study. The ranking of evidence of effectiveness is 

commonly associated with the study design and the ability to maximize internal validity 

(Porritt et al., 2014). 

Table 2 
The scoring of the quality appraisal checklists 
Appraisal Checklist Scoring Quality of the Study 

JBI “yes”; “no”; “unclear”; “not 
applicable”  

JBI Levels of Evidence (see 
appendix 7)  

QAREL “yes”; “no”; “unclear”; “not 
applicable” 

QAREL score out of 11  

Note. JBI – Joanna Briggs Institute; QAREL - Quality Appraisal for Reliability Studies 

2. Reliability of the Isokinetic Dynamometer and Inclinometer for Assessing the

Shoulder Joint

Various methods have been utilised to measure maximal peak torque and range of

motion of the shoulder. These measures have evolved over the years by researchers and 

other health professionals. Table 3 shows the various tools that can be used to measure 

shoulder strength and ROM. Like any assessment methodology, it is essential that these 

measurements are valid and reliable to be meaningful and interpretable. The more reliable 

the measurement is, the greater the probability of adequately determining the sensitivity to 

identify small but clinically significant changes (Impellizzeri et al., 2008). Determining the 

validity and reliability of a specific measure is a fundamental part in assessing the quality of 

research (Taherdoost, 2016). In this section, we have included diagnostic studies (see table 

4 and 5) to determine the reliability of isokinetic dynamometry to measure the maximal peak 

torque and an inclinometer to measure maximal range of motion in the shoulder. To establish 

a degree of methodological quality the QAREL checklist was used, and the individual quality 

scores are also documented (see appendix 8). 
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Table 3 
Objective measures that are used in the research field to measure maximal shoulder peak 
torque and range of motion  

Strength Measures Range of Motion Measures 

• Isokinetic dynamometer
• Hand-held dynamometer

• Inclinometer
• Digital levels

• Goniometer

• Ultrasound

• Photography and digital
programmes

2.1. Reliability of an isokinetic dynamometer to assess maximal peak torque 

of the shoulder 

Earlier studies investigating the reliability of an isokinetic dynamometer to assess 

shoulder maximal peak torque have found it to have good to excellent reliability (Mandalidis 

et al., 2001; Plotnikoff & MacIntyre, 2002; van Meeteren, Roebroeck & Stam, 2002 & Dauty 

et al., 2003). Mandalidis and colleagues (2001) tested the IR and ER shoulder strength in 31 

male students and reported ICC scores between 0.76 to 0.93 which is indicative of good 

reliability; however, they found that the IR SEM scores were higher than ER scores. These 

findings were further supported by Plotnikoff and colleagues (2001) who investigated 14 

healthy adults and recorded SEM scores for IR (SEM: 2.44-3.73) was greater than for ER 

(SEM: 1.72-2.55). The ICC scores ranged from 0.87-0.94, similar to those of Mandalidis and 

colleagues (2001).  

More recent studies by Eduardo and colleagues (2013) and Collado-Mateo and 

colleagues (2018) observed higher ICC scores (>0.85 and 0.97 respectively) than the 

previously mentioned studies. Although, there was a difference in SEM percentages 

between these two studies which needs to be considered. Eduardo and colleagues (2013) 

found that the SEM percentage for IR varied between 7.7% and 11 % and ER was 9.8% to 

14.5%; whereas Collado-Mateo and colleagues (2018) reported a SEM percentage for ER 

4.4% and 4.56%-6.79% for IR.  

Most studies were of adequate quality, according to the QAREL checklist; however, 

two studies were of poor quality as there was no blinding of the examiners to the results or 

clinical information of the participants increasing the risk of bias (Eduardo et al., 2013; 

Collado-Mateo et al., 2018). Overall, it is evident that using the isokinetic dynamometer to 

measure the maximal peak torque of shoulder ER is more reliable than IR. Although, the 

high ICC values reported in these studies support the ability for the isokinetic dynamometer 

to measure peak torque accurately and reliably, the higher SEM scores and percentages 
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limits these findings as it indicates less precision in the measurements or scores obtained. 

This makes it challenging to confidently state that the isokinetic dynamometer is a highly 

reliable tool to measure maximal shoulder peak torque.  
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Table 4 
Reliability studies investigating the isokinetic dynamometer to measure maximal peak torque of the shoulder joint 

Study Participants Measures Findings Quality of the 
Study 

ICC SEM QAREL Score 

Mandalidis et al., (2001) 31 male students A Kin Com II 
dynamometer was used 
to assess concentric and 
eccentric movements of 
bilateral shoulder IR and 
ER. The angular velocity 
speeds were set at 60°/s 
and 120°/s. The arm was 
at 45° abduction and 30° 
horizontal adduction. 

The ICC values ranged 
between 0.76-0.93. 
Concentric data for both 
internal and external 
rotation of the shoulder 
were more reliable (ICC 
≥ 0.80) than eccentric 
data (ICC ≥ 0.76). 

The SEM values 
varied between 
3.9Nm to 
12.4Nm. The 
LOA values 
ranged between 
4.0Nm and 
13.3Nm. Both 
SEM and LOA 
showed the 
measurement of 
errors for peak 
torque, eccentric 
contractions, 
and internal 
rotation was 
greater than the 
average peak 
torque, 
concentric 
contractions, 
and external 
rotation. 

5/11 
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Plotnikoff et al., (2002) 14 participants between 
the ages of 27 and 35 
years.  

The Kin Com 
dynamometer was used 
to assess concentric and 
eccentric internal and 
external rotation strength 
of the shoulder. The 
angular velocity of the 
tests was defined as 
30°/s.   

The ICC ranged from 
0.87 to 0.91 for internal 
rotation and 0.89 to 0.94 
for external rotation. 

The SEM values 
varied between 
2.44 and 3.73 for 
the internal 
rotation and 1.72 
to 2.55 for the 
external rotation.  

5/11 

Van Meeteren et al., 
(2002)  

20 healthy men and 
women varying ages 
without pain.  

A Biodex dynamometer 
was used to assess 
abduction/adduction and 
external/internal rotation 
strength. The angular 
velocity of the tests was 
60°/s and respectively 
120°/s and 180°/s. 

The ICC ranged from 
0.69 to 0.92. 

The SEM 
percentage 
ranged from 7% 
to 14%. The 
SEM percentage 
was smaller for 
the men than the 
women. 

5/11 

Dauty et al., (2003) 14 healthy males and 
females aged between 
40 and 55 years.  

A Cybex Norm isokinetic 
dynamometer was used 
to assess concentric and 
eccentric contractions of 
the shoulder internal and 
external rotators at an 
angular velocity of 60°/s 
and 120°/s.  

For the external 
rotators, the peak 
torque ICC values 
varied between 0.91 
and 0.96; the total work 
ranged from 0.91 and 
0.95; and the average 
power varied between 
0.88 and 0.94.  
For the internal rotators, 
the peak torque ICC 
values varied between 
0.93 and 0.98; the total 
work ranged from 0.88 
to 0.96; and the average 
power varied from 0.83 
and 0.97.  

For the external 
rotators, the 
peak torque 
SEM values 
varied from 
3.3Nm to 6.3Nm; 
the total work 
SEM values 
ranged from 
9Nm to 13Nm; 
and the average 
power SEM 
values varied 
between 5.2Nm 
and 13Nm.  
The internal 
rotators, the 
peak torque 

6/11 
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SEM values 
varied from 
4.5Nm to 9.8Nm; 
the total work 
SEM values 
ranged from 
10Nm to 16Nm; 
and the average 
power SEM 
values varied 
from 6.8Nm to 
13Nm.   

Edouard et al., (2013)  46 healthy participants  Concentric and eccentric 
were performed in IR 
and ER using a Biodex 
dynamometer in a 
seated position (45° of 
shoulder abduction in the 
scapular plane). The 
angular velocities of the 
tests were 60°/s and 
120°/s concentrically, 
and 30°/s eccentrically. 

Most of the 
measurements showed 
high relative reliability 
(ICC> 0.90) at any 
speed. ER peak torque 
had moderate reliability 
particularly during the 
eccentric contraction 
(ICC > 0.85). 

The SEM 
percentage 
ranged between 
7.7% to 11.7% 
for the IR peak 
torque and 9.8% 
to 14.5% for the 
ER peak torque. 

4/11 

      

Collado-Mateo et al., 
(2018) 

35 competitive 
swimmers age between 
13 and 19 years.  

A Biodex dynamometer 
was used to assess 
concentric movements 
were performed including 
IR and ER. The angular 
velocity of the test was 
defined at 60°/s.  

For the dominant arm, 
the peak torque (ER: 
ICC= 0.977; IR: ICC= 
0.972) and work (ER: 
ICC= 0.967; IR: ICC= 
0.961) was higher than 
an ICC of 0.95.  
For the non-dominant 
arm, the ICC values 

The SEM in both 
dominant and 
non-dominant 
was lower in the 
ER testing for 
both peak torque 
(D: 4.43%; ND: 
4.49%) and work 
(D: 5.42%; ND: 

3/11 
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was slight less reliable. 
IR peak torque was 0.38 
and ER was 0.972. The 
work ICC for IR was 
0.917 and ER was 
0.966. 

5.39%); whereas 
the IR testing 
was slightly 
higher in peak 
torque (D: 
4.56%; ND: 
6.79%) and work 
(D: 5.55%; ND: 
8.04%).   

Habets et al., (2018) 54 healthy and active 
subjects between the 
ages of 18 and 55 
years.  

A Humac Norm isokinetic 
dynamometer was used 
to assess both 
concentric and eccentric 
strength of the knee 
flexors and extensors 
and shoulder rotators 
were measured using the 
Humac NORM isokinetic 
dynamometer. The 
angular velocity of the 
test was defined at 60°/s 
and 180°/s for the knee 
movements and 60°/s 
and 120°/s for the 
shoulder movements.  

The knee flexors and 
extensors measures 
have showed good to 
excellent reliability, with 
the ICC values ranging 
from 0.74 to 0.89. 
Additionally, the 
shoulder rotators 
measure also showed 
good to excellent 
reliability, with the ICC 
values ranging from 
0.72 to 0.94. 

The SEM 
percentage for 
knee flexors and 
extensors varied 
between 13% to 
23.1%. the 
concentric 
measures were 
slightly higher 
than for the 
respective 
eccentric 
measures. 
The SEM 
percentage 
ranged from 
6.9% to 14.4%. 
The SEM 
percentage was 
smaller for the 
shoulder 
external rotators 
than the internal 
rotators. 

6/11 
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Note. CV – coefficient variation; D – dominant; ICC – intraclass coefficient correlation; LOA – limits of agreement; ND – non-
dominant; Nm – Newton meter; PCC – Pearson’s correlation coefficient; QAREL – Quality Appraisal for Reliability Studies; 
SEM – standard error of measurement 
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2.2. Reliability of an inclinometer to assess maximal range of motion of the 

shoulder joint 

Even though an earlier study by Awan and colleagues (2002) assessing the reliability 

of using an inclinometer to measure shoulder IR ROM amongst 56 unimpaired school 

athletes found moderate intra-rater reliability (ICC: 0.58-0.71) and poor to moderate inter-

rater reliability (ICC: 0.41-0.66), more recent reliability studies found an increase in both 

intra- and inter-rater reliability. Kolber and colleagues (2012) measured 30 asymptomatic 

adults’ shoulder ROM and reported good to excellent intra-rater reliability (ICC: 0.83-0.94) 

and moderate to excellent inter-rater reliability (ICC: 0.58-0.95). Though, the SEM scores 

they recorded were quite varied for both intra- and inter-rater reliability (SEM: 1.64-4.27; 

1.63-3.98 respectively) indicating greater variance in the observed scores which may be 

attributed to inadequate test design. These findings were supported by other recent studies 

by Cools et al., (2014), Furness et al., (2015) and Walker et al., (2016) who reported good to 

excellent intra- and inter-rater reliability. Cools and colleagues (2014) found good to 

excellent intra-rater reliability (ICC: 0.85-0.99) and excellent inter-rater reliability (ICC: 0.96-

0.99) which was somewhat supported by adequate minimal detectable change (MDC) score 

of 4.02-7.48. Further, Furness and colleagues (2015) documented an excellent reliability 

both in prone (ICC: 0.98-0.99) and in supine (ICC: 0.93-0.98) positions and was 

strengthened by a good SEM score of 1.5-2.4. A final study by Walker and colleagues (2016) 

measuring shoulder IR and ER ROM amongst 17 competitive swimmers found good to 

excellent intra-reliability (ICC: 0.85-0.96) and good to excellent inter-rater reliability (ICC: 

0.77-0.94) except for measuring the left shoulder IR (ICC: 0.65); however, the SEM scores 

for both intra- and inter-rater reliability is of an adequate level (SEM: 2-5).  

Overall, the inclinometer had good to excellent intra- and inter-rater reliability. The 

good intra-rater reliability shows that examiners can be confident when using the 

inclinometer, several times on the same person, as they are likely to get similar results. 

Further support to use an inclinometer is the good inter-rater reliability. This shows the 

robustness of the measure to changes in examiners.  
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Table 5 
Reliability studies investigating the inclinometer to measure maximal internal and external rotation of the shoulder joint 

Study Participants Measures Findings 

ICC SEM 
Awan et al., 
(2002) 

56 unimpaired high 
school athletes 
were assessed. 

Shoulder IR was 
measured using a 
digital inclinometer in 3 
different techniques – 
standard, manual 
scapular stabilisation 
and visual.   

The ICC values for intra-rater reliability 
varied between 0.58 to 0.71.  
For the inter-rater reliability the ICC 
values ranged between 0.41 and 0.66. 

Not reported. 

Kolber et al., 
(2012) 

30 asymptomatic 
adults (12 males 
and 18 females) 
were assessed.  

Active shoulder ROM 
was measured using 
an Acumar digital 
inclinometer.  

The ICC values for intra-rater reliability 
ranged between 0.83 and 0.94.  
The ICC values for the inter-rater 
reliability ranged between 0.58 to 0.95. 

The SEM value for the intra-rater 
reliability ranged between 1.64° to 
4.27°.  
For the inter-rater reliability the values 
varied between 1.63° and 3.98°.  

Cools et al., 
(2014) 

30 asymptomatic 
adults (15 women 
and 
15 men) were 
assessed. 

Shoulder ROM was 
measured using two 
instruments – a plastic 
Baseline goniometer 
and an Acumar Digital 
inclinometer.  

The ICC values for intra-rater reliability 
ranged between 0.85 to 0.99 in the 
various testing positions and using the 
different instruments. For inter-rater 
reliability the ICC values ranged 
between 0.96 to 0.99.  

The SEM was used to calculate the 
MDC. The MDC varied from 4.02° to
7.48° in the different testing positions
and using the different instruments.

Furness et al., 
(2015)  

15 subjects (8 
males and 7 
females) between 
the ages of 22 and 
48 years were 
assessed. 

Active shoulder IR and 
ER was measured 
using a standard 
gravity-dependent 
inclinometer and the 
HALO device in prone 
and supine positions.  

Using the inclinometer to measure the 
ROM in prone and supine, the ICC 
value varied between 0.98 and 0.99 
and 0.93 and 0.98 respectively.  
Using the HALO device to measure 
the ROM in prone and supine, the ICC 
values varied between 0.97 and 0.99 
and 0.97 and 0.98 respectively.   

Using the inclinometer in both prone 
and supine positions, the SEM value 
varied 1.5 and 2.4. Whereas, using the 
HALO device in these positions to 
measure ROM, the SEM values varied 
between 1.9 and 2.4.  

Walker et al., 
(2016)  

17 competitive 
swimmers aged 
between 12 and 24 
years who 
completed a 

Shoulder IR and ER 
was measured in 
supine using a Dualer 
inclinometer.  

For inter-rater reliability, the ICC 
values for all the shoulder ROM 
measured ranged between 0.77 and 
0.94, except for the left IR the ICC 
value was 0.65.  

For the inter-rater reliability the SEM 
value ranged between 2° and 5°. The 
MDC ranged between 5° and 12°.  
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minimum of 5 
weekly swimming 
sessions.  

For intra-rater reliability, the ICC 
values for all the shoulder ROM 
measures ranged between 0.85 and 
0.96.  

For the intra-rater reliability, the SEM 
value and MDC was the same as the 
inter-rater findings.  

Note. ER – external rotation; ICC – intraclass coefficient correlation; IR – internal rotation; MDC – minimal detectable change; ROM – range of 
motion; SEM – standard error of measurement  
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3. Comparative Research  

As stated previously, up to 90 percent of the total propulsive force in swimming is 

created by the upper extremities placing a great amount of repetitive stress through the 

shoulder joints.  If we observe the model described in figure 3, we acknowledge that Hill, 

Collins & Posthumus (2015) anticipated that various of factors can contribute to shoulder 

pain in swimmers. For the purpose of this review, we focus on shoulder ROM, strength, 

and pain. One approach we can use to determine whether there is a significant 

difference in these factors is to do a comparative analysis. In this section, comparative 

studies that have been published in peer-review journals (see table 6 and 7) are critically 

evaluated and methodological qualities are established to provide some confidence in 

the conclusions drawn from these studies. To assist with the evaluation of the 

methodological qualities of this review, the individual quality appraisal scoring for the 

individual studies are also documented (see appendix 9 and 10). Inherent in comparing 

specific measures is ensuring certain statistical criteria are met, particularly adequate 

sample size, strategies to deal with confounding factors, and appropriate statistical tests 

being used. Some of the studies do not report the statistical criteria, so the reader needs 

to be cognizant of this limitation and the interpretation of the results herewith.  

 

Note. Adapted from findings of a critical systematic review of risk factors for shoulder pain 

and injury amongst swimmers by Hill, Collins & Posthumus (2015).  

Figure 3. Schematic diagram of risk factors associated with shoulder pain in swimmers  
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3.1. Delimitations and Limitations 

Delimitations refers to the characteristics that limit the scope and describe the 

boundaries of a study providing clarity and ensuring the study remains focused. A total of 

741 swimmers were used in the research cited in table 6 and 7 of which 502(~68%) were 

females. In terms of age, most studies used athletes in their teens or twenties, two studies 

included a younger age group of 8 to 77 years (Tate et al., 2012) and 11-27 years (Walker et 

al., 2012).  Swimming was the only sport included in this sample. Training status varied from 

national to club level athletes. The results of the following analysis are most applicable to 

this demographic. 

Limitations refer to the weakness of a study, based on issues that are often out of the 

researcher’s control. Some of the limitations of the studies used in this review relate to the 

statistical criteria that was previously mentioned. For example, many studies do not account 

for confounding factors when completing their statistical analysis. It is important to consider 

confounding factors as they may conceal an actual association or falsely demonstrate an 

obvious association between variables where no real associations between them exist.  

In regard to methodology, some variation was recognised in the equipment used to 

measure strength goniometer, ultrasound and the testing order (most studies used some 

form of randomisation). Many researchers have allowed for familiarisation in their studies, 

except for studies by McLaine and colleagues (2018), Tate and colleagues (2012) and Tate 

and colleagues (2020). The person who reads this review needs to be judicious about any 

conclusions made from the analysis given the delimitation and limitations mentioned.  

3.2. Comparison between maximal peak torque and shoulder pain 

Due to the limited number of studies using an isokinetic dynamometer to measure 

peak torque of the shoulder amongst swimmers, this review included studies using both an 

isokinetic and a handheld dynamometer. Majority of the studies assessed maximal shoulder 

strength in various movements such as flexion, abduction, extension, IR, and ER. However, 

the reviewers were only interested in the IR and ER strength measures. 

Some contrasting findings have been reported on the difference between shoulder 

strength and shoulder pain. The more recent studies have found no significant difference 

between maximal peak torque of the shoulder and pain (Boettcher et al., 2020; Harrington, 

Meisel & Tate, 2014; McLaine et al., 2018). An earlier study by Bak and Magnusson (1997) 

found no difference in shoulder ER strength and the conventional ratio of concentric and 

eccentric IR:ER. Subsequent studies with similar population groups favoured these findings 

as they also found no significant differences between strength ratios (IR: p= 0.91; ER: p= 
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0.81) (McLaine et al., 2018) and maximal peak torque of ER (p= 0.71) or IR (p= 0.79) 

(Harrington et al., 2014).  

Although Bak and Magnusson (1997) found no significant difference in maximal ER 

strength and the conventional ratios when comparing side to side, they did find a significant 

decrease in both concentric and eccentric IR strength (p= 0.06; p= 0.07 respectively) and a 

significantly greater functional ratio of eccIR:conIR (p= 0.04) when comparing side to side 

and pain was present. When comparing between an injured group and a control group, the 

conventional ratio of both concentric ER:IR and eccentric ER:IR were significantly higher 

(p=0.02; p= 0.02 respectively). Additionally, the functional ratio of eccER:conIR between the 

injured and control groups indicated a significantly increased ratio amongst the injured 

swimmers (p= 0.02). Although the study by Tate and colleagues (2012) also found significant 

strength differences in maximal IR strength amongst swimmers, these findings were 

measured in the 12 to 14 year old group. On the contrary, Drigny and colleagues (2020) 

stated that the ROC curves for peak torque ratios to predict the risk of injury showed that 

conventional eccIR:eccER and functional eccER:conIR ratios less than 0.68 were indicative 

of a significant injury risk (p< 0.05).
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Table 6 
Comparison between shoulder maximal peak torque and shoulder pain in swimmers   

Study Participants Assessment Findings (p-value) Quality of 
Study 

    Level of 
Evidence for 
Effectiveness 

Bak et al., 
(1997) 

15 swimmers from the 
Danish National team 
between the ages of 
15 and 25 years with 
and without shoulder 
pain  

IR and ER isokinetic strength was 
assessed using the KinCom 
dynamometer.  
Shoulder flexion and abduction 
strength was measured using an 
HHD.  

There was lower concentric (p = 0.06) and 
eccentric (p = 0.07) IR strength in the painful 
shoulder in comparison to the pain-free 
shoulder. Also, the functional eccER:conIR 
strength ratio was greater on the painful 
shoulder side than the pain-free side (p = 
0.04). There was no significant difference in 
the ER strength measure and the 
conventional concentric and eccentric ER:IR 
ratios.  

3.c 

Tate et al., 
(2012) 

236 competitive 
female swimmers 
aged 8-77 years with 
and without shoulder 
pain  

Core endurance - side bridge test, 
prone bridge test, and closed kinetic 
upper extremity stability test  
PROM - inclinometer 
Muscle force production of IR, ER, 
and horizontal abduction in prone - 
HHD 
Pectoralis minor muscle length – 
PALM meter 
Scapular dyskinesis test  

Between ages 8 and 11 there was only a 
significant difference in middle trapezius 
strength between those swimmers with and 
without pain (p= 0.05). Between ages 12 and 
14 there was only a significant difference 
between internal rotation strength amongst 
the symptomatic and asymptomatic 
swimmers (p= 0.05).   

4.b 

Harrington 
et al., 
(2014)  

37 NCAA Division I 
female swimmers with 
and without shoulder 
pain  

Scapular depression and adduction, 
scapular adduction, IR, and ER 
measured using an HHD.  
Core endurance measured with a side 
and prone bridge. 

No significant difference in IR (p= 0.79) and 
ER strength (p= 0.71)  

4.b 
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McLaine 
et al., 
(2018) 

85 swimmers without 
a recent history of 
shoulder pain  

Shoulder flexion, extension, IR, and 
ER strength were measured using an 
HHD.  

There was a significant difference in strength 
between the male and female groups (p< 
0.002), but no significant difference between 
dominant and non-dominant side except for 
extension strength in males (p< 0.05). 
Swimmers with a history of shoulder pain did 
not show a significant difference in strength 
or strength ratios compared to those without 
pain (IR: p= 0.91; ER: p= 0.81).  

4.b 

Boettcher 
et al., 
(2020) 

68 elite swimmers (16 
years old or ≤ from 
both sexes) 

Maximal shoulder IR and ER strength 
were measured using an HHD.  

There was a significant difference between 
male and female IR strength (p= 0.002) but 
not for ER strength (p= 0.427). There were 
no significant differences in strength between 
hand dominance (p≥ 0.547) and pain status 
(p≥ 0.755). There are no significant 
associations between pain status and any 
shoulder strength parameters (p≥ 0.107).  

3.e 

Drigny et 
al., (2020) 

18 adolescent elite 
swimmers without 
current or recent (<1 
month) shoulder injury 
with time lost from 
sport participation or 
unable to do isokinetic 
test.  

IR and ER shoulder strength 
measured using Con-Trex isokinetic 
dynamometer.  

Both conIR and eccIR PTs were significantly 
greater in male than in female swimmers (p< 
0.05). The years of practice explained a 
significant proportion of variance in the PTs 
under all conditions (p< 0.01) and in the 
functional eccER:conIR ratio (p< 0.05).  
The ROC curves for the PT ratios as 
predictors of the risk of shoulder injury IR. 
There was a significant relative risk when the 
participant had eccER:conIR < 0.68 (p< 
0.05).  

3.e 

Note. conER – concentric external rotation; conIR – concentric internal rotation; eccER – eccentric external rotation; eccIR –eccentric 
internal rotation; ER – external rotation; HHD – handheld dynamometer; IR – internal rotation; LT – lower trapezius; NCAA – National 
Collegiate Athletic Association; PALM – palpation meter; PROM – passive range of motion  
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3.3. Comparison between maximal range of motion and shoulder pain 

It has been proposed by Hill and colleagues (2015) that shoulder range of motion 

may be a modifiable physiological risk factor associated with shoulder pain in swimmers and 

is therefore of interest in this review. The studies included use various assessment tools to 

measure shoulder range of motion, for example an inclinometer, a goniometer, a digital level, 

and ultrasound.  

To date, previous studies have examined the association between shoulder ROM 

and pain in swimmers. Three studies have found a significant difference in ROM amongst 

swimmers with shoulder pain. Walker and colleagues (2012) found a significant assocation 

between significant interefering pain and swimmers with both high and low external rotation 

ROM (p= 0.015) and met the multivariate model inclusion criteria for significant shoulder 

injury (p= 0.07). These findings were similar to that of Mise and colleagues (2022) where 

they found that external rotation is significantly decreased amongst those swimmers with 

pain (p= 0.02). To further support these positive findings, Tate and colleague (2012) reported 

a significant difference in passive range of motion amongst swimmers ages 8 to 11 years 

(flexion: p= 0.02; IR: p= 0.05). Conversely, there was no significant difference in ROM 

between the age 12 years to masters.  

Other previous studies have failed to demonstrate a statistically significant difference 

in ROM amongst swimmers with shoulder pain. Earlier studies by Beach and colleagues 

(1992) and Bak and Magnusson (1997) found no significant difference in shoulder ROM (p 

>0.001). A more recent study by Harrington and colleagues (2014) further strengthens these

previous findings as they also found no significant difference in ROM on the dominant side 

(ER: p= 0.40; IR: p= 0.21) nor on the non-dominant side (ER: p= 0.76; IR: p= 0.16). A 

multiple regression analysis by Holt and colleagues (2017) showed no association between 

current pain or history of pain with humeral torsion or any ROM changes (p= 0.46).   

3.4. Summary of Comparison Research 

These findings provide insight into whether there is a relationship between maximal 

shoulder strength and range of motion and pain amongst swimmers. Given the delimitations, 

limitations, and the variety of objective measures used to assess these variables, it is 

challenging to establish any association between a change in shoulder strength and ROM 

and pain with any real certainty from the studies reviewed in this section. Although 

comparative research attempts to discover a causal relationship between variables, it is 

fundamentally flawed by confounding factors such as sex, history of injury, training load, and 

the level of experience having various effects on the statistical model. 
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Table 7 
Comparison between maximal range of motion and shoulder pain in swimmers  

Study Participants Assessment Findings (p-values) Quality of 
Study 

    Level of 
Evidence for 
Effectiveness 

Beach et 
al., (1992)  

32 swimmers (28 division I 
collegiate swimmers and 4 
club swimmers).  

Shoulder flexibility was 
measured using a goniometer. 
Strength and endurance ratios 
were measured bilaterally with a 
Cybex II isokinetic 
dynamometer and the upper 
body exercise table.  

There was no significant correlation between 
shoulder flexibility, strength ratios, and 
shoulder pain (p> 0.001). A multiple 
regression analysis of 0.78 was found for the 
combination of ER and abduction endurance 
ratios to shoulder pain were significant (p≤ 
0.001).   

3.e 

     
Bak et al., 
(1997)  

15 swimmers from the 
Danish National team 
between the ages of 15 and 
25 years with and without 
shoulder pain 

Shoulder flexion and abduction 
strength was measured using 
an HHD. 
ROM was also assessed; 
however, the measuring tool 
was not stated.  

Although the IR ROM was reduced in the 
painful shoulders in comparison to the pain-
free swimmers, this difference was 
insignificant (p= 0.14). There was no 
difference in the ER ROM.  

3.c 

Tate et al., 
(2012)  

236 competitive female 
swimmers aged 8-77 years 
with and without shoulder 
pain.  

Core endurance - side bridge 
test, prone bridge test, and 
closed kinetic upper extremity 
stability test  
PROM - inclinometer 
Muscle force production of IR, 
ER, and horizontal abduction in 
prone - HHD 
Pectoralis minor muscle length 
– PALM meter 
Scapular dyskinesis test 

There was a significant difference in PROM 
shoulder flexion (p= 0.02) and IR (p= 0.05) 
amongst swimmers aged 8 to 11. There were 
no significant differences in the PROM 
measures for swimmers aged 12 to masters 
(p> 0.01).  

4.b 
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Walker et 
al., (2012) 

74 competitive swimmers 
from both sexes aged 11 to 
27. 

Active shoulder IR and ER at 
90° abduction was measured in 
supine using a Dualer 
inclinometer. Shoulder laxity 
was measured in prone at 90° 
abduction using an arthrometer. 
Anterior-posterior translation 
was applied to the shoulder joint 
when it was measured.   

ER was significantly associated with 
significantly interfering shoulder pain (p= 
0.015) and met the multivariate model 
inclusion criteria for significant shoulder injury 
(p= 0.07). Both ER ROM (SIP: p= 0.008; SSI: 
p= 0.02) and previous shoulder injury history 
(SIP: p= 0.02; SSI: p= 0.001) were significant 
independent predictors of shoulder injury.  

3.e 

Harrington 
et al., 
(2014) 

37 NCAA Division I female 
swimmers with and without 
shoulder pain 

PROM for shoulder IR and ER 
at 90° abduction using a digital 
inclinometer. 

On the dominant arm there is no significant 
differences in ROM between those swimmers 
with and without shoulder pain (ER: p= 0.40; 
IR: p= 0.21).  
On the non-dominant arm there is also no 
significant differences in ROM between 
swimmers (ER: p= 0.76; IR: p= 0.16) 

4.b 

Holt et al., 
(2017) 

70 elite Australian 
swimmers from both sexes 
and are ≥16 years old.  

Humeral torsion was measured 
in supine using a non-invasive 
ultrasound technique.  
IR and ER shoulder PROM was 
measured in supine and AROM 
was measured in both supine 
and prone using digital 
photographs.  

There was a significant main effect between 
IR and hand dominance (p= 0.046) and ER 
and hand dominance (p= 0.015). There were 
no differences between dominant and non-
dominant shoulders for any individual rotation 
ROM measure (p≥ 0.120). IR PROM 
measured significantly greater than IR AROM 
(p< 0.001). ER PROM also measured 
significantly greater than ER AROM (p< 
0.001). Multiple regression analysis showed 
no association between current shoulder pain 
or history of shoulder pain with humeral 
torsion or any shoulder ROM variables (p= 
0.46).  

3.e 
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Tate et al., 
(2020) 

30 collegiate swimmers 
aged 18 or older from a 
division III university.  

Passive shoulder IR, ER, and 
HADD were measured using a 
Precise Digital Level/Protractor 
digital. ROM was measured at 
three different times (T1 = week 
3; T2 = week 8; T3 – week 20).  

The ER ROM on the left shoulder was 
significantly greater from T1 to T2 (p= 0.014) 
and T1 to T3 (p= 0.005).  However, there was 
no significant change on the right shoulder 
(p= 0.7). The IR ROM on left shoulder was 
significantly less from T1 to T3 (p= 0.0001) 
and between T2 and T3 (p= 0.004). On the 
right shoulder IR ROM was significantly less 
between T1 and T2 (p= 0.0001), T1 and T3 
(p= 0.0001), and T2 and T3 (p= 0.009). 
HADD on the left was significantly reduced 
between T1 and T2 (p= 0.0001), T1 and T3 
(p= 0.0001), and T2 and T3 (p= 0.011). For 
HADD on the right, there was a significant 
decrease in ROM between T1 and T2 (p= 
0.0001) and T1 and T3 (p= 0.001).  

3.e 

Mise et 
al., (2022) 

76 competitive swimmers 
from both sexes with a 
mean age of 14 in Japan. 

Maximal shoulder IR and ER 
were measured with the elbow 
joint at 90° flexion and shoulder 
at 90° abduction using 
goniometry.  

For males, the ER was significantly lower in 
those with shoulder pain than those without 
pain (p= 0.02).  
For females whose average distance of 
swimming per session longer had 
significantly more pain (p= 0.02).  

3.e 

Note. AROM – active range of motion; ER – external rotation; HADD – horizontal adduction; HHD – handheld dynamometer; IR – internal 
rotation; NCAA – National Collegiate Athletic Association; PROM – passive range of motion; ROM – range of motion; SIP – significant 
interfering shoulder pain; SSI – significant shoulder injury  
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4. Conclusions and Future Research Guidance  

This review set out to critically evaluate the reliability of an isokinetic dynamometer to 

measure shoulder strength and an inclinometer to assess shoulder ROM. Additionally, the 

research investigating whether there is a difference between shoulder strength, ROM, and 

pain in swimmers was also critiqued. Given the limitations, it is challenging to draw a 

conclusion with any great certainty that changes in shoulder strength and ROM contributes 

to shoulder pain amongst swimmers. The model by Hills and colleagues (2015) is a simple 

illustration of the various influential factors on shoulder pain.  Also given the high prevalence 

of shoulder pain reported amongst swimmers, higher quality correlational studies need to be 

done to further explore these influential factors on shoulder pain. Future studies must ensure 

that an inclusion criteria has been made clear and that strategies to address confounding 

factors during data analysis are in place.  

The research presented in this review showed that an isokinetic dynamometer and 

an inclinometer can be effectively used by to measure an individual’s concentric and 

eccentric strength and ROM within a session by different examiners and between different 

sessions following at least one familiarisation session for the eccentric contraction. Although, 

there is more variance in the observed scores which may be attributed to poor test design 

rather than an examiner’s ability.  It is essential to determine the accuracy of these tools to 

measure shoulder strength and ROM in swimmers. As previously stated, these factors can 

potentially contribute to shoulder pain in swimmers and therefore need to be reliable in order 

for researchers to draw trustworthy and accurate conclusions and make validated 

recommendations.   Future research around reliability studies must ensure adequate 

blinding of the examiners to the results and clinical information of the participants and that 

the order of testing is randomised between sessions to limit the risk of potential bias.  Also, 

future studies need to ensure that the time interval between the repeated measures are 

compatible with the stability of the variable being measured to limit a carry-over effect.  

Addressing these limitations, there is a possibility that the precision in the scores of the 

variables may improve allowing for more reliable and interpretable findings.  

In addition, the study by Drigny and colleagues (2020) is the first to consider a 

longitudinal prospective study design to investigate the causal nature of the shoulder 

strength imbalance and injury. It is essential to acknowledge the limited number of injuries, 

the need for replicating this important work, and conducting an intervention study to 

determine whether improving the proposed factors do in fact decrease shoulder injuries in 

practice.  
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CHAPTER 3: Inter- and Intra-Session Reliability of Shoulder Range of Motion and 

Strength in Swimmers 

Abstract 

Background 

Range of motion (ROM) and strength assessments are essential in the clinical 

environment to monitor patient status and progression over time. Such assessments help to 

identify risk factors for developing shoulder pain, particularly in the athletic population. The 

majority of studies that have assessed ROM in athletic populations have used the supine or 

seated positions. To date, no studies have assessed ROM in a prone position in swimmers. 

Also, isokinetic dynamometry is an established tool to measure joint strength and is regularly 

used as a gold standard for other strength evaluations. Though there is extensive research 

on isokinetic dynamometers to measure concentric and eccentric shoulder strength, there is 

limited research within the swimming population.  

Aim 

The present study aims to evaluate inter- and intra-session reliability of the i) 

inclinometer to measure shoulder rotational range of motion in prone position and the ii) 

Humac Norm isokinetic dynamometer to assess concentric and eccentric shoulder strength 

amongst swimmers. 

Methods 

Six female (average age 21.3 ± 4.6) and four male (average age 21.5 ± 2.96) 

swimmers completed experimental protocols on a Humac Norm isokinetic dynamometer and 

inclinometer. For the inclinometer, the participants were lying prone on a plinth with their arm 

at 90° abduction, the forearm at 90° flexion and a neutral wrist. A Humac Norm isokinetic 

dynamometer was used to assess concentric and eccentric peak torque during shoulder 

internal and external rotation. Relative reliability was determined by intraclass correlation 

coefficient (ICC). Absolute reliability was quantified by standard error of measurement (SEM) 

and the coefficient of variation (CV). Differences across trials or within a trial were analyzed 

with paired t tests. 

Results 

The inter-session relative reliability was moderate to excellent for both assessment 

tools where the inclinometer was shown to be more reliable (ICC: 0.69-0.98; CV: 4.80-19.70) 

than the Humac Norm isokinetic dynamometer (ICC: 0.60-0.99; CV: 6.80-60.50). The 

absolute reliability was less than adequate with SEM varying between 0.00 to 7.20 for the 

Humac Norm isokinetic dynamometer and 1.71 to 5.36 for the inclinometer. The intra-

session relative reliability was excellent for both measuring tools with ICC ranging between 

0.98 to 1.00. Absolute reliability was acceptable with the SEM values reported between 0.00 
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and 1.84. The Humac Norm isokinetic dynamometer (ICC: 0.99 – 1.00; CV: 2.20-8.20; SEM: 

0.00-1.31) was shown to be more reliable than an inclinometer (ICC: 0.98-1.00; CV: 1.50-

19.80; SEM: 0.00-1.45) when used numerous times within a session. 

Conclusion 

Both assessment tools showed acceptable reliability for clinical use. The higher intra-

session reliability highlighted the importance of a familiarization session prior to the trials of 

testing. 
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Introduction 

The changes in the status of patients over time are routinely assessed by clinicians 

and researchers. Strength and range of motion (ROM) assessments are essential for several 

athletic populations. Such assessments help the diagnosis of shoulder injuries or 

pathologies, assess the progression and effectiveness of treatment, and help to quantity the 

amount of change in movement quality and force produced over time (Streiner & Norman, 

2008; van de Pol, van Trijffel & Lucas, 2010; Stark et al., 2011). Moreover, determining 

objective measures of ROM and strength is vital in identifying risk factors for shoulder pain, 

especially in the athletic population (Byram et al., 2010; Shanley et al., 2012). Hence the 

importance of establishing accurate and reliable objective measures to assess the functional 

status of the shoulder joint. Generally, shoulder ROM and strength are considered to be the 

necessary measures to evaluate shoulder function besides self-reported outcome scores 

and subjective findings (Roddey, Cook, O’Malley & Gartsman, 2005; Ginn, Cohen & Herbert, 

2006; Rudiger, Fuchs, von Campe & Gerber, 2008). 

It is worthwhile to recognize that the shoulder joint can be assessed in a position that 

is relevant and specific to the athlete. When considering swimming, the athlete spends the 

majority of their training session in a prone position regardless of their stroke specialization, 

therefore, considering a prone shoulder ROM assessment could be justified. Although there 

is a substantial amount of literature reporting on shoulder ROM amongst swimmers, current 

research is limited to assessments in predominantly supine (Beach, Whitney & Dickoff-

Hoffman, 1992; Harrington, Meisel & Tate, 2014; Mise et al., 2023; Tate et al., 2012; Walker 

et al., 2012; Tate et al., 2020). Prior to completing a physical assessment of the shoulder in 

the swimming population, a reliable protocol for evaluating ROM in prone needs to be 

established. Competitive swimmers can swim up to 14 000m a day which equates to over 

2500 shoulder rotations (Scovazzo et al., 1991) hence the importance of adequate shoulder 

rotation. Although there are various ways to assess ROM, an inclinometer seems to be 

superior as it can be calibrated based on the universal constant of gravity enabling the 

starting position to be consistently identified and repeated (Lea & Gerhardt, 1995). 

Additionally, ROM can be measured both actively and passively, however, active ROM is 

thought to be more reliable as it does not rely on the examiner’s ability to determine the end 

feel of the joint (Muir, Corea & Beaupre, 2010). To date, there have been no studies 

investigating the reliability of using an inclinometer to assess swimmers’ shoulder internal 

and external rotation in prone and within a swimming population. 

The propulsion of a swimmer is predominantly generated by the upper body, 

especially the shoulder internal rotators and adductors (Batalha et al., 2013; Weldon & 

Richardson, 2001; West, Sole & Sullivan, 2005). Consequently, these muscles become 

stronger and hypertrophied unlike their antagonists which can lead to muscle imbalances 
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(Batalha et al., 2013). An adequate muscle balance is the basis of joint stabilization (Mulla et 

al., 2019). The ratio between internal and external rotator strength is commonly used to 

assess the proportional relationship between agonist and antagonist muscles (Collado-

Mateo et al., 2018). Currently, isokinetic dynamometry is considered to be a valid tool to 

assess muscle strength and is often used as gold standard for other strength evaluations 

(Dvir, 1996; Pereira et al., 2019; Stark et al., 2011, van Dyk et al., 2016). Due to the constant 

angular velocity and accommodating resistance, the maximal force production of a muscle 

group can be assessed throughout a prescribed ROM (Perrin, 1993 & Perrin, 1994). 

Although there is extensive research investigating concentric and eccentric muscle strength 

around the shoulder joint, research within the swimming population is scarce. Moreover, 

limited studies utilize isokinetic devices and even less consider the functional ratio.  

Methods 

Purpose 

This study investigated the inter- and intra-session reliability of the inclinometer to 

assess maximal active internal and external range of motion of the shoulder joint in prone. 

Also, the reliability of using a Humac NORM to assess maximal peak torque of the shoulder 

internal and external rotators during concentric and eccentric contractions was investigated. 

Testing was completed during the competitive season. 

Participants 

Six female (average age 21.3 ± 4.6) and four male (average age 21.5 ± 2.96) 

swimmers from various levels volunteered to participate in this research. All participants 

were healthy (no known medical conditions as determined by a health questionnaire), had 

no previous shoulder surgery or shoulder injuries unrelated to swimming, and had no history 

of cervical and thoracic pathology. The participants all swam a minimum of 3-5 sessions a 

week for the past six months. Most of them were national swimmers with the exception of 

one participant. The procedures of this study were approved by the Auckland University of 

Technology Ethics Committee. Participants were informed of the risks and benefits of 

partaking in the study and signed informed consent was gained. 

Methodology 

All participants completed two sessions on separate days which lasted approximately 

30 minutes. The testing sessions were completed 1-2 weeks apart. Both ROM and strength 

measures were measured by a qualified physiotherapist with eight years of experience in 

musculoskeletal physiotherapy. The data collected from both testing sessions was used for 

inter-session reliability. The data from session two was used for intra-session reliability. 
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The active maximal shoulder range of motion was assessed using an inclinometer in 

a prone position. The participants were in prone with the arm being assessed over the edge 

of a plinth. The arm was taken into 90° abduction, the forearm flexed to 90°, and the wrist 

placed in neutral position (Clarkson, 2005). The angle of abduction was confirmed using a 

goniometer. A rolled towel was placed under the upper arm so that the humerus is visually in 

line with the acromion process to ensure a neutral horizontal position of the arm. Participants 

were instructed to actively rotate their arm as far as possible whilst light pressure was placed 

over the lateral epicondyle to ensure pure rotation. At the end of the available ROM, the 

inclinometer was placed on the anterior forearm adjacent to the radial styloid and the ROM 

measurement was taken. The examiner visually monitored for any thoracic extension or 

scapular retraction and corrected this with verbal cueing (appendix 11).  

Participants were secured to a Humac Norm dynamometer (Lumex, Ronkonkoma, 

NY, USA) to evaluate the strength of a maximal isokinetic concentric and eccentric 

contraction of the shoulder internal and external rotators of both arms. The dynamometer 

was set up with the humerus at 90° forward flexion and 45° abduction (in the scapular 

plane), the elbow joint flexed to 90°, and the wrist in neutral. The elbow was placed in the 

elbow stabilizer pad and fixated by a velcro strap so that the humerus (the shoulder’s axis of 

rotation) was in line with the dynamometer’s axis of rotation (Habets et al., 2018). The ROM 

of the test was individualized depending on the participant’s midrange and where they felt 

comfortable. The ROM for each participant was recorded and kept the same on both sides 

and for the re-test. To minimize any trunk movement, the trunk was secured by two straps 

across the chest and clipped together around the hips. A fixed sequence of testing was 

chosen due to practical considerations. The concentric followed by the eccentric contractions 

were performed at an angular velocity of 120°/s (Habets et al., 2018). During the re-test, the 

participants started with the same side as the initial test. Both concentric and eccentric tests 

kept the same protocols. The participants completed 3 sets of each contraction. The initial 

set consisted of 5 repetitions with a 25 second rest and was performed at 75% of maximal 

effort. The following 2 sets consisted of 4 repetitions with 45 seconds rest between each set 

and were performed at 80% and 100% of maximal effort respectively. During the eccentric 

testing, the participants were given verbal cues of “push” and “pull”.   

Statistical Analysis 

All data were recorded as means and standard deviations. The ROM was measured 

in degrees (°) and maximal strength (peak torque) was measured in newton-meters (Nm). 

Relative and absolute reliability indices were calculated under Will Hopkins (2016) 

recommendation. The intraclass correlation coefficient (ICC) and coefficient of variation (CV) 

were used to evaluate the relative reliability. Particularly, the ICC₂,₁ (two-way mixed, single 
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measures) with 95% confidence intervals was used (Shrout & Fleiss, 1979). ICC values less 

than 0.5 was indicative of poor reliability, 0.5-0.75 moderate reliability, 0.75-0.9 good 

reliability, and over 0.90 was indicating excellent reliability (Koo & Li, 2016). A CV value of 20 

or less was considered acceptable (Reed, Lynne & Meade, 2002). The Standard Error of 

Measurement (SEM) was calculated to measure absolute reliability. The SEM was 

calculated as 𝑆𝐸𝑀 = 𝑆𝐷 √1 − 𝐼𝐶𝐶 where SD is the mean SD of both repetitions. A SEM 

value between 0.8-0.9 was considered an adequate demonstration of acceptable reliability 

(Tighe, McManus, Dewhurst, Chis & Mucklow, 2010).  

Results 

Table 8 summarizes the inter-session reliability analysis of the inclinometer and 

Humac Norm isokinetic dynamometer with ICC and CV values and SEM. ICC values ranged 

between 0.60-1.00 varying from moderate to excellent reliability for both devices. The CV 

values ranged between 4.80-60.50 indicating a wide range of variability between tests. 

Though, the CV values for the inclinometer were more acceptable (4.80-19.70) than the 

Humac Norm (6.80-60.50). Furthermore, the SEM values for both devices ranged from 0.00-

7.20, which further indicates a less adequate demonstration of acceptable reliability. Peak 

torque (PT) of concentric ER on the right, eccentric ER on the left, and eccentric IR on the 

left showed excellent reliability with a lower CV value (8.00, 7.20, 6.80 respectively) and 

more acceptable SEM values (0.00, 1.35, 1.28 respectively). The inclinometer was shown to 

be more reliable than the Humac Norm isokinetic dynamometer with the ICC values varying 

from 0.69 to 0.98 and CV values within an acceptable range (4.80-19.70). The SEM values 

varied (1.71-5.36). The use of an inclinometer in prone to assess maximal IR, specifically on 

the left, was shown to be most reliable (ICC: 0.98; CV: 15.00; SEM: 1.71). 

Table 9 showed the intra-session reliability of the inclinometer and Humac Norm 

isokinetic dynamometer. The ICC values for both devices ranged from 0.98 to 1.00 indicating 

excellent reliability. The CV values varied from 1.50-19.80, also showing adequate reliability. 

Likewise, the SEM values ranged from 0.00-1.84 demonstrating acceptable reliability of both 

devices. The Humac Norm isokinetic dynamometer (ICC: 0.99 – 1.00; CV: 2.20-8.20; SEM: 

0.00-1.31) was a more reliable assessment tool than the inclinometer (ICC: 0.98-1.00; CV: 

1.50-19.80; SEM: 0.00-1.45) when used multiple times within a session. 
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Table 8 
The inter-session reliability of the Humac Norm and Inclinometer to assess maximal peak torque and range of motion of the 
shoulder joint    

Variables Trial 1 Trial 2       

  Mean SD  Mean  SD CV  ICC  SEM   

PT con ER on L)  25.75 13.40 25.05 8.88 60.50 0.60 7.05 

PT con ER on R)  29.05 13.56 27.48 11.02 8.00 1.00 0.00 

PT con IR on L)  33.84 16.16 33.00 14.54 57.50 0.78 7.20 

PT con IR on R)  38.58 19.03 40.05 21.96 17.00 0.99 2.05 

PT ecc ER on L)  58.60 14.25 54.83 12.82 7.20 0.99 1.35 

PT ecc ER on R)  60.80 19.44 53.09 15.85 15.70 0.93 4.67 

PT ecc IR on L)  47.45 12.43 47.41 13.08 6.80 0.99 1.28 

PT ecc IR on R)  49.08 15.09 49.13 18.53 23.00 0.82 7.13 

ROM ER on L)  101.37 10.18 100.33 9.09 4.80 0.69 5.36 

ROM ER on R)  106.70 9.46 100.40 8.98 5.90 0.68 5.21 

ROM IR on L)  30.50 12.42 32.37 11.82 15.00 0.98 1.71 

ROM IR on R)  35.77 13.69 32.70 11.25 19.70 0.95 2.79 
Note. Con - concentric; CV - coefficient of variation; Ecc - eccentric; ER - external rotation; ICC - intraclass correlation coefficient; IR - 
internal rotation; L - left; PT - peak torque; ROM - range of motion; R - right; SD - standard deviation; SEM – standard error of mean 
(measured in Newton-metres for PT and degrees for ROM)  
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Table 9 
The intra-session reliability of the Humac Norm and Inclinometer to assess maximal peak torque and range of motion of the shoulder joint   

Variables Test 1 Test 2 Test 3    
  Mean  SD Mean SD Mean  SD CV  ICC SEM  

PT con ER on L)  25.65 9.65 26.69 9.24 25.26 7.95 5.40 1.00 0.00 

PT con ER on R)  30.31 11.40 30.13 11.27 29.46 11.78 3.60 1.00 0.00 

PT con IR on L)  35.69 15.06 35.78 15.71 36.31 13.94 5.80 1.00 0.00 

PT con IR on R)  40.29 23.60 40.98 24.05 41.32 24.65 8.20 1.00 0.00 

PT ecc ER on L)  54.50 14.96 54.79 15.24 53.42 12.95 4.20 1.00 0.00 

PT ecc ER on R)  50.51 13.09 50.61 13.41 51.14 14.32 6.40 1.00 0.00 

PT ecc IR on L)  52.54 14.90 50.29 14.43 49.51 9.87 7.10 0.99 1.31 

PT ecc IR on R)  51.67 22.67 55.09 24.85 50.15 18.07 2.20 1.00 0.00 

ROM ER on L)  101.8 11.67 103.0 10.43 100.30 8.59 2.40 0.98 1.45 

ROM ER on R)  103.8 7.74 106.4 8.87 106.90 8.81 1.50 1.00 0.00 

ROM IR on L)  31.40 13.34 31.30 12.54 28.60 12.67 19.80 0.99 1.29 

ROM IR on R)  37.80 13.51 35.80 12.94 35.70 12.50 11.90 0.98 1.84 

Note. Con - concentric; CV - coefficient of variation; Ecc - eccentric; ER - external rotation; ICC - intraclass correlation coefficient; IR - 
internal rotation; L - left; PT - peak torque; ROM - range of motion; R - right; SD - standard deviation; SEM – standard error of mean 
(measured in Newton-metres for PT and degrees for ROM) 
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Discussion 

This study aimed to evaluate the inter- and intra-session reliability of shoulder range 

of motion and strength in swimmers using an inclinometer and a Humac Norm isokinetic 

dynamometer. To our knowledge this is the first study to determine the reliability of an 

inclinometer to assess shoulder rotational ROM in swimmers in prone. Additionally, only two 

prior studies (Bak & Magnusson, 1997; Drigny et al., 2020) have used isokinetic 

dynamometers to assess maximal concentric and eccentric peak torque in swimmers; 

however, these studies did not use the Humac Norm isokinetic dynamometer. Therefore, this 

study is the first to evaluate the reliability of the Humac Norm isokinetic dynamometer to 

measure maximal concentric and eccentric peak torque in swimmers. The main findings 

showed that both the inclinometer and Humac Norm isokinetic dynamometer were reliable 

tools to assess shoulder ROM and concentric and eccentric peak torque in swimmers.  

Inter- and intra-session reliability is vital to ensure correct interpretation of the 

measurement results within a clinical environment. Various statistical methods have been 

used to measure the reliability of assessment tools. A review by Zaki and colleagues (2012) 

reported that the intraclass correlation coefficient (ICC) was the most popular method to 

evaluate reliability. Other methods used to assess reliability include means comparison, 

Bland-Altman limits of agreement (LoA), and Pearson’s correlation coefficient (r).  

The present study used ICC to determine relative reliability of the two assessment 

tools - i.e. the Humac Norm isokinetic dynamometer and the inclinometer. ICC values range 

from 0.00 to 1.00. Generally, ICC close to 1.00 shows high similarity between values from 

the same group. Whereas ICC close to 0.00 means that values from the same group are not 

similar. Koo and Li (2016) proposed that the reliability of a certain assessment tool is 

considered good if the computed ICC value is greater than 0.75. The ICC value is a 

proportional index of reliability where the error variance is compared to the between-subject 

variance (van Meeteren, Roebroeck & Stam, 2002); however, in a clinical setting 

proportional reliability is not informative. Therefore, absolute reliability focusing on the error 

variance can be used to interpret two consecutive measures in individuals. Thus, the 

standard error of measurement (SEM) was calculated in this study. SEM is indicative of 

errors within the test procedures and can be dependent on the action, side, or direction of 

the movement being assessed. Consequently, ensuring a standardized protocol for all 

measurements is essential for reliability. Other potential factors of error that can influence 

the reproducibility of test findings and contribute to reduced consistency of the results 

include but not limited to the equipment used, data processing, the examiners, and 

participant-linked variations (Dvir, 1995).  
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The Reliability of the Inclinometer 

While there are several ways to measure shoulder range of motion (ROM) in the 

clinical setting, the most used tools are the goniometer and inclinometer (Roy & Esculier, 

2011). Earlier research has documented the use of an inclinometer to assess active shoulder 

internal (IR) and external rotation (ER) (Green, Buchbinder, Forbes, & Bellamy, 1998; Awan 

et al., 2002; Hoving et al., 2002; Kolber, Slatzman, Beekhuizen & Cheng, 2009; Kolber et al., 

2011; Kolber & Hanney, 2012; Cools et al., 2014; Furness et al., 2015; Walker et al., 2016). 

Although only two of these studies investigated ROM in a prone position (Kolber et al., 2009; 

Kolber & Hanney, 2012). The most recent study by Furness and colleagues (2015) also 

investigated the reliability of an inclinometer and HALO device in both prone and supine 

position. It is more logical to assess ROM in a sport-specific position.  

An aim of this study was to determine the inter- and intra-session reliability of an 

inclinometer to assess active shoulder internal and external rotation amongst swimmers in a 

prone position. This position was selected as swimmers spend majority of their time in the 

pool in prone. Also, three out of the four strokes are done in a prone position. Previous 

studies reported moderate to excellent inter-rater (ICC: 0.58-0.99) and intra-rater (ICC: 0.58-

0.99) reliability of the inclinometer (Awan et al., 2002; Kolber et al., 2011; Cools et al., 2014; 

Furness et al., 2015; Walker et al., 2016). One study did report poor to moderate inter-rater 

reliability (ICC: 0.41-0.66) (Awan et al., 2002). However, the present study only documented 

the intra-rater reliability between sessions and within a session. 1. The findings of intra-

session reliability are consistent with that of Furness et al. (2015) where the ICC ranged from 

0.93 to 0.99. The inter-session reliability was slightly higher (ICC: 0.82-0.96) in Furness et al. 

(2015) study than in the present one (ICC: 0.68-0.98). The study by Walker and colleagues 

(2016) was the only study to measure the reliability of an inclinometer in swimmers; 

however, the measuring position was in supine. It is also important to acknowledge that the 

participants in this present study were both symptomatic and asymptomatic, whereas in all 

the previous studies the participants had no shoulder pain.  

The Reliability of the Humac Norm Isokinetic Dynamometer 

The review by Edouard and colleagues (2011) highlights the limited data available on 

the inter-session reliability of isokinetic dynamometry of the shoulder joint. Only five studies 

that were identified had similar testing procedures to the current study (Dauty et al., 2003; 

Kimura et al., 1996; Frisiello et al., 1994; Kramer & Ng, 1996; Malerba et al., 1993). The 

specific protocol chosen for this study was a preset testing position for measuring shoulder 

internal and external rotators peak torque on the Humac Norm isokinetic dynamometer. 

Participants were in a seated position with the shoulder in 45° abduction in the scapular 

plane and the testing speed was set to 120°per second. Peak torque during concentric and 
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eccentric contractions were assessed. Methodologically high-quality studies have supported 

this position of testing (Dauty et al., 2003; Davies, 1992; Codine et al., 2005; van Meeteren 

et al., 2002; Plotnikoff & MacIntyre, 2002).  Movement in the scapular plane allows the 

glenohumeral joint to be near its loose-packed position optimizing the potential for peak 

torque during rotation and it is more physiological, safe, and comfortable for the participants. 

On average, competitive swimmers complete 63.08 strokes per minute which equates to 

1.05 strokes per second (Hyodo, Koga, Sengoku & Wada, 2023). If one stroke is almost 

360° of shoulder rotation, the angular velocity of a swimmer’s shoulder during the freestyle 

stroke can be considered as 360° per second. This measure of angular velocity cannot be 

mimicked by the Humac Norm isokinetic dynamometer, therefore a testing speed of 120° per 

second was used.  This is a favorable velocity due to the challenges and consequences 

associated with higher speed (Dvir, 1995).  

Although there are some studies investigating the reliability of isokinetic 

dynamometry to assess shoulder strength, there is only one study that considered the 

swimming population (Collado-Mateo et al., 2018). These researchers used the Biodex 

dynamometer to assess concentric internal and external rotation at an angular velocity of 

60° per second (Collado-Mateo et al., 2018). To our knowledge, this current study was the 

first to evaluate the inter- and intra-session reliability of the Humac Norm isokinetic 

dynamometer to measure the concentric and eccentric peak torque of a swimmer’s shoulder. 

We found good to excellent relative inter-session reliability, with ICC values ranging from 

0.78 to 1.00 for shoulder rotation during both concentric and eccentric contractions. The only 

measure which had adequate reliability was concentric external rotation on the left (ICC: 

0.60). Our findings were consistent with other studies where their ICC values also varied 

from 0.69 to 0.97 indicating adequate to excellent reliability (Mandalisdis et al., 2001; 

Plotnikoff et al., 2002; van Meeteren et al., 2002; Dauty et al., 2003; Edouard et al., 2013; 

Collado-Mateo et al., 2018; Habets et al., 2018). However, some differences were noted 

from the studies by Mandalisdis and colleagues (2001) and more recently Edouard and 

colleagues (2013) who reported reliability for isokinetic dynamometry to assess eccentric 

contractions was slightly lower. Whereas our study found lower reliability for the concentric 

contractions on the left side only.  

While good to excellent relative inter-session reliability for isokinetic dynamometry 

has been found, it is still important to consider the coefficient of variation (CV) values. The 

CV value is a type of measure of dispersion used to gauge the extent of the variability of the 

data. Depending on the specific contraction type and side of the test, the CV values varied 

from 4.80 to 60.50. As CV values were not included in other studies, there is nothing to 

compare our results to. Our results did show an unacceptable CV value for concentric 

external rotation (CV: 60.50) and internal rotation (CV: 57.50) on the left, and for eccentric 
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internal rotation on the right (CV: 23.00).  Despite not being able to compare CV values, a 

comparison between SEM can be made to determine absolute inter-session reliability and is 

also considered to be more clinically relevant. Previous studies reported adequate SEM 

values demonstrating acceptable reliability for isokinetic dynamometry (Mandalisdis et al., 

2001; Plotnikoff et al., 2002; Van Meeteren et al., 2002; Dauty et al., 2003; Edouard et al., 

2013; Collado-Mateo et al., 2018; Habets et al., 2018). This differs from the findings 

presented in this study where the SEM values were relatively high varying from 0.00 to 7.20. 

One possible explanation for this could be the lack of familiarization especially for the 

eccentric contractions. Eccentric movements are not typical actions in daily life which may 

contribute to the inter-session variability increasing the measure of error. Also, when 

comparing the reliability of eccentric contractions in other studies the SEM values were 

greater than the concentric values (Mandalisdis et al., 2001; Plotnikoff et al., 2002; Van 

Meeteren et al., 2002; Dauty et al., 2003; Edouard et al., 2013; Collado-Mateo et al., 2018; 

Habets et al., 2018). This is similar to our findings where the eccentric SEM values varied 

from 1.28 to 7.13 and the concentric SEM values were from 0.00 to 7.20.  

On the contrary to these findings of ICC, CV, and SEM values for the inter-session 

reliability, intra-session reliability values were notably more reliable. The ICC values ranged 

from 0.99 to 1.00, the CV values were between 2.20 and 8.20, and the SEM values varied 

from 0.00 to 1.31. All these values indicated excellent relative intra-session reliability and 

adequate absolute intra-session reliability. These findings further support the need for a 

familiarization session prior to formal testing commencing to limit the measurement of error.  

Limitations and Future Research 

This study did have some limitations that need to be acknowledged. Despite the 

utmost effort to standardize the protocol for measurement and stabilization, no external 

fixation was used for reasons of clinical relevance. Also, the end of range during the ROM 

assessments were determined by subjective criteria rather than objectively controlled. No 

familiarization sessions prior to testing were completed. Although moderate to excellent 

inter-session reliability was found for both assessment tools, the values improved with intra-

session reliability highlighting the importance for familiarization to get more accurate and 

consistent values. Lastly, this present study did not measure inter-rater reliability. This needs 

to be recognized when applying the findings in a clinical setting, especially when there is 

more than one health professional managing the same patient.  

As previously acknowledged, this is the first study to evaluate the inter-session and 

intra-session reliability of both the inclinometer in prone and the Humac Norm isokinetic 

dynamometer to assess the ROM and strength of the shoulders in swimmers who have 
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shoulder pain or not. Further research is required to confirm and validate the findings of this 

study.  

Conclusion 

The purpose of this study was to identify the inter- and intra-session reliability of the 

inclinometer and the Humac Norm isokinetic dynamometer to measure the strength and 

rotational ROM of a swimmer’s shoulder. The study found moderate to excellent inter-

session reliability and good to excellent intra-session reliability for both assessment tools. 

Also, the need for at least one familiarization session was highlighted. Clinicians can 

consider using these assessment methods on swimmers as it is sport-specific and reliable.  
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CHAPTER 4: Shoulder Strength and Range of Motion in Swimmers with and 

without Shoulder Pain: A Cross-Sectional Study 

Abstract 

Background 

Shoulder pain in swimmers is very common and can be attributed to the high volume 

of shoulder rotations during swimming. Also, it has been found that shoulder internal rotators 

and adductors are the primary muscles to produce the propulsive forces during a stroke 

(Hibberd & Myers, 2013). Consequently, they become stronger than their antagonists and 

potentially cause muscle imbalances around the glenohumeral joint. Further, the external 

rotators act eccentrically to help prevent the anterior translation of the humeral head during a 

swimming stroke (Gaudet et al., 2018). Though there is extensive research regarding muscle 

strength and shoulder pain, more specifically in overhead sports, there is limited evidence in 

the swimming population. There is also no other study investigating shoulder range of 

motion (ROM) in the prone position in swimmers. This testing position is more sport-specific 

and has potential to add value to the existing research investigating whether altered ROM 

can influence shoulder pain in swimmers.  

Aim 

The present study aims to measure the maximal shoulder internal and external 

rotation strength (concentric and eccentric) and range of motion in swimmers, and to 

determine whether there is a difference in these measurements between swimmers who 

experience shoulder pain and those who do not.  

Methods 

Seven female (average age 20.86 ± 4.42) and four male (average age 21.5 ± 2.96) 

swimmers from local clubs participated in this study. They completed experimental protocols 

on a Humac Norm isokinetic dynamometer and an inclinometer. Both concentric and 

eccentric maximal shoulder internal and external rotation strength were measured. For the 

inclinometer, participants were instructed to lie prone on a plinth with their arm abducted to 

90°, elbow flexed to 90°, and wrist in neutral.  

Results 

In the asymptomatic group, no significant difference in strength between side to side 

was found, regardless of whether it was a concentric or eccentric contraction. Although when 

comparing concentric with eccentric movements in this group, there was a significant 

difference between concentric and eccentric external rotation. The swimmers’ external 

rotators were significantly stronger when working eccentrically (Left: p= 0.01, ES = -2.17; 

Right: p= 0.01, ES= -1.76). Despite these findings, the symptomatic group has no significant 

difference in strength when comparing the painful and non-painful sides, except when the 
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internal rotators work concentrically. The non-painful shoulder internal rotators were 

significantly stronger than the painful side during a concentric contraction (p= 0.05, ES= -

0.96). Although there was no significant difference in the functional ratio (eccER:conIR) in 

the asymptomatic group, in the symptomatic group the ratio was significantly greater for the 

painful shoulder compared to the pain free side (p= 0.04). No significant difference in range 

of motion was found regardless of pain being present or not.  

Conclusion 

There is no difference in shoulder range of motion in swimmers regardless of hand 

dominance and whether they experience shoulder pain or not. Furthermore, swimmers who 

do not experience shoulder pain were found to have stronger external rotators when working 

eccentrically regardless of hand dominance. On the contrary, their internal rotators are 

stronger during concentric contractions. Despite these findings, swimmers who have painful 

shoulders had significantly weaker internal rotators on the painful side during concentric 

movements. Furthermore, in the symptomatic group, the painful shoulder did have a greater 

functional ratio than the asymptomatic side. This study’s findings highlight some of the 

muscle imbalances (concentric vs. eccentric and painful vs. non-painful side) around the 

shoulder of swimmers. The functional ratio to compare strength measurements has 

previously primarily been studied in other overhead and upper limb dominant sports. As this 

is the second study to use the functional ratio (eccER:conIR) to analyze the shoulder 

strength of swimmers, further research is needed to improve the validity and reliability of the 

ratio being used in the swimming community. Additionally, this study is among the few to 

measure both concentric and, in particular, eccentric shoulder strength in swimmers, hence 

more studies are required to either confirm or challenge our findings. Future research is 

needed to validate the findings of the ROM assessment as it is the first study to measure a 

swimmer’s shoulder ROM in prone.    
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Introduction 

Swimming is a unique activity that requires motor skills driven by muscle strength, 

endurance and control in a non-weight bearing position (Struyf et al., 2017; Wiazewicz & 

Eider, 2021). The majority of the propulsive forces are primarily generated by the upper 

body, unlike other sports where the legs initiate and contribute to these forces (Batalha et al., 

2020; Pink & Tibone, 2000). Up to 90 percent of the driving force is predominantly produced 

by the torque of the shoulder (Pink & Tibone, 2000). For the shoulder to produce this torque, 

several different shoulder motions are involved, particularly in a clockwise and 

counterclockwise direction with varying degrees of shoulder internal and external rotation 

and scapular protraction and retraction (Tovin, 2006). Fundamentally, swim strokes place the 

shoulder joint in extreme ranges of motion whilst a tremendous amount of muscular force is 

exerted simultaneously (Bak, 2010; Ceccon et al., 2013; Heinlein & Cosgarea, 2010; Tate et 

al., 2012; Yanai & Hay, 2000).  

Shoulder internal rotators and adductors are the main muscle groups to produce the 

power for propulsion in majority of the strokes (Hibberd & Myers, 2013) which can result in 

these muscles becoming stronger than their antagonists, thus potentially causing muscle 

imbalances (Batalha et al., 2013; Weldon & Richardson, 2001; West, Sole & Sullivan, 2005). 

Moreover, muscle strength changes may occur especially in the internal and external 

rotators as they assist with performance. Although measuring the absolute strength of the 

shoulder muscles may be useful in determining the risk of injury or pain in swimmers, 

developing a balanced strength ratio could be more appropriate (Ramsi et al., 2004) as the 

rotators of the shoulder contribute to the stability and mobility of the glenohumeral joint 

particularly in overhead athletes (Batalha et al., 2013; Codine et al., 1997; Ramsi et al., 

2004; Wilk & Arrigo, 1993). 

Regardless of the stroke specialization during swimming, most of the training 

involves freestyle. On average, a swimmer will complete 60 000m to 80 000m a week with a 

stroke count of 8 to 10 per 25m equating to approximately 30 000 shoulder rotations in a 

week (Heinlein & Cosgarea, 2010). This places an incredible amount of stress on the 

shoulder. It is with no surprise that the prevalence of shoulder pain in swimmers varies 

between 40 and 91 percent (Bak, 2010; Matzkin et al., 2016; Sein et al., 2010). It accounts 

for 20 to 35 percent of swimmers’ experiencing time-loss to injury each year (Gaunt & 

Maffulli, 2012). Determining the contributing factors to shoulder pain in swimmers can 

potentially aid their rehabilitation and help reduce the time-loss to injury. A clear consensus 

regarding the etiology of shoulder pain in swimmers is lacking. A previous study by Bak 

(2010) found an absolute or sudden increase in training volume and poor technique resulting 

from insufficient muscle strength to be the most common contributor to shoulder pain. On the 

contrary, a retrospective epidemiological study by Tessaro and colleagues (2017) found no 
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statistical significance between shoulder pain and years of swimming; training frequency, 

duration, or volume; or current or history of participation in other overhead activities. It is 

believed that the cause of shoulder pain in swimmers is multifactorial making it challenging 

to isolate specific contributing factors (Rodeo, 2004; Rupp, Berninger & Hopf, 1995; 

Wanivenhaus et al., 2012; Weldon & Richardson, 2001; Zemek & Magee, 1996). Some of 

the modifiable factors that can predispose swimmers to shoulder pain include muscle 

strength imbalances, altered muscle endurance and coordination, and deficits in 

glenohumeral mobility (Hibberd & Myers 2013; Struyf et al., 2017). A study by Walker and 

colleagues (2012) found that adequate rotational ROM is required for correct swimming 

technique to avoid any shoulder impingement. Previous research has found a significant 

difference in internal and external rotation ROM in swimmers with shoulder pain or not (Mise 

et al., 2022; Walker et al., 2012). More specifically, those swimmers whose external rotation 

ROM measure high (≥100°) or low (≤93°) were more at risk of developing shoulder pain or 

injury, regardless of swimming training exposure (Walker et al., 2012).  

Although there is extensive research examining concentric and eccentric muscle 

strength in overhead athletes, there are limited studies investigating the internal and external 

rotation strength using isokinetic dynamometry in swimmers (Bak et al., 1997; Tate et al., 

2012; Harrington et al., 2014; McLaine et al., 2018; Boettcher et al., 2020; Drigny et al., 

2020), especially those experiencing shoulder pain (Bak et al., 1997; Tate et al., 2012; 

Harrington et al., 2014; Boettcher et al., 2020). Furthermore, to the best of our knowledge, 

there is no study measuring shoulder rotational range of motion in prone in swimmers 

regardless of them being symptomatic or not. 

Methods 

Purpose  

This cross-sectional study aimed to assess the maximal strength of the shoulder 

internal and external rotators during concentric and eccentric contractions. Additionally, 

maximal active shoulder internal and external rotation were measured in a prone position. 

The differences between these strength and ROM measures between swimmers who 

experience shoulder pain or not was also determined. Testing occurred during the 

competition season.   

Participants  

Seven female (average age 20.86 ± 4.42) and four male (average age 21.5 ± 2.96) 

athletes from local swimming clubs volunteered to participate in this study. The swimmers’ 

competitive levels varied; however, they all swam a minimum of 3-5 sessions a week for the 

past 6 months as a requirement to take part in this study. All participants were healthy (no 

known medical conditions verified by a health questionnaire), had no previous shoulder 
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surgeries or injuries unrelated to swimming, and had no history of cervical or thoracic spine 

pathologies. The procedures of this study were approved by Auckland University of 

Technology Ethics Committee. Participants were given an information sheet prior to the 

testing sessions. The testing procedures were also verbally explained to the participants and 

an opportunity to ask questions prior to the testing was given. The participants gave written 

informed consent. The Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire and 

Swimmer Functional Pain Scale (SFPS) (appendix 12) score ≥ 4/10 and a DASH score of > 

6/20.  

Methodology  

Prior to the formal testing, all participants attended a familiarization session which 

took approximately 30 minutes to complete. All testing sessions were performed between 1-

2 hours after a training session. Both the strength and ROM measures were taken during the 

familiarization session and again at the formal testing session. All the tests were completed 

by a qualified physiotherapist. Only the data from the formal testing session was analyzed 

for this study.  

A Humac Norm isokinetic dynamometer (Lumex, Ronkonkoma, NY, USA) was used 

to measure the maximal strength of the shoulder internal and external rotators. Maximal 

strength during both a concentric and an eccentric contraction was measured. The strength 

testing was completed on both arms. The arm being measured was set up at 90° forward 

flexion, 45° abduction (in the scapular plane), 90° elbow flexion, and the wrist was in the 

neutral position. The elbow was supported by the elbow stabilizer pad and fixated by a 

velcro strap. This allowed the humerus (the shoulder’s axis of rotation) to be in line with the 

dynamometer’s axis of rotation (Habets et al., 2018). The ROM of the tests were individually 

set depending on what the participant felt comfortable with. The ROM was kept the same for 

both arms and during the familiarization and formal testing sessions. To minimize any trunk 

movement, the trunk was secured by two straps across the torso that clipped together over 

the hips. A fixed sequence of testing was used due to practical considerations. First the 

concentric contractions were performed followed by the eccentric contractions at a set 

angular velocity of 120°/s (Habets et al., 2018). During the familiarization and formal testing 

sessions, the participants started with the same side. Both concentric and eccentric tests 

kept the same protocols. The testing protocol consisted of 3 sets of each contraction type. 

The sets consisted of 1) 5 repetitions at 75% of maximal effort with 25 seconds rest, 2) 4 

repetitions at 80% of maximal effort with 45 seconds rest, and 3) 4 repetitions at 100% 

maximal effort with 45 seconds’ rest. During the eccentric testing, verbal cues of “push” and 

“pull” were given.  
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Maximal active internal and external rotation of both shoulders were assessed in a 

prone position using an inclinometer (Baseline Bubble 360° inclinometer). The participants 

were instructed to lie prone on a plinth with their arms over the edge. The arm being tested 

was placed into 90° abduction with the elbow flexed to 90°, and the wrist in the neutral 

position (Clarkson, 2005). The angle of abduction was measured using a goniometer. To 

ensure a neutral horizontal position of the arm, a rolled towel was placed under the upper 

arm so that the humerus was visually in line with the acromion process. Participants were 

asked to actively rotate their arm as far as possible whilst the tester placed light pressure 

over the lateral epicondyle to ensure pure rotation. At the end of the available ROM, the 

inclinometer was placed on the anterior forearm adjacent to the radial styloid and the ROM 

was recorded. Any thoracic extension and scapular retraction were visually monitored by the 

tester and corrected with verbal cueing. 

Statistical Analysis  

All data are presented as means and standard deviation. Paired t-tests were used to 

compare i) the maximal shoulder strength between side to side and also concentric versus 

eccentric contractions and ii) ROM measures of swimmers with shoulder pain or not. The 

magnitude of the differences was determined using the effect size and Cohen’s d coefficient 

(Cohen, 1988). This was interpreted as follows: small difference (0.15 < d < 0.4), medium 

difference (0.5 < d < 0.7), and large difference (d > 0.8). The level of statistical significance 

was set as p < 0.05. To analyze the strength balance of the shoulder rotators, a functional 

ratio (eccER:conIR) was calculated according to the following equation (Bak & Magnusson, 

1997): eccER/conIR.  

Results 

Table 10 documents the maximal peak torque and ROM of the shoulder joint in 

swimmers who were asymptomatic with means and standard deviations. The concentric 

tests revealed a peak torque of 24.38 ± 10.38 and 25.13 ± 13.38 for external rotation and 

28.86 ± 17.36 and 33.73 ± 25.30 for internal rotation on the left and right respectively. The 

eccentric tests showed a peak torque of 28.86 ± 17.36 and 33.73 ± 25.30 for internal rotation 

and 53.22 ± 16.22 and 54.52 ± 20.01 for external rotation on the left and right respectively. 

There was no significant side to side difference between maximal peak torque from both 

concentric and eccentric tests.  

Table 11 shows the difference between concentric and eccentric contractions during 

internal and external shoulder rotation in swimmers with no shoulder pain. No statistically 

significant differences were found between concentric and eccentric contractions during 

internal rotation on both the right and the left side. In comparison to internal rotation peak 

torques, there was a significant difference between the external rotators peak torques during 
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concentric and eccentric contractions on both sides. The external rotators of the shoulder 

were significantly stronger when working eccentrically than concentrically (R: p= 0.01, ES= -

1.76; L: p=0.01, ES= -2.17). No significant difference in the functional eccER:conIR ratio 

between the left and right side was found (p= 0.70).  
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Table 10 
Maximal peak torque, range of motion, and functional ratio of the shoulder joint amongst swimmers without shoulder 
pain  

  

Variables Left 
 

Right 
   

 
Mean SD Mean SD p-value Effect Size 

PT con ER  24.38 10.38 25.13 13.38 0.65 -0.06 

PT con IR  28.86 17.36 33.73 25.30 0.31 -0.23 

PT ecc ER  53.22 16.22 54.52 20.01 0.71 -0.07 

PT ecc IR  45.68 13.16 43.79 14.39 0.47 0.14 

ROM ER  100.33 12.51 102.47 7.09 0.55 -0.22 

ROM IR   31.47 8.31 29.67 11.67 0.54 0.18 

EccER:conIR  1.55 0.97 1.37 0.89 0.70 - 

Note. Con - concentric; Ecc - eccentric; ER - external rotation; IR - internal rotation; PT - peak torque; ROM - range of motion; SD - 
standard deviation  
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Table 11 
The difference between maximal peak torque of the shoulder during concentric and eccentric contractions in swimmers without shoulder 
pain. 

Variables Concentric 
 

Eccentric 
   

 
Mean  SD Mean SD p-value Effect Size 

PT ER on L)  24.38 10.38 53.22 16.22 * 0.01 2.17 

PT ER on R)  25.13 13.38 54.52 20.01 * 0.01 1.76 

PT IR on L)  28.86 17.36 45.68 13.16 0 1.1 

PT IR on R)  33.73 25.3 43.79 14.39 0.21 0.51 

Note. ER - external rotation; IR - internal rotation; L) - left; PT - peak torque; R) - right; SD - standard deviation; * - statistical significance 
p ≤ 0.05 
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Table 12 summarizes the maximal peak torque and ROM of the shoulder joint in 

swimmers experiencing shoulder pain. An average peak torque for concentric external 

rotation was 26.30 ± 6.45 on the painful and 29.84 ± 6.57 on the non-painful side. For 

eccentric external rotation, the peak torque was 37.72 ± 7.57 and 47.89 ± 13.56 on the 

painful and non-painful side respectively. No statistically significant difference in external 

rotation strength was found between the painful and non-painful sides for both concentric 

and eccentric contractions. Similarly, the eccentric test of internal rotation revealed a peak 

torque of 49.55 ± 12.64 on the painful side and 55.47 ± 20.82 on the non-painful side. There 

was no significant difference in internal rotation strength during eccentric contractions 

despite the shoulder being painful or not. On the contrary, internal rotation during a 

concentric contraction showed a peak torque of 37.72 ± 7.57 and 47.89 ± 13.56 on the 

painful and non-painful side respectively. The asymptomatic side was significantly stronger 

than the painful side (p=0.05, ES=-0.96). Furthermore, there was no significant difference in 

shoulder ROM between the painful and non-painful shoulder during both internal and 

external rotation movements.  

Table 13 presents the difference between concentric and eccentric contractions 

during internal and external rotation in symptomatic swimmers.  Although there was no 

significant difference in internal and external rotation strength on the asymptomatic side 

regardless of them contracting concentrically or eccentrically, the external rotators on the 

painful side were significantly stronger when working eccentrically than concentrically (p= 

0.01, ES= -4.27).   No significant difference between concentric and eccentric contractions 

during internal rotation on the painful side was found. The functional eccER:conIR ratio was 

significantly greater in symptomatic shoulders than pain free shoulders (p= 0.04). 
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Table 12 
Maximal peak torque, range of motion, and functional ratio of the shoulder joint amongst swimmers with shoulder pain  

  

Variables Painful 
 

Non-Painful 
   

 
Mean SD Mean SD p-value Effect Size 

PT con ER  26.30 6.45 29.84 6.57 0.12 -0.54 

PT con IR  37.72 7.57 47.89 13.56 *0.05 -0.96 

PT ecc ER  56.00 7.47 52.14 7.60 0.29 0.51 

PT ecc IR  49.55 12.64 55.47 20.82 0.37 -0.35 

ROM ER  103.67 8.51 109.67 9.33 0.31 -0.67 

ROM IR   36.33 12.51 35.07 17.90 0.90 0.08 

EccER:ConIR  1.56 0.43 1.15 0.27 *0.04 -  

Note. Con - concentric; Ecc - eccentric; ER - external rotation; IR - internal rotation; PT - peak torque; ROM - range of motion; SD - standard 
deviation; * = statistical significance p ≤ 0.05 
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Table 13 
The difference between maximal peak torque of the shoulder during concentric and eccentric contractions in swimmers with shoulder pain.  

Variables Concentric 
 

Eccentric 
   

 
Mean SD Mean SD p-value Effect Size 

PT ER on painful 26.3 6.45 56 7.47 * 0.01 4.27 

PT ER on non-painful 29.84 6.57 52.14 7.6 0 3.15 

PT IR on painful  37.72 7.57 49.55 12.64 0.1 1.17 

PT IR on non-painful 47.89 13.56 55.47 20.82 0.17 0.44 

Note. ER - external rotation; IR - internal rotation; PT - peak torque; SD - standard deviation; * - statistical significance p ≤ 0.05 
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Discussion 

This study set out with two primary objectives of assessing i) maximal shoulder 

rotational strength using a Humac Norm isokinetic dynamometer and ii) maximal shoulder 

internal and external rotational ROM using an inclinometer in prone in swimmers with or 

without shoulder pain. To the best of our knowledge, this is the first study to evaluate the 

shoulder ROM of swimmers in prone. Also, there are only two prior studies (Bak & 

Magnusson, 1997; Drigny et al., 2020) that measure maximal concentric and eccentric 

strength in swimmers using isokinetic dynamometry. These studies did not use a Humac 

Norm isokinetic dynamometer, making this the first study to use this type of isokinetic 

dynamometer to evaluate the concentric and eccentric rotational strength of swimmers with 

shoulder pain. Another objective of this study was to compare the difference in maximal 

shoulder rotational strength (concentric versus eccentric) and ROM in symptomatic and pain 

free swimmers. Only one previous study (Bak & Magnusson, 1997) used isokinetic 

dynamometry to assess swimmers’ shoulder strength who were symptomatic. Further, only 

two previous studies (Bak & Magnusson, 1997; Drigny et al., 2020) used a functional ratio 

(eccER:conIR) to assess the muscle balance of a swimmer’s shoulder. This study is the 

second to use this ratio to analyze the muscle strength of a swimmer’s shoulder that is 

painful and comparing it to the non-painful side. The key findings showed that regardless of 

shoulder pain being present or not, swimmers were stronger during eccentric external 

rotation than concentrically. The internal rotation strength in asymptomatic swimmers had no 

significant difference between concentric and eccentric contractions or side to side. On the 

other hand, swimmers with painful shoulders had stronger concentric internal rotation on 

their asymptomatic side compared to their symptomatic side. Moreover, swimmers who had 

a painful shoulder had a significantly greater functional ratio (eccER:conIR) than swimmers 

who were pain free. Also, there was no significant difference in shoulder ROM whether 

shoulder pain was present or not. Overall, shoulder external rotation ROM was greater than 

internal rotation.  

Difference in Shoulder Strength 

Although this study found no significant difference between concentric internal and 

external rotation strength, the internal rotators were overall stronger than their antagonists. 

On the other hand, the external rotators of the shoulder were significantly stronger during an 

eccentric contraction than a concentric contraction (p=0.01). In overhead sports, the 

eccentric strength of the shoulder external rotators is important as this muscle group acts as 

a decelerator during overhead throwing by resisting shoulder internal rotation (Laudner, 

Stanek & Meister, 2006). Similarly, this finding highlights that shoulder external rotation is the 

least used motion in swimming and is primarily used in the non-propulsive phase hence they 
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are less likely to act concentrically (Manske et al., 2015). Thus, their main role during the 

propulsion phase is to work eccentrically to counteract the propulsive internal rotation in 

order to limit the anterior translation of the humeral head (Gaudet, Tremblay & Dal Maso, 

2018).  

Similar findings were observed in the swimmers experiencing shoulder pain, except 

for internal rotation during a concentric movement. The internal rotators of the painful 

shoulder were significantly weaker during a concentric movement than the asymptomatic  

side (p=0.05). Similar findings have been previously observed by Tate and colleagues (2012) 

in 12- to 14-year-old swimmers where a significant difference in concentric internal rotation 

strength between symptomatic and asymptomatic swimmers were measured (p=0.05). 

Furthermore, a review of the literature by Struyf and colleagues (2017) had similar findings 

where competitive swimmers were stronger during internal rotation than external rotation. 

However, it was unclear whether the reduced internal rotation strength on the painful side 

was due to pain inhibition or if the muscle imbalance was an attempt to remain pain free. 

Swimmers with symptomatic shoulders tend to have lower concentric and eccentric internal 

rotation strength (Bak & Magnusson, 1997); however, this study found only concentric 

internal rotation strength to be significantly weaker on the painful side. On the contrary, our 

results are partially supported by other studies investigating concentric shoulder strength 

and pain using isometric dynamometry in swimmers (Beach, Whitney & Dickoff-Hoffman, 

1992; Harrington, Meisel & Tate, 2014) where they found no difference in strength between 

swimmers who experience shoulder pain or not. Additionally, swimmers who experience pain 

in the shoulder tend to reduce their internal rotation by dropping their elbow during the 

recovery of freestyle to decrease the rotational demand on the shoulder and consequently 

reduce the shoulder pain (Pink & Tibone, 2000). If swimmers are doing this repetitively 

during their training, it could be a potential explanation for the reduced internal rotation 

strength.  

Until recently, the research investigating the muscle imbalance of the shoulder 

rotators and its association with injury in swimmers has primarily been based on 

conventional concentric ratios (Bak, 2010; Batalha et al., 2013; Bradley et al., 2016). 

However, as previously stated, the external rotators are less likely to work concentrically 

which is a finding of this current study where the external rotators were not as strong during 

concentric contractions compared to eccentric contractions. More current literature has 

found that the functional eccER:conIR ratio is more appropriate to assess the strength of the 

antagonist muscles contributing to the dynamic stability of the shoulder joint; however, this 

ratio has predominantly been studied in other overhead sports. Although the literature review 

(Chapter 2) acknowledges the study by Drigny and colleagues (2020) where they 

investigated the functional strength ratio of the shoulder internal and external rotators in 
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swimmers, it was challenging to compare their findings to our findings. The main reason 

being that our study was a retrospective study investigating the functional ratio in swimmers 

who were both symptomatic and asymptomatic. On the contrary, Drigny and colleagues’ 

(2020) study design is prospective hence their recommendation of a value below 0.68 

indicates an increased risk of injury was opposite to the recommendation by Andrade and 

colleagues (2013) and Guney and colleagues (2016) where a ratio above 1.0 is indicative of 

a risk of shoulder pain. Also, the participants in the Drigny and colleagues’ (2020) study were 

all asymptomatic swimmers.  The findings of our study showed a similar pattern to Bak and 

Magnusson (1997) where the ratio for the painful shoulder was significantly greater than the 

asymptomatic shoulder. Further research is required to validate the ratio 1.0 as a reference 

value for swimmers as the studies (Andrade et al., 2013; Guney et al., 2016) investigating 

this reference value did not include swimmers.  

Difference in Shoulder Range of Motion 

Another finding of the current study was that there was no difference in shoulder 

rotational ROM regardless of whether pain was present or not. This finding is consistent with 

that of Bak and Magnusson (1997) and Harrington and colleagues (2014) where they also 

found no significant difference in rotational ROM side to side despite having a symptomatic 

shoulder or not. On the contrary, a prospective cohort study by Walker and colleagues 

(2012) assessing active shoulder internal and external rotation ROM found a significant 

association between external rotation and significant interfering pain (p=0.015). They 

identified an increased risk of injury in swimmers with shoulder external rotation ROM <93° 

or ≥ 100° (Walker et al., 2012). Additionally, when assessing ROM in male and female 

swimmers, a prospective study by Mise and colleagues (2022) found that external rotation 

on the right was significantly lower in males who had shoulder pain (p=0.02); however, there 

was no significant difference found in the female group (p=0.84).   

Limitations and Future Research  

The results from this study must be interpreted with caution because of the limitations 

that it presents. Firstly, the number of participants in the current study was limited, and 

further studies are needed to confirm the results with larger samples. Secondly, this study is 

one of the few studies to investigate the functional ratio of the shoulder rotators in athletes 

that participate in overhead sport. Although there are two prior studies investigating the 

functional ratio of the shoulder rotators in swimmers (Bak & Magnusson, 1997; Drigny et al., 

2020), this study is the second to use the functional ratio to evaluate the shoulder rotator 

strength in symptomatic swimmers. Drigny and colleagues (2020) conducted a prospective 

study investigating the functional ratio of asymptomatic swimmers.  
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Therefore, comparing our findings to any reference value needs to be interpreted 

with caution. Further studies are required to validate the reference value for the functional 

ratio to indicate a risk of injury in swimmers whether shoulder pain is present or not.    

As previously stated, this is the first study to assess and compare maximal shoulder 

rotational strength using a Humac Norm isokinetic dynamometer in swimmers with shoulder 

pain or not. Also, it is the first to measure shoulder rotational ROM in prone in this population 

group. Future research needs to confirm and validate the findings of this study.  

Conclusion 

The aim of this study was to determine whether there is a difference in maximal 

strength and range of motion amongst symptomatic and asymptomatic swimmers. The 

results of this study showed that the external rotators of a swimmer’s shoulder, regardless of 

it being symptomatic or not, were stronger during eccentric contractions than when the 

muscles were working concentrically. Further, asymptomatic swimmers had no significant 

difference in internal rotation strength regardless of contraction type (concentric vs. 

eccentric) or side to side. However, swimmers who did experience shoulder pain were 

significantly stronger during internal rotation on the unaffected side when working 

concentrically. Lastly, there was no significant difference in any shoulder ROM despite 

having shoulder pain or not. In spite of the current study’s limitations of a small sample size 

and comparing to a reference value that has yet to be validated in the swimming population, 

the study certainly adds to our understanding of potential factors that can be contributing to 

shoulder pain in swimmers. Additional studies need to be done to firstly validate the findings 

of this current study and also to further investigate functional ratios and their role in 

identifying, managing, and preventing shoulder pain in swimmers moving forward.   
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CHAPTER 5: Discussion, Practical Implications and Conclusions 

Discussion 

 Shoulder pain is the most common musculoskeletal complaint accounting for the 

most time-loss to injury. Research has shown that muscle imbalances around the shoulder 

joint are common characteristics that may contribute to the shoulder pain that swimmers 

experience (Feijen et al., 2021; Schlueter et al., 2021). Moderate quality evidence exists 

supporting the association between shoulder internal and external rotation strength and 

endurance (Bak et al., 1997; Beach et al., 1992). On the contrary, there are conflicting 

findings in the ROM research. Some studies found a significant difference in the shoulder 

ROM in symptomatic swimmers (Tate et al., 2012; Walker et al., 2012; Mise et al., 2022); 

however, other studies found no significant difference in ROM (Beach et al., 1992; Bak et al., 

1997; Harrington et al., 2014; Holt et al., 2017).  

Shoulder Strength in Swimmers  

 In reviewing the literature, varied evidence was found on the differences between 

shoulder strength in symptomatic and asymptomatic swimmers. Furthermore, there is limited 

evidence using an isokinetic dynamometer to measure maximal shoulder strength in 

swimmers. Most of the studies used handheld dynamometers (Boettcher et al., 2020; 

Harrington et al., 2014; McLaine et al., 2018; Tate et al., 2012). Only two previous studies 

used isokinetic dynamometry in the swimming population (Bak & Magnusson, 1997; Drigny 

et al., 2020) of which one study compared swimmers with a painful shoulder to those without 

pain (Bak & Magnusson, 1997). Until recently, research exploring the rotational muscle 

imbalances and its relationship with shoulder pain has primarily been based on conventional 

ratios (concentric:concentric or eccentric:eccentric) (Bak, 2010; Batalha et al., 2013; Bradley 

et al., 2016). Yet, more current research has commented that measuring the agonist when it 

contracts concentrically whilst the antagonist acts eccentrically to be more appropriate 

(Drigny et al., 2020). This is due to the antagonist (external rotators) working eccentrically 

during propulsion to help decelerate the humeral head to prevent it from translating anteriorly 

(Andrade et al., 2013; Drigny et al., 2020; Guney et al., 2016). Even though there is 

substantial literature investigating concentric and eccentric muscle strength of the shoulder 

rotators in other sports, there is very limited research done in the swimming population. 

Having a clearer understanding of both the concentric and eccentric muscle strength in 

swimmers could add value to adequate and effective prevention and management programs 

whether they have shoulder pain or not. Hence, the importance of using an isokinetic 

dynamometer to determine the strength profile of swimmers rather than handheld 

dynamometers. Handheld dynamometers can only measure isometric strength while the use 

of an isokinetic dynamometer can allow us to measure both concentric and eccentric 
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strength of the shoulder rotators. To the best of our knowledge, the study conducted in this 

thesis is the first to use the Humac Norm isokinetic dynamometer to assess shoulder internal 

and external rotation strength in swimmers who experience shoulder pain or not and it is the 

second study to evaluate the functional ratios of shoulder rotational strength in symptomatic 

swimmers. Thus, the goal of this thesis was to add value and provide further insight into the 

assessment of swimmers’ shoulders and to determine whether the presence of pain can 

influence the assessment findings. This thesis also aimed to explore a more sport-specific 

assessment that health professionals working with swimmers could implement. 

Consequently, health professionals could provide coaches, athletes, and trainers with sport-

specific advice.  

Even though the absolute strength measures for the asymptomatic group showed no 

significant side to side difference in concentric or eccentric shoulder strength despite hand 

dominance, the external rotators were significantly stronger during an eccentric contraction 

than a concentric contraction. As previously mentioned, the external rotators contract 

eccentrically during the propulsive phase in swimming to help reduce the anterior translation 

of the humeral head decreasing the risk of anterior shoulder impingement (Drigny et al., 

2020). When comparing the shoulder strength in the symptomatic group, the swimmers who 

experienced shoulder pain had significantly weaker internal rotators when working 

concentrically than the pain free shoulder. This finding is supported by other studies where 

weaker internal rotators in swimmers with a painful shoulder was reported (Bak and 

Magnusson, 1997; Tate et al., 2012). Yet other studies found contradicting evidence where 

no significant difference in strength between swimmers who have pain or not was found 

(Beach, Whitney & Dickoff-Hoffman, 1992; Harrington, Meisel & Tate, 2014). This difference 

in internal rotation strength could be due to swimmers adjusting their stroke to limit the pain 

they experience by dropping their elbows during the recovery phase of freestyle to minimize 

the internal rotation demand on the shoulder (Pink & Tibone, 2000). If the swimmers are 

doing this regularly during training, it could be a possible explanation for the reduced internal 

rotation strength on the painful side.  

The work by Pink and colleagues (1991) shows how the internal rotators of the 

shoulder work concentrically to produce the strong propulsive forces to move the body 

forward in the water. Even though the external rotators work simultaneously, they contract 

eccentrically to counteract the internal rotators preventing the anterior translation of the 

humeral head (Pink et al., 1991). This highlights the importance of using a functional ratio 

(eccER:conIR) to explore muscle imbalances of the shoulder joint in swimmers, rather than 

conventional concentric and eccentric ratios (ER:IR). Though there is a significant amount of 

research using this functional ratio in other overhead sports such as softball and baseball, 

there are only two prior studies using this ratio in the swimming community (Bak & 
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Magnusson, 1997; Drigny et al, 2020). When comparing this thesis’ findings to these studies, 

our findings showed greater ratios than those reported by Bak and Magnusson (1997) and 

Drigny and colleagues (2020). However, the functional ratio of swimmers with painful 

shoulders were significantly greater than the asymptomatic side which was similar to that 

found by Bak and Magnusson (1997). This difference in ratios, particularly when compared 

to the study by Drigny and colleagues (2020), could be due to our study including swimmers 

who are symptomatic whereas Drigny and colleagues (2020) had only asymptomatic 

subjects. Also, the majority of the participants in our study were New Zealand representative 

swimmers, whereas the studies by Bak and Magnusson (1997) and Drigny and colleagues 

(2020) did not include national level athletes. 

The findings of this thesis and other research reflect the need to alter the way in 

which health professionals and researchers assess and interpret shoulder strength in 

swimmers. This thesis suggests that moving away from using absolute strength measures 

and conventional ratios and using the functional ratio more frequently to be of better value 

and more appropriate especially seeing the way the shoulder rotational muscles interact. 

The study included in this thesis is the second to use the functional ratio to assess the 

rotational muscle imbalances of the shoulder in swimmers with shoulder pain or not, more 

research is needed to further validate the ratio in the swimming population and also validate 

our findings.  

Reliability of the Humac Norm Isokinetic Dynamometer and Inclinometer  

Another objective of this thesis was to investigate the inter- and intra-session 

reliability of the Humac Norm isokinetic dynamometer and the inclinometer to assess 

shoulder strength and ROM in swimmers. The Humac Norm isokinetic dynamometer has not 

previously been used to measure shoulder rotational strength and neither has an 

inclinometer been used in a prone position to assess rotational ROM in the swimming 

population. Therefore, secondary to assessing the difference in shoulder strength and ROM 

in swimmers, this thesis aimed to assess the reliability of the objective measures that were 

used.  

Despite reliability studies showing good ICC values for using an isokinetic 

dynamometer to measure maximal strength of the shoulder accurately and reliably, higher 

SEM values have been reported for between sessions indicating that measurements being 

recorded are less precise. Though, the SEM values recorded for within a session were 

adequate. This indicated the need for at least one familiarization session. It can be 

concluded that isokinetic dynamometers are appropriate tools to objectively measure the 

concentric and eccentric strength of a swimmer’s shoulder. Furthermore, the use of an 

inclinometer has been found to have good to excellent intra- and inter-rater reliability; 
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however, the reliability of the inclinometer to measure ROM in prone has yet to be 

determined in the previous literature.  

For the Humac Norm isokinetic dynamometer, the findings showed good to excellent 

inter-session reliability; however, the CV values were unacceptable. Although other studies 

did not use CV values, the researcher was still able to compare SEM values. Previous 

research found adequate SEM values indicating acceptable reliability for isokinetic 

dynamometry to measure shoulder strength (Mandalisdis et al., 2001; Plotnikoff et al., 2002; 

Van Meeteren et al., 2002; Dauty et al., 2003; Edouard et al., 2013; Collado-Mateo et al., 

2018; Habets et al., 2018). On the contrary, although this thesis reported good to excellent 

inter-session reliability, the SEM values were relatively high. Nonetheless, values reported 

for intra-session reliability were notably more reliable. The Humac Norm isokinetic 

dynamometer had excellent intra-session reliability with acceptable CV and SEM values. 

The higher values reported for intra-session reliability compared with the inter-session 

reliability can indicate that a familiarization session is important especially for eccentric 

testing protocols.  

Additionally, this thesis found moderate to excellent inter- and intra-session reliability 

for the inclinometer to assess shoulder internal and external rotation ROM in prone. These 

findings were similar to those reported by Furness and colleagues (2015) and Walker and 

colleagues (2016). It is important to note that the study in this thesis used both symptomatic 

and asymptomatic swimmers and also measured ROM in prone, whereas the previous 

studies used asymptomatic participants and ROM was assessed in supine. 

As previously stated, this thesis is the first to use both the Humac Norm isokinetic 

dynamometer and inclinometer to measure shoulder strength and ROM in prone in 

swimmers who have shoulder pain or not. Therefore, further research is needed to confirm 

and validate the findings of this study. Further research on these objective measures can 

add value to the shoulder assessment of swimmers. Firstly, testing ROM in prone is very 

specific to swimming and may be a more accurate way to measure shoulder ROM than in 

supine. Secondly, the Humac Norm isokinetic dynamometer assesses both concentric and 

eccentric shoulder muscle strength which is, as mentioned before, important for evaluating 

the muscle imbalances of the shoulder in swimmers. Hence, additional studies are essential 

to further support the use of the Humac Norm isokinetic dynamometer to measure shoulder 

strength in swimmers.  

Shoulder ROM in Swimmers  

Most of the research investigating shoulder ROM in swimmers was done in the 

supine position or standing. Yet, it has been suggested that using a prone position to assess 

or screen a swimmer’s shoulder may be more appropriate (Furness et al., 2015). This makes 

sense as swimmers spend the majority of their training time in a prone position so testing in 
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prone may be more accurate and specific. To the best of our knowledge, the study included 

in this thesis is the first to evaluate shoulder rotational ROM using an inclinometer in prone. 

As a result, this thesis sought to measure shoulder rotational ROM in swimmers using an 

inclinometer in prone and to hopefully be the instigator for using this method and position of 

assessment for swimmers in future research.  

This thesis did not find any significant differences in shoulder rotational ROM in 

swimmers regardless of shoulder pain being present or not which supports the results of Bak 

and Magnusson (1997) and Harrington and colleagues (2014). These findings are unlike 

other studies, where external rotation ROM was found to be significantly associated with 

interfering shoulder pain (Walker et al., 2012), and significantly lower in males with shoulder 

pain (Mise et al., 2022). It is important to acknowledge that the findings of this thesis have 

been compared to studies measuring ROM in the supine position. When measuring external 

rotation ROM in supine gravity provides some assistance unlike when measuring it in prone. 

As this is the first study to measure ROM using an inclinometer in prone amongst swimmers, 

further research is needed to validate the findings of this thesis. 

In conclusion, there were no significant differences in shoulder internal and external 

rotational ROM regardless of pain being present or not. Additionally, this thesis found that 

the internal rotators of the painful shoulder were significantly weaker than the internal 

rotators of the non-painful shoulder. Furthermore, the external rotators of the painful 

shoulder were significantly stronger during an eccentric contraction. Similarly, the external 

rotators of swimmers who were pain free were also significantly stronger during an eccentric 

movement. Finally, the functional ratio was significantly greater for the painful shoulder. 

Future research should continue to explore the functional ratio (eccER:conIR) to determine 

the shoulder strength profile of swimmers as well as measuring shoulder ROM in prone as 

both these measures are swimming-specific. These measures can provide a clearer and 

more accurate picture of a swimmer’s shoulder. As the majority of propulsion during 

swimming is generated by the upper body, a better understanding of the functional ratio in 

swimmers has the potential to enhance the athlete’s performance if the shoulder muscle 

balance is correct.  

Limitations  

Although this thesis aimed to provide some useful insight into differences in shoulder 

rotational strength and ROM in swimmers with and without shoulder pain, a few limitations 

need to be acknowledged. The sample size of participants was relatively small which can 

increase the risk of bias. There is also a lack of generalizability of the research as there is 

limited heterogeneity. Participants were all national level athletes who have been swimming 

for over 10 years. Even though swimming is considered an overhead sport, it is challenging 
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to compare it to other overhead sports as a swimmer’s position is different. In most overhead 

sports the athlete is in an upright position whereas swimmers are horizontal in water when 

producing propulsive forces. Additionally, the participants displayed various learning abilities 

to the eccentric testing protocols. A potential consequence of this variability in learning 

abilities is the variation in the study outcomes. This was evident in the reliability study where 

the intra-session reliability was greater than the inter-session reliability for the isokinetic 

dynamometer. The difference in inter- and intra-session reliability highlights the need for 

familiarization sessions as the eccentric movement is unique and not commonly used in 

isolation in daily life. The higher intra-session reliability indicates that when participants did 

the eccentric motion repetitively, their ability to perform the test was better as there was less 

variability in the strength outcomes.   

Taking these limitations into consideration, it is recommended that future research 

include a larger sample size to improve the generalizability and reliability of the research 

findings. Also, ensuring that sufficient familiarization has occurred will enhance the 

participant’s ability to perform the unique backward eccentric movement. Adopting these 

approaches would facilitate more robust and generalizable findings.  

Practical Recommendations 

• It is suggested that assessing a swimmer’s shoulder ROM, particularly internal and 

external rotation, in prone is more appropriate. This testing position is very specific to 

swimming as most of the time in the pool is spent in prone and not to mention that 

three out of the four strokes are performed in this position. The assessment of ROM 

in prone could give health professionals working with swimmers a more accurate and 

reliable evaluation of how the shoulder moves.  

• The implementation of a functional ratio of eccER:conIR in conjunction with 

traditional measures can provide a more complete picture of a swimmer’s shoulder 

health. This could potentially assist health professionals, coaches, and trainers in 

exercise prescription for their athletes.  

Overall Conclusion 

This thesis evaluated the differences in shoulder strength and ROM in swimmers 

who have shoulder pain or not. Additionally, it aimed to determine the reliability of the Humac 

Norm isokinetic dynamometer and the inclinometer in prone to assess a swimmer’s shoulder 

strength and ROM. Although there was no significant difference in internal and external 

rotation strength in the asymptomatic group, there was a significant difference in concentric 

internal rotation strength in the symptomatic group. The concentric internal rotation strength 

of swimmers with shoulder pain was significantly lower than the pain free shoulder. 
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Additionally, external rotators were significantly stronger when contracting eccentrically. 

These findings highlight the roles of the rotational muscle groups during swimmer where the 

internal rotators work concentrically to generate enough force to propel the body forwards in 

the water. While the external rotators work eccentrically to limit the anterior translation of the 

humeral head reducing the risk of anterior shoulder impingement. Also, the painful shoulder 

of a swimmer had significantly greater functional ratio than the pain free side. No difference 

in shoulder rotational ROM was found despite pain being present or not. Furthermore, 

moderate to excellent inter-and intra-session reliability of the Humac Norm to assess 

shoulder strength and the inclinometer to measure shoulder ROM in prone amongst 

symptomatic and asymptomatic swimmers was found. Despite the significant findings of the 

study, the limitations of a small sample size and a single familiarization session could have 

affected the generalizability and proficiency of the findings. Future studies should address 

these limitations for more robust results. Also, this thesis is the second study to evaluate a 

swimmer’s shoulder strength using the functional ratio and the first to measure shoulder 

ROM in prone in swimmers. Thus, further research is required to validate the findings of our 

research.  
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Appendix 7: The JBI Levels of Evidence for Effectiveness 

LEVELS OF EVIDENCE FOR EFFECTIVENESS 

Level 1 – Experimental Designs 

Level 1.a – Systematic review of Randomized Controlled Trials (RCTs)  

Level 1.b – Systematic review of RCTs and other study designs 

Level 1.c – RCT 

Level 1.d – Pseudo-RCTs 

Level 2 – Quasi-experimental Designs 

Level 2.a – Systematic review of quasi-experimental studies 

Level 2.b – Systematic review of quasi-experimental and other lower study designs 

Level 2.c – Quasi-experimental prospectively controlled study 

Level 2.d – Pre-test – post-test or historic/retrospective control group study 

Level 3 – Observational – Analytic Designs 

Level 3.a – Systematic review of comparable cohort studies 

Level 3.b – Systematic review of comparable cohort and other lower study designs  

Level 3.c – Cohort study with control group 

Level 3.d – Case – controlled study 

Level 3.e – Observational study without a control group 

Level 4 – Observational –Descriptive Studies  

Level 4.a – Systematic review of descriptive studies  

Level 4.b – Cross-sectional study 

Level 4.c – Case series 

Level 4.d – Case study 

Level 5 – Expert Opinion and Bench Research  

Level 5.a – Systematic review of expert opinion 

Level 5.b – Expert consensus 

Level 5.c – Bench research/ single expert opinion 
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Appendix 8: Individual scoring of the QAREL Checklist 

A summary of the critical appraising scoring of the reliability studies included in this review using the Quality Appraisal f or Reliability Studies 

(QAREL) checklist  

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q1
0 

Q11 

Mandalidis 
et al., 

(2001) 

Yes Yes N/A – one 
examiner 

No N/A No No No – The order 
of limb 

dominance 
and IR/ER 
actions were 

randomised in 
the first 
session but 

were tested in 
the same 
order for the 

second 
session.  

Yes Yes Yes 

Awan et 

al., (2002) 

Yes Yes No – one 

examiner 
measured 
and 

recorded 
the ROM 

Yes N/A  No No Yes  Yes Yes Yes 

Plotnikoff 

et al., 
(2002) 

Yes Yes N/A – one 

examiner 

Unclear – 

blinding not 
stated 

N/A No No No – same 

protocol of 
testing was 
followed on 

subsequent 
test sessions 

Yes Yes Yes 

Van 

Meeteren 
et al., 
(2002) 

Yes – no 

recruitment 
process 
mentioned 

Unclear – 

only states 
“examiners” 

Unclear – 

blinding not 
stated. 

Unclear – 

blinding not 
stated. 

N/A No No Yes Yes Yes Yes 

Dauty et 
al., (2003) 

Yes Yes N/A – one 
examiner 

No N/A No No Yes Yes Yes Yes 

Kolber et 

al., (2012) 

 Yes Yes Yes Yes - A trained 

assistant 

N/A Unclear Unclear No – No 

randomisation 

Yes Yes Yes 
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recorded all 
measurements 

from the digital 
inclinometer 
to ensure the 

investigators 
performing the 
measurements 

were blinded 
to the findings. 

of 
measurements 

as the authors 
wanted a 
consistent 

physiological 
status for 
participants.  

Edouard 

et al., 
(2013) 

Yes  Unclear – 

only states 
“examiner”.  

N/A – one 

examiner 
only  

Unclear   N/A No Unclear  No - The two 

shoulders 
were tested in 
random order 

for the first 
session; this 
order was the 

same for the 
second 
session. 

Yes  Yes  Yes  

Cools et 
al., (2014) 

Yes  Unclear – 
only sex, 
height, and 

weight 
were 
provided.  

No – first 
examiner 
recorded 

the second 
examiner’s 
findings 

and vice 
versa.   

Yes – second 
assessor 
recorded the 

findings of the 
first assessor 
and vice 

versa.  

N/A  No  Unclear  Yes  No – 10 
seconds 
between 

trials  

Yes  Yes  

Furness et 

al., (2015) 

Yes  Yes No – one 

examiner 
recorded 
the findings 

of the other   

Yes  N/A  No – no 

blinding to 
clinical 
information 

noted.  

Unclear  No  Yes  Yes Yes  

Walker et 
al., (2016) 

Yes  Yes  Yes -
examiners 

were 
blinded to 
all test 

results  

Yes -
examiners 

were blinded 
to all test 
results 

N/A No Unclear  No – shoulder 
ROM test 

order was 
standardised. 
Only 

swimmers 

Yes  Yes  Yes  
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were 
randomised to 

an examiner.  
Collado-
Mateo et 

al., (2018) 

Yes Unclear – 
only states 

“raters” 

Unclear – 
blinding not 

stated 

Unclear – 
blinding not 

stated 

N/A Unclear Unclear Unclear – not 
stated  

Unclear 
– period

between
tests not
stated

only that
same
test was

performe
d three
times on

the
same
day.

Yes Yes 

Habets et 
al., (2018) 

Yes Yes Unclear Unclear N/A  Unclear – 
no clinical 
information 

provided  

Unclear Yes Yes Yes Yes 

Note. ER – external rotation; IR – internal rotation; N/A – not applicable; ROM – range of motion 



94 
 

Appendix 9: Individual Scoring of JBI Checklist for Cohort Studies 

A summary of the critical appraisal scoring of the cohort studies included in this review using the Joanna Briggs Institute Critical Appraisal Checklist  

Study  Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q1
1 

Level of 
Evidence for 

Effectiveness  

Beach et 
al., (1992) 

NA – one 
group of 
Division I 

collegiate 
and club 
swimmers  

NA   Yes – study 
stated 
intratester 

reliability for 
shoulder 
flexibility 

measurements
. 

Yes  Yes – Multiple 
regression analysis  

NA  Yes  NA  NA  NA  Yes  3.e 

Bak et al., 

(1997) 

Yes – 

Danish 
National 
team  

Yes  Yes – 

isokinetic 
dynamometer 
and HHD  

Yes – sex, age, 

experience, 
training amount, 
strength training  

No NA  Yes  NA NA  NA  Yes  3.c  

Walker et 
al., (2012) 

NA – one 
group of 
swimmers 

from five 
competitive 
swimming 

clubs in 
Melbourne. 

NA  Yes – table 
stating the 
reliability of 

shoulder tests 
used. 

Yes – one table 
with variables 
examined for 

association with 
shoulder injury 
and a table listing 

participant 
characteristics.  

Yes – preliminary 
bivariate logistic 
regression 

analyses; backward 
stepwise binary 
logistic regression  

NA  Yes  Yes  Yes  Yes  Yes  3.e 

Holt et al., 

(2017) 

NA – one 

group of 
Australian 
swimmers 

from the 
national 
team and 

Institute of 
Sport  

NA  Yes – inter-

rater reliability 
was assessed.  

Yes – age, sex, 

dominance, 
swimming event, 
training load, and 

shoulder pain 
status  

Yes – independent 

predictors of pain 
were examined 
using multiple 

regression models  

NA Yes  NA  NA  NA Yes  3.e 

Boettcher 

et al., 
(2019) 

NA – one 

group of 
elite 
swimmers  

NA  Yes – The 

testing 
procedure 
demonstrated 

Yes – age, sex, 

height, weight, 
hand dominance, 
swimming event, 

Yes – Mixed model 

analyses were used 
to evaluate 
difference in 

NA Yes  NA  NA  NA  Yes  3.e 
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good to 
excellent 

intertester 
reliability. 

training load, and 
pain status.  

strength normalised 
to body weight and 

using fixed factors 
(dominance, sex, 
and pain status).  

Drigny et 
al., (2020) 

NA – one 
group of 
adolescent 

swimmers 
from a 
national-

level 

NA Yes – Con-
Trex isokinetic 
dynamometer  

Yes – age, sex, 
body weight, 
height, BMI, 

dominance, 
experience, front-
crawl specialist, 

stroke, distance, 
shoulder injury 
history  

Yes – regression 
analysis using an 
F-test and r-

squared statistic.  

NA Yes  Yes – 
38 
weeks 

Yes – 1x 
ACL injury, 
2x pursued 

careers 
overseas 
and 2x did 

not wish to 
continue 
with follow 

up. 

No Yes 3.e

Tate et 
al., (2020) 

NA – one 
group of 

collegiate 
swimmers 
from a 

division II 
university 

NA Yes – test-
retest reliability 

was assessed. 

Yes – table with 
participants 

demographics  

No NA Yes NA NA NA Yes 3.e

Mise et 

al., (2022) 

NA – one 

group of 
swimmer 
belonging 

to the same 
swimming 
club in 

Japan 

NA Yes – The 

examiners 
calculated the 
intraclass 

correlation 
coefficient and 
verified the 

intra-examiner 
reliability of 
each 

measurement  

Yes – experience, 

training load 
(distance and 
session)  

Yes – a backward 

stepwise binary 
logistic regression 
was used to 

examine the 
relationship 
between dependent 

and independent 
variables.  

NA Yes  Yes No No Yes 3.e

Note. ACL – anterior cruciate ligament; BMI – body mass index; NA – not applicable 
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Appendix 10: Individual Scoring of JBI Checklist for Cross Sectional Studies 

A summary of the critical appraisal scoring of the cross-sectional studies included in this review using the Joanna Briggs 

Institute Critical Appraisal Checklist  

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Level of 

Evidence for 
Effectiveness 

Tate et al., 
(2012) 

No Yes – multicentre 
study across 
youth, high 

school, and US 
Masters swim 
teams in 

Philadelphia and 
Pennsylvania 
areas.  

No Yes – Penn 
Shoulder 
Score and 

Disabilities of 
the Arm, 
Shoulder, and 

Hand outcome 
measure  

Yes – table 
with 
participant 

demographics 
and another 
table with 

swimming 
exposure  

Yes Yes – 
inclinometer, 
HHD, scapular 

dyskinesis test, 
side bridge test, 
PALM palpation 

meter  

Yes 4.b

Harrington 
et al., 

(2014) 

Yes Yes Yes – previous 
intratester 

reliability stated 

Yes – Sports 
and Symptom 

Survey Form  

Yes – table of 
participants 

demographics 

No Yes – reliability 
and validity 

stated for each 
measure.  

No 4.b

McLaine et 
at., (2018) 

Yes Yes – testing 
performed 

poolside, 
participants 
demographics 

described, 
recruitment 
process stated 

Yes – HHD and 
positioning is 

standardised   

Yes – 
questionnaire 

was completed 
that included 
questions on 

hand 
dominance, 
previous 

shoulder injury 
or pain, swim 
performance, 

training 
history. 

Yes – 
included in 

the results 
tables 

Yes Yes – HHD Yes 4.b

Note. HHD – handheld dynamometer; PALM – palpation meter 
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Appendix 11: A picture of the shoulder ROM assessment set up. 
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Appendix 12: Swimmer Functional Pain Scale (SFPS) 




