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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:conlR) 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:conlIR) 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:conlIR) 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.



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.



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



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 maijority 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



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 analy sed.

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.



Chapter 1: Introduction - Background and Rationale

Chapter2: ShoulderStrength and Range of Motion amongst Swimmers and its Effects on Shoulder Pain: A
Review of the Literature

( \

Chapter 3: The Reliability of the Isokinetic Dynamometer and Inclinometer to Assess the ShoulderJoint of
Swimmers

Chapter4: ShoulderStrength and Range of Motion Amongst Swimmers with or without Shoulder Pain: A
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Appendices

Figure 1. A Schematic of the Flow of Chapters in this Thesis



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



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



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;
i) 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.

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

*4 articles were excluded as they were not peer-reviewed.

24 articles were excluded due to duplication.

30 excluded after the titles, abstracts, and full texts were
reviewed.

€E€C€E€CK

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.



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).

$§(t))||56t(1) 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

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

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

JBI ‘yes”; “no”; “unclear”; “not JBI Levels of Evidence (see
applicable” appendix 7)

QAREL ‘yes”; “no”; “unclear”; “not QAREL score out of 11
applicable”

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

¢ |sokinetic dynamometer Inclinometer

e Hand-held dynamometer Digital levels
Goniometer

Ultrasound
Photography and digital
programmes

21. 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 & MaclIntyre, 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



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

13

Study Participants Measures Findings Quality of the
Study
ICC SEM QAREL Score
Mandalidis et al., (2001) 31 male students AKin Com I The ICC values ranged  The SEM values 5/11
dynamometer was used  between 0.76-0.93. varied between
to assess concentric and Concentric data for both  3.9Nm to
eccentric movements of  internal and external 12.4Nm. The
bilateral shoulder IR and  rotation of the shoulder  LOA values
ER. The angular velocity =~ were more reliable (ICC ranged between
speeds were set at 60°/s 2 0.80) than eccentric 4.0Nm and
and 120°/s. The armwas data (ICC = 0.76). 13.3Nm. Both
at 45° abduction and 30° SEM and LOA
horizontal adduction. 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.



Plotnikoff et al., (2002)

Van Meeteren et al.,
(2002)

Dauty et al., (2003)

14 participants between
the ages of 27 and 35
years.

20 healthy men and
women varying ages
without pain.

14 healthy males and
females aged between
40 and 55 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.

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.

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.

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

The ICC ranged from
0.69 to 0.92.

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.

The SEM values 5/11
varied between

2.44 and 3.73 for

the internal

rotation and 1.72

to 2.55 for the

external rotation.

The SEM 5/11
percentage
ranged from 7%
to 14%. The
SEM percentage
was smaller for
the men than the
women.

For the external 6/11
rotators, the
peak torque
SEM values
varied from
3.3Nm to 6.3Nm;
the total work
SEM values
ranged from
ONm to 13Nm;
and the average
power SEM
values varied
between 5.2Nm
and 13Nm.

The internal
rotators, the
peak torque

14



Edouard et al., (2013)

Collado-Mateo et al.,
(2018)

46 healthy participants

35 competitive
swimmers age between
13 and 19 years.

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.

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.

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).

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

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.

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.

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:

4/11

311
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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.

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.

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.

16

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%).

The SEM 6/11
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.
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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., 56 unimpaired high  Shoulder IR was The ICC values for intra-rater reliability  Not reported.
(2002) school athletes measured using a varied between 0.58 to 0.71.
were assessed. digital inclinometer in 3  For the inter-rater reliability the ICC
different techniques —  values ranged between 0.41 and 0.66.
standard, manual
scapular stabilisation
and visual.
Kolber et al., 30 asymptomatic Active shoulder ROM  The ICC values for intra-rater reliability The SEM value for the intra-rater
(2012) adults (12 males was measured using ranged between 0.83 and 0.94. reliability ranged between 1.64° to
and 18 females) an Acumar digital The ICC values for the inter-rater 4.27°.
were assessed. inclinometer. reliability ranged between 0.58 to 0.95.  For the inter-rater reliability the values
varied between 1.63° and 3.98°.
Cools et al., 30 asymptomatic Shoulder ROM was The ICC values for intra-rater reliability The SEM was used to calculate the
(2014) adults (15 women  measured using two ranged between 0.85 to 0.99 in the MDC. The MDC varied from 4.02° to

Furness et al.,
(2015)

Walker et al.,
(2016)

and
15 men) were
assessed.

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

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

instruments — a plastic
Baseline goniometer
and an Acumar Digital
inclinometer.

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

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

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

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.

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.

7.48° in the different testing positions
and using the different instruments.

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.

For the inter-rater reliability the SEM
value ranged between 2° and 5°. The
MDC ranged between 5° and 12°.




20

minimum of 5 For intra-rater reliability, the ICC For the intra-rater reliability, the SEM
weekly swimming values for all the shoulder ROM value and MDC was the same as the
sessions. measures ranged between 0.85 and inter-rater findings.

0.96.

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.

Intensity \

Sex
Age
Non-Modifiable Competitve Level

Modifiable

Training Load

Shoulder Pain

Physiology

ROM
Strength
Scapular Kinesis
Joint Sense Positioning

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 ecclR:eccER and functional eccER:conlIR ratios less than 0.68 were indicative
of a significant injury risk (p< 0.05).
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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 etal., 15 swimmers fromthe IR and ER isokinetic strength was There was lower concentric (p = 0.06) and 3.c
(1997) Danish National team  assessed using the KinCom eccentric (p = 0.07) IR strength in the painful
between the ages of dynamometer. shoulder in comparison to the pain-free
15 and 25 years with ~ Shoulder flexion and abduction shoulder. Also, the functional eccER:conlR
and without shoulder ~ strength was measured using an strength ratio was greater on the painful
pain HHD. 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.
Tate etal., 236 competitive Core endurance - side bridge test, Between ages 8 and 11 there was only a 4.b
(2012) female swimmers prone bridge test, and closed kinetic significant difference in middle trapezius
aged 8-77 years with  upper extremity stability test strength between those swimmers with and
and without shoulder =~ PROM - inclinometer without pain (p= 0.05). Between ages 12 and
pain Muscle force production of IR, ER, 14 there was only a significant difference
and horizontal abduction in prone - between internal rotation strength amongst
HHD the symptomatic and asymptomatic
Pectoralis minor muscle length — swimmers (p= 0.05).
PALM meter
Scapular dyskinesis test
Harrington 37 NCAA Division | Scapular depression and adduction, No significant difference in IR (p=0.79)and  4.b
etal., female swimmers with  scapular adduction, IR, and ER ER strength (p= 0.71)
(2014) and without shoulder =~ measured using an HHD.

pain

Core endurance measured with a side

and prone bridge.



McLaine 85 swimmers without Shoulder flexion, extension, IR, and There was a significant difference in strength  4.b
etal., a recent history of ER strength were measured using an  between the male and female groups (p<
(2018) shoulder pain HHD. 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).

Boettcher 68 elite swimmers (16 Maximal shoulder IR and ER strength  There was a significant difference between 3.e
etal, years old or < from were measured using an HHD. male and female IR strength (p= 0.002) but
(2020) both sexes) 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).

Drigny et 18 adolescent elite IR and ER shoulder strength Both conIR and eccIR PTs were significantly 3.e
al., (2020) swimmers without measured using Con-Trex isokinetic greater in male than in female swimmers (p<

current or recent (<1 dynamometer. 0.05). The years of practice explained a

month) shoulder injury significant proportion of variance in the PTs

with time lost from under all conditions (p< 0.01) and in the

sport participation or functional eccER:conIR ratio (p< 0.05).

unable to do isokinetic The ROC curves for the PT ratios as

test. 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).

Note. conER — concentric external rotation; conlR — concentric internal rotation; eccER — eccentric external rotation; ecclR —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).

34. 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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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
Beachet 32 swimmers (28 division|  Shoulder flexibility was There was no significant correlation between  3.e
al,, (1992) collegiate swimmers and4  measured using a goniometer. shoulder flexibility, strength ratios, and
club swimmers). Strength and endurance ratios shoulder pain (p> 0.001). A multiple
were measured bilaterally with a regression analysis of 0.78 was found for the
Cybex Il isokinetic combination of ER and abduction endurance
dynamometer and the upper ratios to shoulder pain were significant (p<
body exercise table. 0.001).
Bak etal., 15 swimmers from the Shoulder flexion and abduction  Although the IR ROM was reduced in the 3.c
(1997) Danish National team strength was measured using painful shoulders in comparison to the pain-
between the ages of 15 and an HHD. free swimmers, this difference was
25 years with and without ROM was also assessed; insignificant (p= 0.14). There was no
shoulder pain however, the measuring tool difference in the ER ROM.
was not stated.
Tate etal., 236 competitive female Core endurance - side bridge There was a significant difference in PROM  4.b
(2012) swimmers aged 8-77 years  test, prone bridge test, and shoulder flexion (p= 0.02) and IR (p= 0.05)

with and without shoulder
pain.

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

amongst swimmers aged 8 to 11. There were
no significant differences in the PROM
measures for swimmers aged 12 to masters
(p>0.01).



Walker et
al,, (2012)

Harrington
etal,
(2014)

Holt et al.,
(2017)

74 competitive swimmers
from both sexes aged 11 to
27.

37 NCAA Division | female
swimmers with and without
shoulder pain

70 elite Australian
swimmers from both sexes
and are 216 years old.

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.

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

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.

ER was significantly associated with 3.e
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.

On the dominant arm there is no significant 4.b
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)

There was a significant main effect between  3.e
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).
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Tate etal., 30 collegiate swimmers Passive shoulder IR, ER, and The ER ROM on the left shoulder was 3.e
(2020) aged 18 or older from a HADD were measured using a significantly greater from T1 to T2 (p= 0.014)
division Il university. Precise Digital Level/Protractor  and T1 to T3 (p= 0.005). However, there was
digital. ROM was measured at no significant change on the right shoulder
three different times (T1 = week (p= 0.7). The IR ROM on left shoulder was
3; T2 = week 8; T3 —week 20).  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).

Mise et 76 competitive swimmers Maximal shoulder IR and ER For males, the ER was significantly lower in 3.e
al., (2022) from both sexes with a were measured with the elbow  those with shoulder pain than those without
mean age of 14 in Japan. joint at 90° flexion and shoulder  pain (p= 0.02).
at 90° abduction using For females whose average distance of
goniometry. swimming per session longer had

significantly more pain (p= 0.02).

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.



33

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 ICC,,; (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
PTconERonL) 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
PTconIRonl) 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
PTecc ERonl) 58.60 14.25 54.83 12.82 7.20 0.99 1.35
PT ecc ERonR) 60.80 19.44 53.09 15.85 15.70 0.93 4.67
PTecclRonl) 47.45 12.43 47.41 13.08 6.80 0.99 1.28
PT ecc IRonR) 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 onL) 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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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 CvV ICC SEM
PTconER onL) 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
PTconlIRonlL) 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
PTecc ERonlL) 54.50 14.96 54.79 15.24 53.42 12.95 4.20 1.00 0.00
PT ecc ER onR) 50.51 13.09 50.61 13.41 51.14 14.32 6.40 1.00 0.00
PTecclRonl) 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 onL) 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 & MaclIntyre, 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 (=2100°) 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:conlR) 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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E‘a?(lﬁnl? peak torque, range of motion, and functional ratio of the shoulder joint amongst swimmers without shoulder
B 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
PTecc 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:conlR 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



;Zglzgf;rence between maximal peak torque of the shoulder during concentric and eccentric contractions in swimmers without shoulder
P Variables Concentric Eccentric

Mean SD Mean SD p-value Effect Size
PTERoONL) 24.38 10.38 53.22 16.22 *0.01 2.17
PTER onR) 25.13 13.38 54.52 20.01 *0.01 1.76
PTIRonL) 28.86 17.36 45.68 13.16 0 11
PTIR 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

52
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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:conlIR ratio was

significantly greater in symptomatic shoulders than pain free shoulders (p= 0.04).
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1I\-Aaa'3(l;lan1a? 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
PTecc 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



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:conlR) 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 2 100° (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:conlR) 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 aresult, 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:conlR) 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

e |tis 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.

e The implementation of a functional ratio of eccER:conlR 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 2: Participant Information Sheet

0 TR WAL BAL

Participant Information Sheet

Study One
Date Information Sheet Produced:
11/05/2022
Project Tithe
Assessing the reliability of peak torgue and active range of motion in prone For assessing the shoulder joint.
A Invitation

Hi, my name & Kayla Botha, and | am a baster’s student at AUT University. | would like to peréonally invite yau
participate in our research project. The study aims to assess maximal shoulder strength and range of motian in
normal and symptomatic swimmers.

Wht is the purpose of this research?

Swirnming is a recreational and competitive spart that invalves bath the vpper and lower bady. Majority of the
propulsion of the swimmers in the water ariginates from their upper extremities. Hence the occurrence of shaulder
pain in swimmers is high. Research hawve found significant differences in shoulder range of mation {ROM] and
strength inswimmers with and without shoulder pain. However, no studies have included ROM testing in the prane
position in swimmers, and none have included eccentric shaulder strength in swi . Thee ent af RO
in prone is spart specific as swimmers spend majority of their swimming training doing freestyle. This proposed
study sims to determine the reliability of peak tarque and active range of mation in prone For assecsing the shaulder
joint. The findings of this study will assist in developing a sport specific screening method of the shoulder For
swimmers that would be beneficial for researchers and practitioners managing these athletes. Additianally, the
findings of this ressarch may be used for academic publications and pressntations.

How was | identified and why am | being invited to participate in this research?

| {the lead research) was put in contact with your swimming coach via a colleague who has worked with Swimming
New Zealand for several years. Based on the study outline and reguirements of participation, the lead researcher
identified wour training group for a presentation. Yoo are eligible to participate in this study # you are {1) male and
female between the ages of 16 and 30 years; {2) are healthy (no known medical canditions), (3] have no history of
previaus shoulder surgery; (4} have no histary of shoulder injur lated ta swimming: {5) have no histary of
cervical and thoradc pathology; |6) Cnglish speaking: (7] able to complete guestionnaires and give informed
consent; (B and have been participating in regular swimming sessions {3-5 seasions a week] for the past six manths.

How do | agree to participate in this research?

If you agres to participate in this research, yau can email me on kayls boths physic@pmail com expressing your
interest to participate, Yoo will be asked to report ta the AUT-Millannium SPRINZ laboratory spiace where you will
b given written infarmation about the testing procedure. Bafore signing the consent farm, you will be given an
opportunity to ask me any questions about the research study. Following this appartunity for guestions ar queries,
you will be required to sign and date the consent farm.

Your participation in this research is eoluntary (it is your chaice) and whetber go pgt you choose to participate will
neither advantage nor disadvantage you. You gre ahletn withdraw from the study at any time. If you chooss to
withdraw from the study, then you will be offered the choice between having any data that is identifiable as
belsnging to you remaved ar allowing it ta continue to be used. Howswer, ones the findings have bean praduced,
remaval af yaur data miy not be possible.

‘What will happen in this research?

Once you have decided ta participate in the study you will be asked to complete 2 1-1.5 hour familiarisation session
at the AUT-Millennium SPRIME laboratory space and repeat identical study procedures ane week following the
initial testing session [if able). The study procedures are as fallows:

Initially, you will complete a subscale of the Penn Shoulder Score (strenuous pain score) and the Disabilities of the
Arm, Shaulder, and Hand {DASH} questionnaire [sparts madule). Fallvwing this, the researcher will give a complete
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verbal explanation of the testing procedures and equipment. You will then complete a 5-10 minute shoulder warm-
up. The warm-up will include active shoulder internal and external rotation using a stick, shoulder internal and
external ratation with arm at your side using 2 yellow theraband, and push ups. The testing procedures will consist
of maximal shoulder internal and external rotation using the Humac Norm dynamometer at 120%/s and measuring
shoukder active range of motion in prone using an inclinometer. You will complete three strength tests with a 1
minute passive rest periods (i.e., 6 resisted tests on each shaulder).

I you wish to continue your participation, you will be invited to return to our testing facility for a second testing
session approximately ane week kater at the same time of day. This session will follow the same procedures as the
first testing session to determine the refiabifity and validity of the test variables. Additionally, the findings of the
retest will be incdluded in Study Two.

The below pictures are of the eguipment that will be used to assess your shoulder strength and range of mation.

Humac Norm sokinetic Dynamometsr Inclinometer

What are the discomforts and risks?

You will be asked to perform maximal (very heavy intensity) exercises during the data collection. Therefore, you
could potentiaily experience discomfort for 2 shart period of time towards the concluding maments of these
maximal assessments. The intensity of these exercises will be 3ipilge tg what you experience during training and
competition situations

How will these discomforts and risks be alleviated?

Being an expenenced swimmer who regularly competes and is familiar with training at high intensities, the exercise
trials will be 3pplat i what you experience within a typical week of training and campetttion, If you experience
discomfort at any stage during the testing, you are encouraged to inform the ressarcher with you at the time so
that they can best address the probiem. If you have any guestions regarding the risk of dscomfort you may
experience, please feel free to address these concerns to the ressarcher so that you always feel comfortable
throughaut this research process,

What are the benefits?

You will receive a spart-specific assessment of yaur shoulder joints, This will include an nt of the shauldery
active range of motion (ROM) in prone and maximal shoulder internal and external strength. This informatian can
be used to provide insight into muscle imbalances and reduced ROM that can be impacting your training capacity
and race performance and contribute to potential injuries. The researchers will also benefit from this study as this
sport-specific screening is @ novelty. The results of this study will assist how health professionals assess and manage
a swimmer's shaulder.

The results of this research are intended for publication and will contribute to part of my Master’s Thesis and will
alsa be subimitted to peer-reviewed journals for publication.

What compensation is available for injury or negligence?

In the unlikely event of a physical injury 2% (et of your participation in this study, rehabiltation and
compensation for injury by accident may be svailable from the Accident Compensation Corporation, praviding the
incident details satisfy the requirements of the law 2nd the Corporation's regulations.

How will my privacy be protected?

Testing procedures and subsequent data collection may occur in small groups resulting i Bmited confidentiality
during this period between those performing testing within the same session. No results will be imparted during



the testing session. Your individual data will be protected and confidential from ather participants in your testing
proup. Dutside of the data collection, your privacy will be protected by the data being de-identified {your name will
be replaced by a code, &g, Swim 1, 5wim 2 etc.), and the research will not dischse any persen’s participation in
this study. No names ar picturss will be used in the reparting | unless the participant gives explicit additional writtan
consent for media purposes following AUT pratocals and organised via the AUT university relations team). During
the study, only the applicant and named ressarchers will have acosss to the data collected. The results of the study
may be used for submission to peer-reviewed journals ar submitted at conferences.

All data will be stored on password protected compubters ar in locked files. Fallowing completion of data analysis
your data will be stared by the AUT University SPRINZ research officer in the AUT University SPRINE secure Cthics
and Data facility at AUT Millennium campus. Given the progressive nature of research in this Field, dats will be kept
indefinitely for the purposes of reanalysis (should future analysis methods arise) for purposes gimilar, to that
collected; however [as per abowve] all forms of data will be de-identified and kept secure for the entirety of the
data's storage lifetime.

What are the costs of partidipating in this research?

Qther than yaur time and effort, there will be ne financial cost for you participating in this study. You will need to
attend a 1-1.5 hour familiarisation session prior to testing sessions. The testing sessions will take approximately
1.5-2 howurs.

You will receive a $20 petrol vaucher for each testing session as gplgfor your time and travel
‘What opportunity do | have to consider this invitation?

We would appreciate it i you could let us know within tewa weeks whether you would be available to take part in
the study or not. After consideration you may withdraw your participation at any time.

Wil | receive feedback on the results of this research?

Yes, upan complation each participant will receive a repart regarding their shoulder range of motion and maximal
strength. The report will indicate where there is muscle imbalance or reduced shaulder range of mation. & is your
choice whether you share this information with your coach or ather people.

What do | do if | have concerns about this research?

Any concerns regarding the nature of this project shauld be notified in the first instance to the Project Supervisar,
Dr Matt Brughelli, matt. brugheli@autacnz, (<649) 521 9989 gxb 7025 ar {(+64) 27 221 7377,

Concerns regarding the conduct of the ressarch should be notified to the Executiee Secretary of AUTEC,
ethirs@ant ar e {+649) 821 9999 gyt GOIB.

‘Whom do | contact for further information about this research?

Please keap this Information Sheet and a copy of the Consent Form far your future referance. You are also able to
contact the research team as follows:

Researcher Contact Details:
Kayla Batha, kayla.botha. physio@ gmail.com
Project Supervisor Contact Details:

G, Matt Brughelli, Sport Performance Research Institute Mew Tealand (SPRIMZ), Schoal of Sport and Recreation,
Faculty of Heglth and Covironmental Sciences, AUT  University, Private Bag 93006, Awckland 1020,
matt_brughelliiavt.ac.ne, 09 921 9959 ggg 7025 or 027 221 7377,

Appraved by the Aucklind U ity of Technak Ethica © i an type the dobd final stlvics approval wai grantad, AUTEC Rafarencs
num bar hepar the refarocs svsmbar.
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Participant Information Sheet

Study Twa
Date Information Sheet Produced:
11/05/2022
Project Tithe
Assessing shoulder strength and range of motion in swimmers with and without shaulder pain
An Invitation

Hi, my name & Kayla Botha, and | am a bastec’s student at AUT University. | would like to personally invite you
participate in our ressarch project. The study aims to assess maximal shoulder strength and range of motion in
normal and s'fl'rlp'!ﬂrl'la'lit sWimmers.

What is the purpose of this research?

Swimming is & recreational and competitive spart that inwalves bath the vpper and lower bady. Majarity of the
propulsion of the swimmers in the water ariginates from their upper extremities. Hence the occurrence of shaulder
pain in swimmers is high, Rasearch have found significant differences in shoulder range of mation (ROM| and
strength imswimmers with and without shoulder pain. However, no studies have included ROM testing in the prans
position in swimmers, and none have included eccentric shaulder strength in swi 5. The ent af ROM
in prone is spart specific a8 swimmers spend majority of their swimming training doing Freectyle. This propossed
study aime to assess shaulder ROM and strength in swimmers with and withaut shoulder pain. The findings of this
study will help determine & sport specific screening method of the shoulder for swimmers that would be beneficial
for researchers and practitioners managing these athletes. Additionally, the findings of this research may be wsed
for scademic publicaticns and presentations,

How was | identified and why am | being invited to participate in this research?

| {the lead research) was put in contact with your swimming coach via a colleague wha has worked with Swimming
Mew Zealand for several years. Based on the study autline and reguirements of participation, the lead researcher
identified your training group for a presentation. ¥ou are eligible to participate in this study i you are 1) male and
female between the ages of 16 and 30 years; (2) are healthy (ne known medical conditions), (3] have ne histery of
previous shoulder surgery; (4} have no histary of shoulder injuries unrelated ta swimming; {3) have no histary of
cervical and thorade pathology; |6) Cnglish speaking; (7] able to complete guestionnaires and give informed
consent; (&) and have been participating in regular swimming sessions |3-5 sessions & week] for the past sic manths.

How dao | agree to participate in this research?

If you agres to participate in this research, you can email me on kayls. botha physio@pmail.com expressing your
interest to participate. You will be asked to repart ta the AUT-Millanniom SPRINZ laboratory space where you will
be given written information about the testing procedure. Before signing the consent farm, you will be given an
opportunity to ask me any questions about the research study. Following this appartunity for guestions or queries,
you will be reguired to sign and date the consent farm.

Your participation in this research is voluntary (it is your chaice) and whetber go pgt vou choose to participate will
neither advantage nor disadwantage you. You are abletn withdraw from the study at any time. If you choose to
withdraw from the study, then you will be offered the choice between having any data that is identifiable as
belonging to you remaved ar allowing it to continue to be used. Mowever, once the findings have besn praduced,
remawal af yaur data may not be possible.

What will happen in this research?

Once you have decided to participate in the study you will be asked to complete  1-1.5 hour familiarisation session
at the AUT-Millennium SPRINE laboratory space. The study procedures are as Follows:

Initially, you will complete a subscale of the Penn Shoulder Scare (strenuaus pain scare) and the Disabilities of the
frm, Shoulder, and Hand {DASH} questionnaire [sports madule). Fallvwing this, the researcher will give a caomplete
verbal explanation of the testing procedures and equipment. You will then complete @ 5-20 minute shoulder warm-
up. The warm-up will include active shaulder internal and external rotation using a stick, shaulder internal and
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external rotation with arm at your side using 2 yellow theraband, and push ups. The testing procedures will consist
of maximal shoulder internal and external rotation using the Humac Narm dynamometer at 120°/s and measuring
shoulder active range of motion in prane using an indi ter. You will complete three steength tests with @ 1
minute passive rest peciods (i.e., 6 resisted tests on each shaulder).

The below pictures are of the eguipment that will be used to assess your shoulder strength and range of mation.

-
-

Humac Norm Isekinetic Dynamometer Inclinometer

What are the discomforts and risks?

You will be asked to perform maximal (very beavy intensity} exercises during the data collection. Therefore, you
could potentially experience discomfart for a shart periad of time towards the cancluding maments of these
maximal assessments. The intensity of these exercses will be similac tg what you experience during training and
competition situations

How will these discomforts and risks be alleviated?

Being an experienced swimmer who regularly competes and is Familiar with training at high intensities, the exercise
trials will be 3ppilanta what you experience within a typical week of training and campetition. If you experience
discomfort at any stage during the testing, you are encouraged to inform the researcher with you at the time so
that they can best address the problem, If you have any guestions regarding the risk of discomfort you may
experience, please feel free ta address these concerns to the researcher so that you always feel comfartable
throughaut this research process,

What are the benefits?

You will receive a spart-specific assessment of your shoulder joints. This will include an assessment of the shoulders”
active range of maotion (ROM) in prone and maximal shoulder internal and external strength. This informatian can
be used to provide insight into muscle imbalances and reduced ROM that can be impacting your training capacity
and race performance and contribute to potential injuries. The researchers will also benefit from this study as this
sport-specific screening is a navelty. The results of this study will elucidate whether there is a difference in these
measures amang symptomatic and pormal swimmers. This information can contribute to a swimmer's
individualised injury prevention or rehabilitation programme. It will also assist how health professionals and
couches throughout New Zealand manage their swimmers both in the gym and the paal

The results of this research are intendad for publicatian and will cantribute to part of my Master's Thesis and will
also be submitted to peer-reviewed journals for publication.

What compensation is available for injury or negligence?

In the unlikely event of a physical mjury g< (et ol your participation in this study, rehabiltation and
compensation for injury by accident may be available from the Accident Compensation Corparation, providing the
incident details satisfy the requirements of the law 2nd the Carporation's regulations.

How will my privacy be protected?

Testing procedures and subsequent data collection may occur in small groups resulting in Gmited canfidentiality
during this period between those performing testing within the same session. No results will be imparted during
the testing session. Your individual data will be protected and confidential fram other participants in your testing
group. Outside of the data collection, your privacy will be protected by the data being de-identified {your name will
be replaced by & code, e.g., Swim 1, Swim 2 etc), and the research will not disclose any person’s participation in
this study. No names or pictures will be used in the reporting {unless the participant gives explicit additional written



consent far media purposes fallowing AUT pratacals and organised via the AUT university relations team). During
the study, only the applicant and named researchers will have acoess to the data collected. The results of the study
may be used for submission ta peer-reviewesd journals ar submitted st conferences.

All data will be stored an pasword protected camputers ar in locked files. Fallowing completion of data analysis
your data will be stored by the AUT University SPRINZ research officer in the AUT University SPRINZ secure Cthics
and Data Facility at AUT Millennium campus. Given the progressive nature of research in this Field, data will be kept
indefinitely for the purposes of reanalysiz (should future analss methods arise) for purpases gymilar to that
collected; however (as per above| all forms of data will be de-identified and kept secure for the entirety of the
data's storage lifetime.

What are the costs of participating in this research?

Other tham yaur time and effort, there will be ne financial cost for you participating in this study. You will need to
attend a 1-1.5 hour familiarisation session prior to testing sessjions. The testing sessions will take approximately
1.5-2 haurs.

Yoou will receive & §20 petrol voucher For sach testing session as by for your time and travel
What opportunity do | have to consider this invitation?

We would sppreciate it if you could let us know within tewo weeks whether you would be available to take part in
thie study or not. After consideration you may withdraw yaur participation at amy time.

Will | receive feedback on the results of this research?

Yes, upan campletion each participant will receive a repart regarding their shoulder range of mation and maximal
strength. The report will indicate where there is muscle imbalance or reduced shoulder range of mation. It is your
choice whether you share this information with your coach ar ather people.

What dos | da if | have concerns about this research?

Any concerns regarding the nature of this project shauld be natified in the first instance to the Praject Supervisar,
Dr Matt Brughelli, matt. brugheli@autacnz, {+649) 921 9599 gyt 7025 ar {+64) 27 221 7377,

Concerns regarding the conduct of the ressarch should be notified to the Executiee Secretary of AUTEC,
ethir@out ne ne {+549) 821 9599 gyt G038,

‘Whom dao | contact for further information about this research?

Please keap this Information Sheet and a copy of the Consent Form far your future reference. You are alsa able to
contact the research team as follows:

Researcher Contact Details:
Kayla Batha, kayla botha. physio@ gmail.com
Project Supervisor Contact Details:
G Mlatt Brughelli, Sport Performance Research Institute Mew Zealand (SPRIMZ], Schaal of Spoert and Recreation,

Faculty of Heglth and Environmental Sciences, AUT  University, Private Bag 93006, Awckland 1020,
matt brughelliiavt.ac.nz, 09 921 9958 gqe 7025 or 02T 221 7377,

Approved by the Auckland U ity of Techaakeygy Ethics C i on type the dons final sthic approval wai geantad, AUTEC Rafirenos
number e th rafarimes susbar.
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Appendix 3: Participant Consent Form
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Consent Form

Project titie: Assessing the reliability of peak torque and octive range of motion in prone
for assessing the shoulder joint.

Project Supervisor: Dr Matt Brugheili

Researcher: Kaylo Bothao

o | have read and understood the infarmation provided about this research praject in the Infarmation Sheet
dated 11/05/2022

o | have had an opportunity bo ask guestions and to have them answered.

o | understand that taking part in this study i valuntary {my choice] and that | may withdraw from the study at

any time withaut being disadvantaged in any way.

o | understand that if | withdraw from the study then | will be offered the choice between having any data or
tissue that is identifiable as belanging ta me remaved or allowing it ta continue to be used. However, once the
findings have baen produced, remeval of my data may nat be posible.

o lam not suffering from any current injury, illness, or disarder that may impair my ability to perform the required
tasks nar am | outside the Fmits of the required age range of 16 to 30 years,

o I agree to provide answers to questions and provide a physical effort to the best of my ability throughout
testing.

o | agree to take part in this research.

o | understand | have the option to be retested and my results to be included in Study Twoa.

o | consent to the indefinite storage of my de-identified data for re-analbysis, should future similar uses arise
|please tick anel: Yes O Na O

o | wish to recene a copy of the repart from the ressarch (please tick ona): Yes O Na O

o | wish to have my performance information accessible to my caach {please tick onej: Yes O HWa O

Bactici N .

Eactici .

Barticioans.s Contact Details (if aporaamiatel:

Aty

Approved by the Auckland University of Technology Ethics Committee on type the date on which the final opproval
wias granted AUTEE Reference number type the AUTEC reference number

Nate: The Participant should retain a copy of this form.
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Consent Form

Praject title: Assessing shoulder strength and range of motion in swimmers who have
shoulder pain.

Fraoject Supervisor: Dr Matt Brughelli

Ressarcher: Kaylo Botha

o] | hiawe read and understood the information provided about this research praject in the Information Sheet

dated 11/05/2022.

o I have had an opportunity to adk guestions and ta have them answered.

o I understand that taking part in this study is valuntary {my choice| and that | may withdraw from the study at
any time without being disadvantaged in any way.

o 1 understand that if | withdraw from the study then | will be offered the choice between having any data or
tissue that is identifiable as belonging to me remaved or allowing it ta continue to be used. Howewer, once the
findings have been produced, remoeval of my data may nat be possible,

o lam not suffering from any current injury, illness, or disord er that may impair my ability to perform the required
tasks nar am | outside the lmits of the required age range of 16 to 30 years,

o lagres to prawvids 5 q ions and provide a physical effart to the best of my ability throughout testing.

o 1 agres to take part in this ressarch.

o I consent to the indefinite storage of my de-identified data for re-analysis, should future similar uses arise
|please tick ane): Yes O Ma O

o |'wish to receiee a copy of the report from the ressarch (pleass tick ona): Yes O Na O

o | wish to have my perfermancs information accessible ta my caach {please tick one|: Yes O Ha O

Eactici - .

Bactici : .

Bastisioans.s Contact Details (if aoaconmatel:

Dite:

Approved by the Auckland University of Technology Ethics Committee on type the dote on which the final approval
was gronted AUTEC Reference number fype the AUTEC reference number

Nate: The Participant should retain a copy of this form.
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Appendix 4: The Quality Appraisal for Reliability Studies (QAREL) Checklist

Quality Appraisal of Diagnostic Reliability (QAREL) Checklist

87

Item Yes Mo Unclear N/A
1. Was the test evaluated in a sample of subjects who were representative of those to whom the
authors intended the results to be applied? O O O
(DEF: 3, 4,5,7,8, 9)
2. Was the test performed by raters who were representative of those to whom the authors
intended the results to be applied? O O |
(DEF 3.4,6,7,8,9)
3. Were raters blinded to the findings of other raters during the study?
(DEF 10) O O [ [
4. Were raters blinded to their own prior findings of the test under evaluation? n n O O
(DEF 11)
5. Were raters blinded to the results of the reference standard for the target disorder
{or variable) being evaluated? O O O O
(DEF 12)
6. Were raters blinded to clinical information that was not intended to be provided as part of the
testing procedure or study design? O O O O
(DEF 13)
7. Were raters blinded to additional cues that were not part of the test? 0 0 O
(DEF 14)
8. Was the order of examination varied?
(DEF 15, 16) O O [ [
9. Was the time interval between repeated measurements compatible with the stability (or
theoretical stability) of the variable being measured? O O O
(DEF 17)
10. Was the test applied comectly and interpreted appropriately? n n O
(DEF 18)
11. Were appropriate statistical measures of agreement used? 0 0 O

(DEF 19, 20, 21)

TOTAL

DEF numbers relate to items on the QAREL Data Extraction Form
To access the Data Extraction Form, please go to hitp2//garel.org




Appendix 5: JBI Critical Appraisal Checklist for Analytical Cross Sectional Studies

<>

THL JOARNA BRICGS INSTHTUTL

JBI Critical Appraisal Checklist for Analytical Cross Sectional Studies

T e et Date ==
Author oo Year__ RecordNumber_____ |
Yes No Unclear  Not
applicable

L :Je;f:e;h; criteria for inclusion in the sample clearly 0 'O 0 0
2. x:; ?the study subjects and the setting described in O 0O 0 0O
3. r:ys?the exposure measured in a valid and reliable B B 0 0
i imicinenshe e oo o o
S. Were confounding factors identified? 8 0 O O
6. ::tfeed s?trategies to deal with confounding factors O O 0 0
7. :l:yr?e the outcomes measured in a valid and reliable SR E 0 0]
8. Was appropriate statistical analysis used? O 0O O O

Overall appraisal: indude L] exclude []  Seekfurtherinfo [

Comments (Inciuding reason for exclusion)

@ Joanna Briggs Institute 2017

Critical Appraisal Checklist | 3
for Analytical Cross Sectional Studies
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Appendix 6: JBI Critical Appraisal Checklist for Cohort Studies
“.-.»)

THL JOANNA BREGOGS INSTITUTT

JBI Critical Appraisal Checklist for Cohort Studies

Reviewer Date

Author Year, Record Number

- - - - - .

Yes No Unclear Not

applicable

1. ::: ::.-w “:: :n??ups similar and recruited from the D D D D

* Sbtapmimtmepdgent . 0 O 0O O

3. Was the exposure measured in avalid and reliableway? [ ] [ O O

4. Were confounding factors identified? O 0O O O

5. :tv:tr:d s?trategies to deal with confounding factors D D D D

6. twh:r:t:lnmeomp:t/:;yn:dpants free of the outcome at 0O 0O O 0

or at the moment of exposure)?

7. vwv:;: the outcomes measured in a valid and reliable 0 0O 0 0]

8. xt m :oelmru:m tl;:'en m ::1?6 sufficient to be 0 0 O 0

" toatowpdmreisodesion . 0 0 O O

10. xﬂelr:e;t’rateg)es to address incomplete follow up D D D D

11. Was appropriate statistical analysis used? O 0O Od O
Overall appraisal: Include D Exclude D Seek further info D
Comments {Including reason for exclusion)

© Joanna Briggs Institute 2017 Critical Appraisal Checklist for Cohort | 3

Studies
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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



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 for Reliability Studies
(QAREL) checklist

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q1 Q11
0
Mandalidis Yes Yes N/A — one No N/A  No No No — The order Yes Yes Yes
et al., examiner of limb
(2001) dominance
and IR/ER
actions were
randomised in
the first
session but
were tested in
the same
order for the
second
session.
Awan et Yes Yes No — one Yes N/A  No No Yes Yes Yes Yes
al., (2002) examiner
measured
and
recorded
the ROM
Plotnikoff Yes Yes N/A — one Unclear — N/A  No No No — same Yes Yes Yes
et al., examiner blinding not protocol of
(2002) stated testing was
followed on
subsequent
test sessions
Van Yes — no Unclear — Unclear — Unclear — N/A  No No Yes Yes Yes Yes
Meeteren recruitment only states  blinding not  blinding not
et al., process “examiners” stated. stated.
(2002) mentioned
Dauty et Yes Yes N/A — one No N/A  No No Yes Yes Yes Yes
al., (2003) examiner
Kolber et Yes Yes Yes Yes - Atrained N/A Unclear Unclear No — No Yes Yes Yes

al., (2012)

assistant

randomisation
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Edouard Yes

et al.,
(2013)

Cools et Yes
al., (2014)

Furness et Yes

al., (2015)

Walker et Yes
al., (2016)

Unclear —
only states
“examiner”.

Unclear —
only sex,
height, and
weight
were
provided.

Yes

Yes

N/A — one
examiner
only

No — first
examiner
recorded
the second
examiner’s
findings
and vice
versa.

No — one
examiner
recorded
the findings
of the other
Yes -
examiners
were
blinded to
all test
results

recorded all
measurements
from the digital
inclinometer
to ensure the
investigators
performing the
measurements
were blinded
to the findings.
Unclear

Yes — second
assessor
recorded the
findings of the
first assessor
and vice
versa.

Yes

Yes -
examiners
were blinded
to all test
results

N/A

N/A

N/A

N/A

No

No

No — no
blinding to
clinical
information
noted.

No

Unclear

Unclear

Unclear

Unclear

of
measurements
as the authors
wanted a
consistent
physiological
status for
participants.

No - The two Yes Yes
shoulders

were tested in

random order

for the first

session; this

order was the

same for the

second

session.

Yes No -10 Yes
seconds
between
trials

No Yes Yes

No — shoulder Yes Yes

ROM test

order was

standardised.

Only

swimmers

Yes

Yes

Yes

Yes
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Collado-
Mateo et
al., (2018)

Habets et
al., (2018)

Yes

Yes

Unclear —
only states
“raters”

Yes

Unclear —
blinding not
stated

Unclear

Unclear — N/A  Unclear Unclear
blinding not
stated

Unclear N/A  Unclear — Unclear
no clinical
information
provided

were
randomised to
an examiner.
Unclear — not
stated

Yes

Unclear
— period
between
tests not
stated
only that
same
test was
performe
d three
times on
the
same
day.

Yes

Yes

Yes

Yes

Yes

Note. ER — external rotation; IR — internal rotation; N/A — not applicable; ROM — range of motion
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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

94

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q1 Level of
1 Evidence for
Effectiveness

Beach et NA — one NA  Yes — study Yes Yes — Multiple NA Yes NA NA NA Yes 3.e
al., (1992) group of stated regression analysis

Division | intratester

collegiate reliability for

and club shoulder

swimmers flexibility

measurements

Bak et al., Yes - Yes Yes — Yes — sex, age, No NA Yes NA NA NA Yes 3.c
(1997) Danish isokinetic experience,

National dynamometer training amount,

team and HHD strength training
Walker et NA —one NA  Yes - table Yes — one table Yes — preliminary NA Yes Yes Yes Yes Yes 3.e
al., (2012) group of stating the with variables bivariate logistic

swimmers reliability of examined for regression

from five shoulder tests  association with analyses; backward

competitive used. shoulder injury stepwise binary

swimming and a table listing logistic regression

clubs in participant

Melbourne. characteristics.
Holt et al., NA —one NA  Yes - inter- Yes — age, sex, Yes — independent NA Yes NA NA NA Yes 3.e
(2017) group of rater reliability =~ dominance, predictors of pain

Australian was assessed. swimming event,  were examined

swimmers training load, and  using multiple

from the shoulder pain regression models

national status

team and

Institute of

Sport
Boettcher NA —one NA  Yes —The Yes — age, sex, Yes — Mixed model NA Yes NA NA NA Yes 3.e
et al.,, group of testing height, weight, analyses were used
(2019) elite procedure hand dominance, to evaluate

swimmers demonstrated swimming event, difference in



Drigny et
al., (2020)

Tate et
al., (2020)

Mise et
al., (2022)

NA —one NA
group of
adolescent
swimmers

from a

national-

level

NA —one NA
group of
collegiate
swimmers

from a

division Il
university

NA — one NA
group of
swimmer
belonging

to the same
swimming

club in

Japan

good to
excellent
intertester
reliability.

Yes — Con-
Trex isokinetic
dynamometer

Yes — test-
retest reliability
was assessed.

Yes — The
examiners
calculated the
intraclass
correlation
coefficient and
verified the
intra-examiner
reliability of
each
measurement

training load, and
pain status.

Yes — age, sex,
body weight,
height, BMI,
dominance,
experience, front-
crawl specialist,
stroke, distance,
shoulder injury
history

Yes — table with
participants
demographics

Yes — experience,
training load
(distance and
session)

strength normalised
to body weight and
using fixed factors
(dominance, sex,
and pain status).
Yes — regression
analysis using an
F-test and r-
squared statistic.

Yes — a backward
stepwise binary
logistic regression
was used to
examine the
relationship
between dependent
and independent
variables.

NA  Yes
NA Yes
NA  Yes

Yes —
38
weeks

NA

Yes

Yes — 1x No Yes
ACL injury,

2x pursued

careers

overseas

and 2x did

not wish to

continue

with follow

up.

NA NA Yes

No No Yes

3.e

3.e

3.e
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Note. ACL — anterior cruciate ligament; BMI — body mass index; NA — not applicable



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

Tateetal., No  Yes— multicentre No Yes — Penn Yes — table Yes Yes — Yes 4.b
(2012) study across Shoulder with inclinometer,

youth, high Score and participant HHD, scapular

school, and US Disabilities of demographics dyskinesis test,

Masters swim the Arm, and another side bridge test,

teams in Shoulder, and  table with PALM palpation

Philadelphia and Hand outcome swimming meter

Pennsylvania measure exposure

areas.
Harrington  Yes Yes Yes — previous  Yes — Sports Yes — table of No Yes — reliability ~ No 4.b
et al., intratester and Symptom  participants and validity
(2014) reliability stated Survey Form demographics stated for each

measure.

McLaine et Yes Yes — testing Yes — HHD and Yes — Yes — Yes Yes — HHD Yes 4.b
at., (2018) performed positioning is questionnaire included in

poolside, standardised was completed the results

participants that included tables

demographics questions on

described, hand

recruitment
process stated

dominance,
previous
shoulder injury
or pain, swim
performance,
training
history.

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)

Doas svimmer have pain |asing longsr than 72 hours?

Answer: No Answer: Yes
Isthere pain during swimming, eithar 3t practice or duning 2 Does pain occur withreaching overhesd and for IFting sctivities not relstedto

competitiveavent?

! ! | |

swimming?

Answer: No
St = 0 Answer: Yes
Doasz pain continua aven aftar stopping or Answer: No Answer: Yes
changing to adifferent stroke? Score= 6 Does pain interrupt sleep?

\l’ ‘l' \ v

Answer: No Answer: Yes Answer: No Answer: Yes
Score = 1 Hasperformance dminished? Score =7 Does psin consistently ooour

J, ‘1’ on consecutive days?

Answen No Answer: Yes ‘l/ \
Score =2 Doespain lzst >2 howrsduring Answer: No Answer: Yes
the day? Score =8 Hazpain lasted more
than 7 consscutive
doys?

Answer: No Answer: Yes
Score =3 Doas swimmer have dfficultywith
snampocing halr afterpeacnce OR have
pam that 35t > 4 hours during the day?

Answer: No Answer: Yes
Score =4






