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IV. Abstract

Background

The shoulder joint's high mobility makes it prone to injuries, especially in contact sports
like rugby, where shoulder injuries account for 23% of cases. Adolescent players face
increased risk due to developmental factors, yet most injury prevention programmes
are designed for elite athletes and are too time-consuming for school players. An
efficient, evidence-based targeted shoulder stability training tailored for adolescent
rugby athletes is needed. This study compares the effects of stability exercises,
resistance training, and a combination of shoulder stability and strength in school

rugby players over six weeks.
Methodology

This randomised controlled trial was conducted at a high school’s high-performance
centre in Gauteng, supervised by a registered Biokineticist. A total of 160 rugby
players aged 13—19 years were recruited, of whom 142 (88.8%) completed all baseline
and post-protocol validated testing, yielding a 100% response rate among completers.
Participants followed one of three age-appropriate six-week training protocols
targeting shoulder stability (u/14-15), strength (u/16-17), or combined stability and
strength (u/18-19). The control and intervention groups were divided using an odd
and even number system as they wrote their names down, where the odd numbers
were the control group and the even numbers were the intervention group. The
training, aligned with school schedules, was performed twice weekly with progressive

intensity.

Results

Across all age groups, intervention participants showed significantly greater
improvements than controls (p < 0.001). In the stability protocol (u/14-15), the
intervention group demonstrated larger gains in the Upper Quarter Y-Balance Test
(mean change: left 10.9cm vs 4.4cm; right 9.3cm vs 4.1cm) and in scapular endurance
and push-up capacity. In the strength protocol (u/16-17), the intervention group
achieved greater improvements in 1-minute push-ups (+8.6 vs +3.5 reps) and 60%
body-weight shoulder press (+6.9 vs +3.0 reps). The combined protocol (u/18-19)
produced significant increases in both stability (UQYBT left +12.0 vs +3.1 cm; right

iv



+11.2 vs +3.0 cm) and strength measures (isometric pull-up +11.1 vs +2.6 sec; 1-

minute push-ups +9.3 vs +2.9 reps; shoulder press +6.1 vs +1.8 reps).

Overall, the six-week targeted protocols were effective in improving shoulder stability
and strength in adolescent rugby players, with the intervention groups consistently

outperforming controls.

Conclusion

This study highlights the importance of age-specific training for shoulder stability and
strength in high school rugby players. Stability exercises benefit younger athletes, and
a combined strength and stability training programme is most effective for mid-
adolescents and older players. While structured pre-season training can enhance
performance and reduce injury risk in a short time frame, factors like individual
variability and external environmental factors should be considered. Future research
should explore long-term effects and a broader population to refine these protocols
further.
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IX. Outline of this Dissertation

This dissertation complies with the requirements of the University of the
Witwatersrand, Johannesburg, South Africa, for the Magister Scientiae (Medicine in

Biokinetics) degree.

Chapter 1 introduces the study with an overview of the background, problem
statement, aim, and objectives. It also highlights the research significance and outlines

the structure of the dissertation.

Chapter 2 presents a comprehensive literature review on shoulder biomechanics,
rugby-related injuries, and adolescent training considerations. It discusses
neuromuscular adaptation, proprioceptive training, existing protocols, and the value of
short-duration pre-season programmes, emphasising age-specific training. The

search strategy is also detailed.

Chapter 3 outlines the study’s methodology, describing the study design and setting,
participant selection criteria, and intervention protocols, including a comparison of
standard training and protocol training. It also details the testing procedures, data

collection, and analysis methods, along with ethical considerations.

Chapter 4 presents the results of the study, including participant demographics and
baseline characteristics, data reduction and analyses, and the outcomes of the

intervention.

Chapter 5 provides an in-depth discussion of the findings, contextualising them within
the existing body of literature and addressing their implications for adolescent rugby

players and injury prevention strategies.

Chapter 6 concludes the dissertation by summarising the study’s key findings,
addressing the aims and objectives, and offering clinical and practical
recommendations. It also identifies strengths and limitations of the study and suggests

directions for future research.

The references used throughout the dissertation are compiled at the end of the

dissertation, followed by the appendices.
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CHAPTER 1

1. Introduction

1.1. Background

The shoulder joint is a marvel of human anatomy, renowned for its exceptional range
of motion and the functional demands it fulfils across various activities and sports (1).
As the most mobile joint in the body, the shoulder operates as a ball-and-socket joint,
allowing extensive movement across multiple planes. This remarkable range is
achieved through the coordinated interaction of several articulations, primarily the
glenohumeral, acromioclavicular, and sternoclavicular joints. This mobility is facilitated
by the interaction of stabilising structures, including ligaments, tendons, and the
surrounding musculature, particularly the rotator cuff and scapular stabilisers (2). The
shoulder joint's range of motion (ROM) encompasses adduction, abduction, flexion,
extension, internal rotation, external rotation, and full circumduction. These
movements are crucial for numerous functional tasks, yet they also render the
shoulder joint particularly vulnerable to injury, especially in high-contact sports like

rugby.

Rugby, characterised by its physical intensity and frequent high-impact collisions,
places significant demands on athletes’ shoulders. Shoulder injuries represent
approximately 23% of all rugby-related injuries globally, especially among school-aged
players (3). Tackling-related impacts, including direct shoulder impacts and
overextension during collision, are primary mechanisms of these injuries (4). Among
school-level rugby players, the risk is compounded by inadequate training, incomplete

rehabilitation, and a lack of knowledge about shoulder conditioning (5).

Training protocols targeting shoulder strength, stability, and proprioception have
shown promise in reducing injury rates and improving functional performance. Stability
and neuromuscular training have been shown to strengthen stabilising muscles, such
as the rotator cuff, improving the joint’s ability to withstand repetitive stress (6, 7).
Despite these potential benefits, research and protocols tailored to high school rugby
players’ unique physiological and developmental needs remain limited due to time
factors in seasons and other priorities related to their school schedules. Therefore, this



study will focus on completing a shorter time frame programme, consisting of six
weeks to address these issues that arise from limited time schedules during the

beginning of the school calendar.
1.2. Problem statement

Shoulder injuries pose a significant concern in rugby, especially at the school level,
where adolescent athletes face unique physiological challenges, including strength
imbalances, coordination issues, and uneven skeletal maturation due to rapid growth
and hormonal changes (8). The high intensity and collision-based nature of rugby
exacerbate this risk, with tackling and falling directly on the shoulder identified as key

mechanisms of shoulder injuries (4).

Existing training protocols for shoulder stability often focus on elite athletes or adults,
neglecting the developmental and practical constraints faced by high school-level
players, especially in the beginning of the season when training starts (9-12). These
protocols are typically time-intensive, making them unsuitable for the limited training
windows available during the school rugby season. Currently, no standardised,
evidence-based protocol designed for adolescent school rugby players addresses

their specific needs within a short timeframe of approximately six weeks.

This gap highlights the urgent need for a structured, time-efficient programme that
enhances shoulder stability and strength among school-level rugby players. A six-
week pre-season protocol tailored to this demographic could potentially mitigate injury
risks while optimising performance, addressing a critical need in adolescent rugby

training.
1.3. Significance

This study holds significant value in addressing critical gaps in adolescent school
rugby training and shoulder injury prevention by reducing shoulder injuries, tailoring
the programmes more to the athlete’s age and skeletal maturation, and working to
improve the athlete’s performance in a time-efficient pre-season. Furthermore, as it
fills the gaps in existing research, it may improve the long-term impact on the athlete’s

health and development, as well as aid with practical implications for rugby coaches



and practitioners that might not have all of the training needed to work with these

athletes.
1.4. Aims and objectives

The aim of this study is to compare the changes in shoulder stability and strength
following a six-week intervention across three groups: those undertaking stability
exercises, those undergoing resistance training, and those experiencing a

combination of both, in school rugby players.
Considering the study aim, the objectives are to:

1. Determine baseline measures of shoulder stability and shoulder strength in school-

level rugby players aged 13-19 years.

2. Re-test all baseline measures of shoulder stability and shoulder strength in school-

level rugby players aged 13—19 years.

3. Compare the changes following six weeks of stability and/or resistance training

interventions designed to improve shoulder stability and strength.



CHAPTER 2

2. Literature Review

2.1. Introduction

Rugby is characterised by high intensity and physical demands, presenting unique
challenges for athletes. The sport features intermittent bouts of high-intensity activity,
necessitating significant agility, aerobic fitness, speed, strength, and power (9).
Research indicates that, although rugby involves 15 active players on the field, forward
players (n=8) endure significantly more physical collisions than back players (n=7)
during matches (10). Shoulder injuries are notably prevalent in rugby, accounting for
approximately 23% of all injuries sustained during matches, particularly among school-
aged players (3). The importance of robust shoulders is underscored during tackles,
where players must demonstrate strength and endure considerable impacts when

hitting the ground. Falling positions after tackles are linked to 32% of shoulder injuries

(4).

According to Morgan (11), shoulder weakness exacerbates the risk of injury during
tackles and hand-offs. This highlights the pressing need for well-conditioned shoulder
strength and stability among school-level rugby players to prevent injuries and improve
tackling and handling skills. Moreover, shoulder injuries often recur due to ongoing
match play with existing injuries or incomplete rehabilitation (12). Gray (1) notes that
while rugby players face high strength demands, school-level athletes experience
additional strain due to inadequate training and limited knowledge of shoulder

conditioning.

To address these challenges, various training protocols have been proposed to
improve shoulder strength and stability in rugby players (13-15). Roberts (13) also
suggests that shoulder ligament injuries can lead to significant consequences, often
resulting in at least nine weeks of absence from the game. A study by Huxel Bliven
and Anderson (6) demonstrated that incorporating stability exercises into training
programmes improves shoulder stability and reduces athlete injury rates.
Furthermore, a four-week randomised clinical trial by Suarez-Garcia (14) reported
significant improvements (p < 0.001) in shoulder stability among rugby players.



It is well established that maximal strength training prompts adaptations in the nervous
and muscular systems, leading to increased force production (16). Neuromuscular
exercises are essential for joint stability, including strength, coordination, balance, and
proprioception programme (17). Combining stability exercises with resistance training
enables athletes to target multiple muscle groups and movement patterns, offering a
holistic approach to shoulder conditioning. Studies examining combined training in

athletes indicate significant improvements in strength and stability outcomes (7).

Given the demands of school-level rugby, where players are particularly injury-prone
due to weak or unstable shoulders, there is a need for standardised protocols tailored
to this demographic (5). Existing literature predominantly focuses on elite athletes or
adults, leaving a gap in research addressing school-level rugby players aged 13 to 19
years (15). To the best of our knowledge, no current protocols exist for in-season
school rugby players that can be completed within a six-week timeframe before the
commencement of leagues and tournaments. These demographic faces unique
challenges in physical development, injury susceptibility, and training readiness,

underscoring the necessity for an age-appropriate programme (18).

The protocol developed in this study distinguishes itself through its duration and timing,
as well as being age-appropriate. Designed to be completed in six weeks, it considers
the time constraints of the school rugby season, where players have limited training
opportunities before competitions begin. This intervention aims to reduce injury risks
and enhance match readiness by condensing the timeframe, making training more
effective during the pre-season and user-friendly for any level of high-school rugby
players. While some research suggests physiological changes are more evident after
8—12 weeks of training (19, 20), other studies have observed increases in muscle size
and strength after just 2—4 weeks (21-25).

2.2. Biomechanics of the shoulder joint and its role in sports
2.2.1. Anatomy and function of the shoulder joint

Understanding the biomechanics of the shoulder joint is essential for elucidating its
susceptibility to injuries in high-impact sports such as rugby. The shoulder joint is a
complex structure that enables an extensive range of motion while maintaining

stability. The glenohumeral joint, formed by the head of the humerus and the scapula's

5



glenoid cavity, facilitates most shoulder movements (7). Stabilisation is provided by
the rotator cuff muscles (supraspinatus, infraspinatus, teres minor, and

subscapularis), the glenohumeral ligaments, and the scapular stabilisers (5).

The rotator cuff plays a pivotal role in maintaining joint integrity by stabilising the
humeral head within the glenoid fossa during movement and preventing excessive
translations. Furthermore, scapular mobility—achieved through protraction, retraction,
elevation, and depression—is crucial for smooth upper limb motion (1). These
coordinated actions are particularly relevant in rugby, where players encounter rapid
directional changes and high-impact tackles. Consequently, developing and
maintaining shoulder strength and stability is crucial for reducing injury risk in such

physically demanding activities.
2.2.2. Role of the shoulder in athletic performance

In sports performance, the shoulder joint is integral, particularly in functional activities
such as throwing, tackling, and overhead movements. Rugby players rely on shoulder
strength and stability to deliver powerful tackles, fend off opponents, and perform swift,
high-intensity actions (10). Dynamic stability is essential for generating power and
maintaining control during these actions, underscoring the importance of robust

shoulder conditioning for both offensive and defensive plays (16).

Scapular mobility further enhances upper limb coordination, facilitating rapid
transitions critical to gameplay (7). Effective shoulder function is essential for
executing precise and responsive movements. Therefore, targeted training
programmes that incorporate strength and stability exercises are indispensable for

optimising performance and mitigating injury risks in rugby players (5, 17).
2.3. Injury prevalence and mechanisms in rugby
2.3.1. Shoulder injuries in rugby

Rugby is distinguished by its high injury rates, with shoulder injuries comprising a
substantial proportion of match-related cases (1, 2). Kirkwood (3) reports that shoulder
injuries account for approximately 23% of all rugby-related injuries, especially among
school-aged players. Tackling is the primary mechanism of injury, followed by falls and



collisions during gameplay. These high-impact events often exceed the shoulder’'s

tissue tolerance, leading to ligament tears, dislocations, and labral injuries (4).

The inherent nature of rugby, involving frequent high-impact collisions and rapid
movements, further exacerbates the risk of shoulder injuries (5). Dynamic interactions
such as unanticipated tackles and awkward falls place significant stress on the
shoulder joint, compromising its stability (4). Gabbett and Jenkins (9) highlight that the
repetitive nature of these collisions contributes to cumulative joint stress, increasing

the likelihood of injury over time.
2.3.2. Mechanisms of injury in high-impact scenarios

Shoulder injuries in rugby can be classified into two primary categories: acute and
overuse injuries. Acute injuries occur suddenly during specific events, such as tackles
or falls, while overuse injuries develop gradually due to repetitive stress. Tackling often
involves high compression forces on the shoulder, necessitating both strength to

absorb the impact and stability to maintain joint integrity (12).

The shoulder’s vulnerability in high-impact situations arises from its role in absorbing
and distributing forces during tackles. Awkward falls following tackles further amplify

joint stress, contributing to approximately 32% of shoulder injuries in rugby (4).

Overuse injuries, particularly among young athletes, have increased in recent years.
Year-round training and competition without adequate recovery time exacerbates the
risk of conditions such as rotator cuff tendinopathy and shoulder impingement
syndrome. Insufficient shoulder conditioning and strength development heighten these
issues, highlighting the need for comprehensive training programmes that address

both acute and chronic injury risks (3).
2.4. Considerations for adolescent athletes in shoulder training
2.4.1. Unique physiological considerations in adolescence

Adolescence is a critical phase of physical development characterised by rapid
changes in strength, coordination, and body composition. During this period, growth
spurts, hormonal changes, and musculoskeletal maturation significantly influence

athletic performance and injury risk (8).



Uneven skeletal maturation can lead to temporary strength imbalances among
different muscle groups, increasing susceptibility to injury (26). This variability in
strength and coordination is particularly relevant in rugby, where precise movement
patterns and quick reactions are essential. Parry (26) suggest that training protocols
for adolescent athletes must account for these physiological differences to optimise

performance while minimising injury risk.
2.4.2. Importance of holistic conditioning programmes

A holistic conditioning programme incorporating strength, stability, balance, and
coordination is essential for adolescent rugby players. Effective training programmes
should integrate strength training, flexibility exercises, and proprioceptive activities to
support comprehensive physical development. Functional movements that mimic

rugby-specific actions can further enhance athletic performance and reduce injury risk

(6).

Core stability is crucial in developing shoulder strength and function. The core provides
a foundation for efficient upper limb movement, and strengthening it improves posture
and stability during high-impact activities (7). By integrating core stability exercises
alongside shoulder-specific training, adolescent players can build a robust foundation

for optimal performance and injury prevention.
2.4.3. The role of neuromuscular training

Neuromuscular training focuses on enhancing coordination, balance, and
proprioception—key components for stable movement patterns (12). Proprioception,
or the ability to perceive joint positioning, is especially critical in sports requiring quick
decision-making and precise movements. Targeted proprioceptive exercises improve
players’ awareness of their shoulder joint positioning, enhancing stability and reducing

injury risk during gameplay.

Incorporating neuromuscular training into conditioning programmes has been shown
to significantly improve joint stability and function (7). For adolescent rugby players,
integrating proprioceptive exercises facilitates proper movement patterns and
adaptability in dynamic field situations, supporting both performance and long-term

joint health.



2.5. Theoretical framework: Neuromuscular adaptation and proprioceptive

training
2.5.1. Principles of neuromuscular adaptation

Neuromuscular adaptation is the body’s ability to adjust to training stimuli, leading to
improved strength, stability, and coordination. This process involves the nervous
system’s improved efficiency in recruiting motor units, boosting force production and
joint stability (16).

The principles of specificity and overload are essential for promoting neuromuscular
adaptation, requiring training tailored to the sport’'s specific demands. For rugby,
exercises that mimic tackling, sprinting, and sudden bidirectional changes can
enhance neuromuscular adaptations, improving both performance and resilience to

injury (27).
2.5.2. Proprioceptive training and its impact on stability

Proprioceptive training is fundamental to enhancing joint stability, particularly in the
shoulder. Proprioception involves sensory feedback from muscles, tendons, and
joints, enabling athletes to maintain spatial awareness and coordinate movements

effectively (1).

Incorporating proprioceptive training into conditioning programmes can improve
awareness of shoulder joint positioning and stability during gameplay. Activities like
balance board drills and stability ball exercises challenge balance and coordination,

improving proprioceptive feedback and joint function (6).

2.6. Existing protocols and the value of a short-duration pre-season

programme
2.6.1. Overview of current shoulder stability protocols

Current training programmes for enhancing shoulder stability often emphasise
traditional strength training but lack specificity for adolescent athletes and rugby’s
uniqgue demands (28). While rotator cuff and scapular stabilisation exercises are
prevalent, structured, evidence-based programmes tailored for school-level rugby

players are scarce.



Moreover, many protocols do not integrate neuromuscular and proprioceptive training,
which is vital for developing dynamic stability in high-impact sports. Research by Wilk
(7) and Huxel Bliven & Anderson (6) underscores the effectiveness of combining
strength and stability training in reducing injury rates. Yet, such programmes are

underutilised in school rugby contexts.
2.6.2. The necessity of a time-efficient approach

School-level athletes face time constraints due to demanding schedules, necessitating
time-efficient training programmes that maximise impact within a limited timeframe (3).
A six-week pre-season programme offers an optimal opportunity to enhance readiness

for competition while minimising injury risks.

The proposed six-week programme is designed for seamless integration into existing
training routines. It emphasises strength, stability, and proprioception, equipping
players with the necessary tools to excel in rugby while mitigating injury risks. Its time-
efficient design ensures accessibility for coaches and players alike, making it an ideal

solution for adolescent rugby athletes.
2.7. Importance of age-specific training for rugby players

Training programmes tailored to rugby players' age and developmental stage are
essential for safety and effectiveness, considering the varying physical and

physiological changes during adolescence.

Age-specific training ensures that rugby players develop the physical attributes
required for their growth stage while minimising injury risks. Younger players focus on
foundational stability, middle adolescents transition to size and strength development,
and older adolescents adopt a comprehensive training approach to meet the demands
of competitive rugby. This progression promotes both player safety and long-term

athletic development.
2.7.1. Age 13-14: Focus on stability and fundamental movements

Adolescents aged 13—14 experience rapid growth spurts, which can lead to temporary

strength imbalances and reduced coordination (8). At this stage, the skeletal system
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remains immature, and heavy-weight training may place undue stress on growth

plates, increasing the risk of injury (29).

Training for this age group should prioritise stability exercises, neuromuscular
coordination, and functional movement patterns. Bodyweight exercises, resistance
band work, and proprioceptive drills are effective in building foundational strength and

motor skills, creating a solid base for advanced training in later years (6).
2.7.2. Age 15-16: Transition to building size and strength

By ages 15-16, most adolescents achieve greater skeletal maturity and muscle
development, making this a critical period for hypertrophy and strength training (30).
Moderate weight training with an emphasis on progressive overload is appropriate for

developing muscle size and strength.

Proper technique and sport-specific strength exercises should be integrated to prepare
players for rugby’s physical demands of rugby, including tackling and scrummaging,

which require greater muscle mass and power (31).
2.7.3. Age 17-19: Comprehensive strength and stability training

Players aged 17—19 years face the highest physical demands due to their involvement
in competitive rugby. At this stage, a balanced approach that integrates weight training

for strength and power with stability exercises for joint health is crucial (7).

Stability-focused activities, such as scapular stabilisation and core strengthening,
reduce the risk of injuries caused by the high-impact forces of tackling and collisions.
Neuromuscular training further enhances proprioception, improving dynamic joint

stability during gameplay (6).
2.8. Research gaps

Table 2.1: Previous interventions

Study (Year) Population Intervention | Comparison Outcomes Key Findings
. Cluster RCT - Significant
Hislop et al., 2016 ) o
40 schoolboy Movement control Incidence of reduction in
— BMJ Open . Usual warm-up
rugby teams exercise . match and overall match
Sport Exerc Med routine L o
(32) (U15-U18, UK) programme training injuries injuries (RR 0.72,
(balance, trunk, p < 0.05); trend
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shoulder, lower
limb control)
integrated in
warm-ups (pre-
activity IPEP, 20

min)

toward fewer
upper-limb

injuries

Hislop et al., 2017

81 schoolboy

Movement control

Cluster RCT —

injury prevention

Musculoskeletal

72% reduction in
upper-limb

injuries among

trunk, lower limb)

programme Standard warm- .
— BrJ Sports Med | teams (U15-U18, . & concussion players who
(Activate warm- up N
(33) UK) . injury rates performed the
up with
programme
shoulder/scapular
23x/week
control)
RCT — 4-week
plyometric + Significant
proprioceptive + Closed Kinetic improvement in
Suarez-Garcia et 30 federated . -
strength Control (no Chain Upper shoulder stability
al., 2021 -J male rugby ) ) » )
programme special Extremity Stability and upper-limb
Men’s Health players (mean
(BodyBlade, programme) Test (CKCUEST), | control (p < 0.05)
(14) age 23 + 3 yrs) ) o
elastic bands, Y-Balance test maintained after 4
push-ups) twice weeks
weekly
RCT - 6-week
Improved
strength training N ) )
Salles et al., 2015 Shoulder joint proprioceptive
. . of shoulder Control (no .
— J Athlete Train 30 active adults . o position sense accuracy and
rotators (elastic training) ) ) ) )
(34) (proprioception) strength in trained
bands, (0 < 0.05)
rou <0.
dumbbells) group (p
Cluster RCT —
Attwood et al., 16 adult Neuromuscular 40% reduction in
adu
2017 —BrJ . “movement Match injury upper-limb
community rugby Usual warm-up o L
Sports Med ‘ control” warm-up incidence injuries (IRR 0.60,
eams
(35) programme p = 0.04)
(Activate)
High coach
Programme acceptance but
Barden et al., School rugby evaluation — . low adherence
. - Feasibility,
2022 — World teams Activate injury o reduced
) . ) — adherence, injury )
Rugby Report (implementation prevention warm- i effectiveness;
reportin
(36) study) up (scapular, P g improved when

embedded into

regular warm-ups

West et al., 2023
— Sports Med
(Systematic
Review)
(37)

Youth rugby
(U13-U19)

Systematic
review / meta-
analysis of injury

prevention RCTs

Injury incidence,
prevention

strategies

Movement-control
and strength
programmes
reduce overall

injury risk by 26—
40%; shoulder
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data limited but

trends positive

Recommends
integrated

Schwank et al.,
Expert consensus . strength +
2022 — JOSPT . . Prevention &
Multisport / — load & risk neuromuscular
(Consensus — return-to-play N
Rugby contexts management for ) control training
Statement) . guidance .
(38) shoulder injury and progressive

loading for

shoulder health

Evidence from schoolboy RCTs (32, 33) shows movement control and stability warm-
ups significantly reduce injury rates, including shoulder injuries. Suarez-Garcia et al.
(14) RCT directly shows improved shoulder stability from combined plyometric with
proprioceptive, and strength training, confirming physiological benefits in rugby
players. Salles et al. (34) provides mechanistic evidence that resistance training
improves proprioception, supporting stability outcomes. Adult/community rugby RCTs
(35) mirror these benefits, reinforcing the intervention’s relevance to youth sport.
Reviews and consensus statements (37, 38) recommend combining strength with
neuromuscular stability as best practice for injury prevention. Implementation studies
highlight that coach education and adherence are crucial for real-world success in

school environments.

Integrating these elements, this protocol addresses the specific needs of school-level
rugby players, filling a crucial gap in the literature and equipping coaches and
practitioners with a valuable tool for optimising performance while mitigating injury
risks. The primary objective of this study is to evaluate the effectiveness of a six-week
protocol in improving shoulder stability and strength among school-level rugby players

aged 13 to 19, while each age group follows its tailored programme.
2.9. Search strategy

A comprehensive review informed the development of the theoretical framework and
age-specific training guidelines of peer-reviewed literature and relevant resources.
PubMed, Scopus, and Google Scholar were used to identify studies on neuromuscular
adaptation, proprioceptive training, and age-specific training in adolescent athletes.
Search terms included combinations of keywords such as “neuromuscular

adaptation”, “proprioceptive training”, “shoulder stability”, “adolescent training
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programmes”, “rugby conditioning”, “age-specific strength training”, and “dynamic

stability”.

Articles were selected based on their relevance to rugby-specific training, injury
prevention, and adolescent development. Priority was given to studies published
within the last 15 years, though seminal works were also included. Additional
references were sourced from cited works within these articles, ensuring a thorough
and evidence-based approach to developing training protocols and theoretical

insights.
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CHAPTER 3

3. Methodology

3.1. Study design
Randomised controlled intervention trial.
3.2. Study setting

The research was conducted at a high school's high-performance centre, located in
Gauteng, on the school grounds where participants conduct their weekly exercises.
All tests and exercises were completed and supervised by a registered Biokineticist
who has been operating the facility and working with the participants for over five

years. No additional or external infrastructure was required for this study.
3.3. Participants
3.3.1. Population of the study

The study employed a convenience sampling technique. Participants were male rugby
players from a Gauteng-based high school aged between 13 and 19. Based on their
age category, participants were assigned into three main groups: stability exercises
(under 14 and 15), resistance training (under 16 and 17), and a combination of stability
exercises and resistance training (second and first teams, consisting of 17—-19-year-
olds).

3.3.2. Sample size

Each main group consisted of at least 40 players (n=120). Twenty players per main
group were randomly selected to follow the proposed six-week protocol (termed
“‘intervention group”). At the same time, the other 20 players continued with their

normal training programme (termed “control group”), thus forming two sub-groups.
3.3.3. Sample selection

A free number selection generator application, available on the Android Play Store,
was used to divide the list of participants into two groups: even numbers and odd
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numbers. The study was conducted as a blinded process for the participants to ensure

unbiased participation and effort.
3.4. Inclusion and exclusion criteria

The study used the following inclusion and exclusion criteria presented in Table 3.1

below.

Table 3.1: Inclusion and exclusion criteria of the participants

3.4.1. Inclusion Criteria 3.4.2. Exclusion Criteria

Rugby team players from a Gauteng-based Any participants with a current shoulder
high school for the year 2024 injury

Any participant who became ill and used
medication that could affect muscle
strength, bone health, or in any way impact
the study outcome

Aged between 13 and 19 years old

3.5. Intervention

The intervention was run over 6 weeks, aligning with the typical availability in high
school calendars for preparation before leagues and tours. This timeframe is
considered optimal for the proposal, potentially offering significant benefits to the
future of school rugby. Research suggests physiological changes are more evident
after 8—12 weeks of training (19, 20), but other studies observed an increase in muscle

size and strength after 2—4 weeks (21-25).

The study consisted of three protocols, each comprising specific weekly exercise

sessions (see Appendix 1).
3.6. Testing procedure

Participants who had handed in their consent forms and qualified to participate were
tested during their first booked session time. Subsequently, they performed the

protocol twice a week for six weeks (see Appendix 1).

A whistle with a handheld stopwatch will be used for the pre- and post-measurements.
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The same tests were repeated after the six-week protocols, following the same order
as in the initial testing. Table 3.2 represents the order in which each was conducted

per protocol.

Table 3.2: Order of tests conducted per protocol

Order Protocol 1 Protocol 2 Protocol 3
1 UQYBT Isometric Pull-Up UQYBT
2 Scapular Retraction Shoulder Press Isometric Pull-Up
3 Push-Up Plus 1-minute Push-Up Scapular Retraction
4 CKCUEST Shoulder Press
5 Push-Up Plus
6 1-minute Push-Up
7 CKCUEST

Abbreviations: UQYBT: Upper Quarter Y-Balance Test; CKCUEST: Closed Kinetic Chain Upper Extremity Stability Test

3.6.1 Shoulder stability

Upper Quarter Y-Balance Test (UQYBT) (39): A functional test performed on a Y-

shaped board to assess upper body stability and dynamic balance. The participant, in

a plank position at the centre of the board, reaches their arm medially, inferior laterally,
and superior laterally. The distances reached are recorded. This test has instructions
on how to set up and measure it for the best accuracy. Figure 3.1 shows how the

UQYBT will look from a superior view when testing the right shoulder versus the left.

Right Shoulder Left Shoulder

Supero
lateral

Medial

Medial

Infero
lateral

Infero-
lateral

Figure 3.1: Upper Quarter Y-Balance Test (UQYBT). Testing the shoulder which is being
stood on. Three planes per side are being tested which include the medial,

superolateral and inferolateral sides. Image created by the author using Canva, 2025.
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Scapular Retraction Test (40): Assesses the strength and endurance of the scapulae

retracting muscles (shoulder blades). The participant pulls a resistance band towards
their body with arms extended in front, keeping their shoulders down and back. The
duration of the hold is recorded. The participants will stand two meters away from the
anchor point of the elastic used. The same resistance elastic (JSSA - JumpStretch
SA, light purple elastic) will be used during the retest time to ensure accuracy. Figure

3.2 demonstrates the pulling angle for the Scapular Retraction Test.

Anchor point

2 meters from
anchor point

C=———

1
1
1
v
Pull and hold elastic while

engaging scapula’s
Figure 3.2: Scapular Retraction Test. Image created by the author using Canva, 2025.

Push-up Plus Test (41): Involves performing a push-up and, at the top of the

movement, protracting the shoulder blades as far as possible. The number of
repetitions until failure is recorded to assess scapular stability maintenance. Figure 3.3

demonstrated the protraction of the scapulae during the Push-up Plus test.

/\ Protract the scapulae
fully at the top

Figure 3.3: Push-Up Plus Test. Image created by the author using Canva, 2025.
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Closed Kinetic Chain Upper Extremity Shoulder Stabilisation Test (CKCUEST) (42):

Requires two strips of athletic tape placed parallel to each other 90 cm apart on the

floor. The participant, starting in a push-up position with one hand on each tape,
reaches across the body to touch the opposite hand and returns to the starting
position. The process is repeated with the other hand. Touches are counted with each
cross-body reach within a 15-second trial. After a warm-up trial, three test trials are
performed with 45 seconds of rest in between, and the average of the three trials is
recorded as the test score. Figure 3.4 Demonstrates the starting position of the

CKCUEST. Participants must alternate and tap the opposite hand as fast as possible.

Shoulder width apart
Alternating - Tap the opposite hand

Figure 3.4: Closed Kinetic Chain Upper Extremity Shoulder Stabilisation Test. Image
created by the author using Canva, 2025.

3.6.2 Shoulder resistance

Isometric Pull-up Test (43): This test evaluates the individual's capacity to maintain a

static position during a pull-up, which places a significant demand on the shoulder
muscles. The participant grips a pull-up bar with their palms facing away from their
body and their elbows flexed at 90 degrees. They then lift their feet off the ground and
hold their body in a static position for as long as possible. The duration of the hold is
recorded as the test score. Figure 3.5 demonstrates how to perform the Isometric Pull-

up test.
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Chin has to stay
above the bar

Do not swing,
stay as still as possible

An over grip is used

Figure 3.5: Isometric Pull-up Test. Image created by the author using Canva, 2025.

One-minute Push-ups Test (44): This test measures shoulder strength and endurance.

The individual begins in a plank position with hands and toes on the floor, hands should
be shoulder-width apart. They lower their body towards the floor, keeping the elbows
close to the body, then push up back to the starting position. This movement engages
the shoulder muscles extensively. The total number of push-ups performed in one
minute is recorded as the test score. Figure 3.6 demonstrates the 1-Minute Push-up
test. Participants are not allowed to touch the floor with their chest or knees — this will

count as a failure of the test. EIbows have to stay as close as possible to their body.

Elbows should stay close to the body.
Falling down to the floor indicates failure of the test

Figure 3.6: 1-Minute Push-up Test. Image created by the author using Canva, 2025.

Shoulder Press (45): A weightlifting exercise that measures shoulder strength by

pressing a weight overhead from shoulder height. The test score is the number of
repetitions at 60% of the participant’s estimated 1RM, calculated based on their body
weight. The participants will have to do each repetition with the bar lowered to their
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chin and press up to straighten their arms. Figure 3.7 demonstrates a barbell shoulder
press. The barbell must be loaded at 60% of the participant's body weight. Only proper

presses were considered, and the participants were able to fully extend their elbows.

Start under the chin,
Press until elbows are straight

Figure 3.7: Barbell Shoulder Press. Image created by the author using Canva, 2025.

Strength and conditioning coaches advise rugby players not to lift weights until they
are 16 years old (18). Thus, Protocol 1 was designed for 13- to 14-year-olds since they
are still growing, and this protocol only involves body weight. Protocol 2 involved only
weight training exercises for 15- to 16-year-olds since the players can now start with
weight-loading exercises to reach optimal muscle mass. Protocol 3 combined

protocols 1 and 2 for full shoulder strength training and stability capability.
3.7. Standard training vs protocol training

Standard strength and conditioning sessions focus on the upper body as well as the
lower body instead of focusing on specific muscle groups during the sessions. The
standard sessions were completed once a week instead of twice, which means that
the players had fewer days to train everything that was needed. Due to the time limits
at the beginning of the high school calendars, the coaches would rather skip the

conditioning sessions and work on the team’s skills.

The exercises involved caused fatigue and discomfort, especially at the beginning of
the protocols. The participants did stretches after each session to minimise these
discomforts. All weights involved were monitored closely to ensure the participants did
not use weights considered too heavy for their body weight. Appendix 1 outlines all

three protocols as well as the exercises involved during the six weeks.

21



3.7.1. Stability protocol (Protocol 1)

Incorporate proprioceptive training (e.g., ball push-ups, ball planks), plank variations
(side plank on the elbow and straight arm, planking with alternating arm lifts), prone
Y's and T's, prone circles, elbow to straight arm plank movements, and isometric push-
ups. Exercises were conducted in a circuit format with increasing time intervals.
Participants were expected to complete two rounds, consisting of two sets with 30—60
seconds per repetition by the end of the 6 weeks. Table 3.3 demonstrates the training
programme used during Protocol 1. Table 3.3 demonstrates the total layout of

Protocol 1 over the six weeks.

Table 3.3: Protocol 1: Stability training

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

Ball push-ups, ball planks, side plank (elbow / straight arm), plank with alternating
Exercises arm lifts, prone Y's and T's, prone circles, elbow to straight arm plank, and isometric
push-ups

Time (s) 30 35 40 45 50 60

Sets 2 2 2 2 2 2

3.7.2. Resistance protocol (Protocol 2)

Featured flat and incline dumbbell presses, resisted push-ups with an elastic or weight,
seated and standing shoulder presses, bent-over rows with variations of a neutral
dumbbell grip, barbell over grip and barbell reverse grip, upright rows, and battle ropes
with variations of single-arm, alternating and bilateral. Participants started with lower
weights, gradually increasing the weight from 50% to at least 80% of their 1-repetition
maximum (1RM) by the study’s conclusion. The protocol prescribed three to five sets
of 8-12 repetitions for each weight exercise. Battle ropes were increased by 5
repetitions per side. Table 3.4 demonstrates the layout of Protocol 2 over the six

weeks.
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Table 3.4: Protocol 2: Resistance training

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6
Dumbbell bench press (flat / incline), resisted push-ups (weight / elastic), dumbbell
E . shoulder press (seated / standing), bent-over rows (dumbbell neutral grip / barbell
xercises . . ) ; .
over grip / barbell reverse grip), upright rows, battle ropes (single arm / alternating /
bilateral)
Sets 3 3 4 4 5 5
Weight 8 8 10 10 12 12
Repetitions
Battle 25 30 35 40 45 50
Ropes
Weight 50 60 65 70 75 80
(%BW to 1RM)

3.7.3. Combination of stability and resistance protocol (Protocol 3)

Combination exercises from both the Stability and Resistance Protocols, including ball
push-ups, ball planks, plank variations (side plank on the elbow and straight arm,
planking with alternating arm lifts), prone Y's and T's, prone circles, elbow to straight
arm plank movements, and isometric push-ups, and flat and incline dumbbell presses,
resisted push-ups with an elastic or weight, seated and standing shoulder presses,
bent-over rows with variations of a neutral dumbbell grip, barbell over grip and barbell
reverse grip, upright rows, and battle ropes with variations of single-arm, alternating
and bilateral. Participants alternated between resistance training and stability
exercises within each workout session, designed to target specific muscles and

movements essential for shoulder strength and stability in rugby players.

Participants were expected to complete one round, consisting of three to five sets with
30-60 seconds per repetition for the stability training. For the resistance training
participants started with lower weights, gradually increasing the weight from 50% to at
least 80% of their 1-repetition maximum (1RM) by the study’s conclusion. The protocol
prescribed three to five sets of 8—12 repetitions for each weight exercise. Battle ropes

were increased by 5 repetitions per side per week.

Table 3.5 demonstrates the combination layout of Protocols 1 and 2 over the six

weeks.
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Table 3.5: Protocol 3: Combination of stability and resistance training

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

Ball push-ups, ball planks, side plank (elbow / straight arm), plank with alternating
Exercises arm lifts, prone Y's and T's, prone circles, elbow to straight arm plank, and isometric
push-ups

Time (s) 30 35 40 45 50 60

Sets 3 3 4 4 5 5

Dumbbell bench press (flat / incline), resisted push-ups (weight / elastic), dumbbell
shoulder press (seated / standing), bent-over rows (dumbbell neutral grip / barbell

B EE over grip / barbell reverse grip), upright rows, battle ropes (single arm / alternating /
bilateral)
Sets 3 3 4 4 5 5
Weight 8 8 10 10 12 12
Repetitions
Battle 25 30 35 40 45 50
Ropes
Weight 50 60 65 70 75 80
(%BW to 1RM)

3.8. Ethical considerations
3.8.1. Sample and data use and management, storage, and disposal

Ethical clearance was applied from the Human Research Ethics Committee (Medical)
(HREC), University of the Witwatersrand (Appendix 2). Permission to access the
players was obtained from the school principal of a Gauteng high school (Appendix 3).
All potential participants were provided with information sheets (Appendix 4), and
informed consent forms were distributed to parents and guardians (Appendix 5), along
with consent or assent forms for the participants themselves (Appendix 6 and 7).
Participation in this study was contingent upon receiving these consent forms,
ensuring that all participants and their guardians were fully informed and agreed to the

study’s procedures before commencement.

The exercise protocol has caused participants to experience muscle fatigue and
stiffness. To relieve some discomfort, stretches were performed after each session.
Participants and their guardians needed to be informed about the possible discomforts

associated with the study to address any potential concerns.

Data was securely stored in a private office, accessible solely to the Biokineticist

overseeing the study. Additionally, the Biokineticist and the study supervisors were the
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only individuals accessing the collected data. For data analysis and storage purposes,

the biokineticist compiled the results into an Excel file (Appendix 8).

To further ensure the security and confidentiality of the data, it was retained in code
format in cloud storage for a minimum of five years, adhering to data protection and
privacy guidelines. Should any participant wish to see their results, it was made
available upon completion of the study. Additionally, if a guardian requests to view the
participant's results, this was only permitted with the participant's explicit consent,
ensuring compliance with the Protection of Personal Information Act (POPIA) and

respecting the privacy and autonomy of each participant.
3.9. Data analyses

Statistica version 14.2 (StataSoft Inc., Tulsa, OK, USA) was used for all statistical
analysis. Statistical significance was set at p < 0.05. Normally distributed continuous
variables will be presented as mean + standard deviation (SD). The Absolute Change
was recorded per measurement. A repeated measures analysis of variance was used
to compare the effect of the intervention on the intervention group after a six-week

follow-up.
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CHAPTER 4

4. Results

4.1. Baseline measures

At baseline, all participating rugby players (aged 14-19 years) underwent initial tests
based on the specific protocol assigned to their respective age groups. Each protocol was
designed to evaluate key aspects of shoulder function relevant to their developmental

stage and training demands.

Protocol 1: Designed for 14—15-year-old rugby players, this protocol assessed shoulder
stability through a series of standardised tests, which included the Upper Quarter Y-
Balance Test (UQYBT), Push-up Plus test, Scapular Retraction test and the Closed
Kinetic Chain Upper Extremity Shoulder Stabilisation Test (CKCUEST).

Protocol 2: Applied to 16—17-year-old rugby players, this protocol focused on evaluating
shoulder strength using appropriate resistance-based tests, which included the Isometric

Pull-up test, 60% Body Weight Shoulder Press test, and the 1-minute Push-ups test.

Protocol 3: Administered to 18—19-year-old rugby players, this protocol incorporated both
shoulder stability and strength tests, providing a comprehensive evaluation of upper-body
function in this age group. All the tests that were conducted in protocols 1 and 2 were
used in Protocol 3, that is, the Upper Quarter Y-Balance Test (UQYBT), Push-up Plus
test, Scapular Retraction test and the Closed Kinetic Chain Upper Extremity Shoulder
Stabilisation Test (CKCUEST) for shoulder stability and the Isometric Pull-up test, 60%
Body Weight Shoulder Press test, and the 1-minute Push-ups test for strength.

These baseline measures established a foundation for assessing the impact of the
respective training interventions and allowed for comparative analysis between pre- and

post-protocol results.
4.2. Adherence and response rate

A total of 160 rugby players were initially recruited for the study. Of these, 142 (88.75%)
fully adhered to their assigned protocol (either the control group or intervention group),
completing all required testing and training sessions. The adherence rate was high across

all protocol groups, with most participants remaining committed to the study despite
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various external factors such as academic commitments, provincial rugby obligations,
and personal reasons, contributing to the 18 players with unusable data. The final group

numbers are presented in Table 4.1.

Table 4.1: Protocol group numbers and total dropouts

Intervention group Control group Total

Protocol Irt‘:slfl Retest Dropouts Irt‘:slrl Retest Dropouts L::::
Protocol 1 30 28 2 31 28 3 56
Protocol 2 22 20 2 22 20 2 40
Protocol 3 27 23 4 28 23 5 46
Total 79 71 8 81 71 10 142

It was observed that some participants in the control groups also engaged in extra gym
sessions and exercises as part of their routine. This additional activity outside of what
constituted their standard training programme could have influenced the results observed
in the control groups. According to the methodology, the control groups were intended to
continue with their regular training, which typically involved less frequent and less
specifically targeted strength and conditioning sessions compared to the intervention
protocols. The fact that some control participants undertook extra work, potentially similar
to elements of the intervention protocols, means that their improvements might not solely
reflect the impact of their standard training. This could have potentially reduced the
observed differences between the intervention and control groups, making it more difficult
to isolate the true effectiveness of the stability and resistance training protocols

implemented in this study.

In terms of data completeness, all 142 participants who adhered to the protocol also
provided usable data for both baseline and post-protocol testing, resulting in a 100%
response rate for the participants who completed the programme. This high response

rate allows for a comprehensive analysis of the protocols’ impact across all age groups.
4.3. Changes after six weeks

All of the rugby players were re-tested after 6 weeks. All of the tests were performed in
the same initial sequence. The absolute change and average change percentage have

been calculated to illustrate the extent of improvement within the groups.
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4.3.1 Protocol 1 results

Tables 4.2 and 4.3 represent the results of the UQYBT from Protocol 1 between the

control group and the intervention group. The average total of measurements in Table

4.3 was calculated using the following formula:

Medial + Superolateral + Inferolateral

3

Table 4.2: Protocol 1: u/14 and u/15 UQYBT results

Control Intervention Control Intervention Control Intervention
Right Arm Reach Medial Medial Superolateral | Superolateral | Inferolateral Inferolateral
Baseline test (cm) 102.18+10.53 | 105.0418.28 56.64+13.27 61.43+8.60 63.5£11.23 72.32+9.24
Follow-up test (cm) 105.04+9.60 114.2546.78 62.04+10.93 70.29+8.38 67.4+10.70 82.18+7.75
Mean absolute 2.86 9.21 5.39 8.86 3.96 9.86
change (cm)
p-value <0.001* <0.001* <0.001* <0.001* <0.001* <0.001*
Left Arm Reach Medial Medial Superolateral | Superolateral | Inferolateral Inferolateral
Baseline test (cm) 101.11£10.45 | 104.0£11.12 62.29+15.98 66.5+10.84 61.96+10.40 65.6£11.53
Follow-up test (cm) 104.68+9.41 113.96+8.20 67.46£14.50 77.64+10.94 66.43+10.09 77.21+£10.35
Mean absolute 3.57 9.93 5.18 11.18 4.46 11.57
change (cm)
p-value <0.001* <0.001* <0.001* <0.001* <0.001* <0.001*
Data presented as mean+SD; *p < 0.05 are statistically significant
Table 4.3: Protocol 1: u/14 and u/15 UQYBT total measurements results
Control Intervention
Arm Reach Left Right Left Right
Baseline test (cm) 75.12 74.11 78.7 79.6
Follow-up test (cm) 79.52 78.16 89.60 88.91
Mean absolute change (cm) 4.40 4.05 10.90 9.31

As shown in Tables 4.2 and 4.3, the intervention group demonstrated significant

improvements in the UQYBT compared to the control group (p < 0.001). The mean

absolute change in the total reach distance was significantly higher for the intervention

group (left: 10.90cm, right: 9.31cm) compared to the control group (left: 4.40cm, right:

4.05cm). Figure 4.1 visually represents these improvements across the medial,

superolateral, and inferolateral reach directions for both arms.
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Figure 4.1: Protocol 1: Upper Quarter Y-Balance Test (UQYBT). The UQYBT includes 6

planes that were tested — Left and right arm reach: Medial, Superolateral and Inferolateral. The

test is measured in centimetres.

Table 4.4 and Figure 4.2 represent the results for the remaining shoulder stability tests

(i.e., the Scapular Retraction test, the Push-up Plus test, and the Upper Extremity

Shoulder Stabilisation Test [CKCUEST]). The intervention group showed statistically

significant improvements (p < 0.001) in the Scapular Retraction Test (mean absolute

change: 10.86 seconds vs 1.17 seconds for the control) and the Push-up Plus Test (mean

absolute change: 9.71 repetitions vs 4.50 repetitions for the control). While the control

group showed a non-significant (p = 0.9) change in the CKCUEST, the intervention group

had a significant improvement (p < 0.001) with a mean absolute change of 4.98

repetitions.

Table 4.4: Protocol 1: u/14 and u/15 Shoulder stability tests results

Control Intervention Control Intervention Control Intervention
Scapular Scapular | o h-up Plus | Push-up Plus | CKCUEST CKCUEST
Retraction Retraction (reps) (reps) (reps) (reps)
(sec) (sec) P P P P
Baseline test 5.224+6.87 4.55+4.95 12.25+6.28 12.25+6.82 17.63+£3.33 17.99+3.12
Follow-up test 6.92+7.26 15.41+£7.16 16.75+6.60 21.96+6.24 17.68+2.73 22.96+2.07
Mean absolute 1.17 10.86 4.50 9.71 0.05 4.98
change
p-value <0.001* <0.001* <0.001* <0.001* <09 <0.001*

Data presented as meanSD; *p < 0.05 are statistically significant; Abbreviations: CKCUEST: Closed Kinetic Chain Upper Extremity

Stability Test

29




N\

Scapular Retraction Test

(sec)
Control

Scapular Retraction Test

(sec)
Intervention

Control

Push-up Plus Test

Push-up Plus Test
Intervention

B % Change M Baseline

Post

CKCUEST
Control

22,96

CKCUEST
Intervention

Figure 4.2: Protocol 1: Shoulder stability tests. The tests include the Scapular Retraction test,

which is done in seconds, the Push-up Plus test, which is done in repetitions completed, and the

Upper Extremity Shoulder Stabilisation Test (CKCUEST), which is done in repetitions completed.

4.3.2 Protocol 2 results

Table 4.5 and Figure 4.3 present the results of the shoulder strength tests that were

conducted in Protocol 2, which includes the Isometric Pull-ups Test, the 60% Body Weight

Shoulder Press Test, and 1-minute Push-ups Tests.

Table 4.5: Protocol 2: u/16 and u/17 Strength tests results

Control Intervention Control Intervention Control Intervention
Isometric Isometric 1-min Push- 1-min Push- Shoulder Shoulder
Pull-up (sec) | Pull-up (sec) ups (reps) ups (reps) Press (reps) Press (reps)
Baseline test 31.18+17.66 | 29.91+20.15 | 41.30£14.49 | 40.45+12.05 6.92+4.94 6.62+5.05
Follow-up test | 30.31£17.36 | 33.77+20.72 | 44.80+13.77 | 49.00+21.14 9.961+5.94 13.55+7.33
Meac"hg::'“te -0.87 3.86 3.50 8.55 3.04 6.94
p-value <0.597 <0.001* <0.001* <0.001* <0.001* <0.001*

Data presented as mean+SD; *p < 0.05 are statistically significant
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Figure 4.3: Protocol 2: Shoulder strength tests. Tests include the Isometric Pull-up test done
in seconds, the 1-minute Push-ups test done with a repetition count, and the 60% BW Shoulder

Press test.

The resistance training protocol (Protocol 2) for the u/16 and u/17 rugby players led to
significant improvements (p < 0.001) in all strength measures for the intervention group
compared to the control group. In the Isometric Pull-up Test, the intervention group
showed an average improvement of 3.86 seconds, while the control group experienced
a slight regression of 0.87 seconds—notably, the p-value (p = 0.597) is not considered
statistically significant. In the 1-minute Push-ups Test, the intervention group
demonstrated a greater gain with an average of 8.55 additional repetitions, while the
control group improved by only 3.50 repetitions. The 60% body weight Shoulder Press
saw a more significant disparity, with the intervention group achieving an average
increase of 6.94 repetitions compared to the control group’s improvement of 3.04
repetitions. A few rugby players in the intervention group who could not initially shoulder
press 60% of their body weight could complete at least 1 repetition by the end of the
six-week protocol. These findings collectively suggest that the six-week resistance
training programme was effective in enhancing the shoulder strength of the intervention

group in multiple measures.
4.3.3 Protocol 3 results

Tables 4.6 and 4.7 represent the UQYBT results for the u/18 and u/19 rugby players.
Similar to Protocol 1, the intervention group showed significant improvements (p < 0.001)
in UQYBT reach distances compared to the control group. The mean absolute changes
in total reach distance were: Left: 11.99cm (intervention) vs 3.11cm (control); and right:
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11.19cm (intervention) vs 3.02cm (control). These improvements are visually represented

in Figure 4.4.

Table 4.6: Protocol 3: u/18 and u/19 UQYBT results

Control Intervention Control Intervention Control Intervention
Right Arm Reach Medial Medial Superolateral | Superolateral | Inferolateral Inferolateral
Baseline test (cm) 108.91£11.09 | 110.52+10.73 | 65.91+10.52 64.78+7.98 73.61£13.19 75.00£13.42
Follow-up test (cm) 112.00£11.43 | 119.48+8.82 69.09+£10.35 76.9619.08 76.39+12.46 87.4319.40
Mean absolute 3.09 8.96 3.7 12.17 2.78 12.43
change (cm)
p-value < 0.001* <0.001* <0.001* <0.001* <0.001* <0.001*
Left Arm Reach Medial Medial Superolateral | Superolateral | Inferolateral Inferolateral
Baseline test (cm) 109.04+10.33 | 111.04+11.30 68.91+7.83 65.39+8.14 72.35+11.05 72.87+12.76
Follow-up test (cm) 111.87£10.30 | 119.70£9.23 72.35+7.32 78.17+10.09 75.39+10.61 87.39+8.16
Mean absolute 2.83 8.65 3.43 12.78 3.04 14.52
change (cm)
p-value < 0.001* <0.001* < 0.001* <0.001* <0.001* <0.001*
Data presented as mean+SD; *p < 0.05 are statistically significant
Table 4.7: Protocol 3: u/18 and u/19 UQYBT total measurements results
Control Intervention
Arm Reach Left Right Left Right
Baseline test (cm) 83.43 82.81 83.10 83.43
Follow-up test (cm) 86.54 85.83 95.09 94.62
Mean absolute change (cm) 3.1 3.02 11.99 11.19
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Figure 4.4: Protocol 3: Upper Quarter Y-Balance Test (UQYBT)The UQYBT includes 6 planes
that were tested — Left and right arm reach: Medial, Superolateral and Inferolateral. The test is

measured in centimetres.
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Table 4.8 and Figure 4.5 present the rest of the stability tests in Protocol 3 (i.e., the
Scapular Retraction test, the Push-up Plus Test, and the CKCUEST). The intervention
group exhibited statistically significant improvements (p < 0.001) in the Scapular
Retraction Test (mean absolute change: 17.65 seconds vs 3.19 seconds for the controls)
and the Push-up Plus Test (mean absolute change: 9.00 repetitions vs 3.74 repetitions
for the controls). The CKCUEST also showed a significant improvement (p < 0.001) in
the intervention group (mean absolute change: 2.91 repetitions), while the control group

showed a non-significant change (-0.22 repetitions; p = 0.371).

Table 4.8: Protocol 3: u/18 and u/19 Shoulder stability tests

Control Intervention Control Intervention Control Intervention
Scapular Scapular | o @ h-up Plus | Push-up Plus | CKCUEST | CKCUEST
Retraction Retraction s ) e (reps)
(sec) (sec) P P P P
Baseline test 17.27+10.59 | 22.07+12.83 17.04+5.70 16.48+8.50 15.46+1.98 15.49+1.91
Follow-up test 20.46+11.53 | 39.72+15.04 20.78+5.89 25.48+6.83 15.24+1.76 18.40+2.25
Mean absolute 3.19 17.65 3.74 9.00 -0.22 2.91
change
p-value < 0.001* <0.001* < 0.001* <0.001* <0.371 <0.001*

Data presented as meanSD; *p < 0.05 are statistically significant; Abbreviations: CKCUEST: Closed Kinetic Chain Upper Extremity

Stability Test
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Figure 4.5: Protocol 3: Shoulder stability tests. Tests include the Scapular Retraction test
measured in seconds, the Push-up Plus test measured in repetitions completed, and the Upper

Extremity Shoulder Stabilisation Test (CKCUEST) measured in repetitions completed.

Table 4.9 and Figure 4.6 display the shoulder strength tests for Protocol 3, namely the
Isometric Pull-ups test, the 60% Body Weight Shoulder Press Test, and the 1-minute
Push-ups Test. The combined training protocol resulted in significant improvements

(p < 0.001) in all strength measures for the intervention group compared to the control
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group. In the Isometric Pull-up Test, the intervention group achieved an average increase

of 11.13 seconds, while the control group improved by 2.57 seconds, a difference that

was statistically significant (p = 0.047). For the Shoulder Press using 60% body weight,

the intervention group demonstrated a substantial gain of 6.09 repetitions on average,

compared to the control group's improvement of 1.83 repetitions, with a highly significant

p-value (< 0.001). Similarly, in the 1-minute Push-ups Test, the intervention group showed

a larger increase of 9.30 repetitions on average, while the control group improved by 2.91

repetitions, also with a highly significant p-value (< 0.001). These findings indicate that

the combined stability and resistance training protocol (Protocol 3) was effective in

enhancing the shoulder strength of the older adolescent rugby players.

Table 4.9: Protocol 3: u/18 and u/19 Shoulder strength tests

Control Intervention Control Intervention Control Intervention
Isometric Isometric 1-min Push- 1-min Push- Shoulder Shoulder
Pull-up (sec) | Pull-up (sec) ups (reps) ups (reps) Press (reps) | Press (reps)
Baseline test 37.83£15.56 | 30.07£16.18 | 46.43£12.63 | 41.26+16.55 4.83+4.51 6.43+£5.00
Follow-up test 40.41£15.70 | 41.20+20.18 | 49.35+11.69 | 50.57+13.02 6.65+5.12 12.52+5.66
Meac“h:::'“te 257 1113 2.91 9.30 1.83 6.09
p-value <0.047 <0.001* <0.001* <0.001* <0.001* <0.001*
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Figure 4.6: Protocol 3: Shoulder strength tests. The tests include the Isometric Pull-up test

measured in seconds, the 1-minute Push-ups test measured in repetitions completed, and the

60% BW Shoulder Press test measured in repetitions.
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CHAPTER 5

5. Discussion

5.1. Introduction

This study aimed to evaluate the effectiveness of stability exercises, resistance training,
and a combination of both on shoulder stability and strength in high school rugby players
over a six-week pre-season period. Given the high occurrence of shoulder injuries in
rugby and the lack of structured, age-specific training protocols, this research provides
insight into the effectiveness of a short-duration, pre-season intervention. Baseline
measures were reported before all protocols were followed, and the changes were
recorded after six weeks. The results indicated significant improvements in the shoulders’

general function when it comes to stability and strength.

Few studies have evaluated the relationship between shoulder stability and strength
following a short-term protocol, particularly in school rugby players. This is considered a
massive research gap since 82.13% of South Africa’s rugby population consists of school
players (primary school: 50.67%; high school: 31.46%) (46). Although previous studies
have explored shoulder function improvements in rugby players (47-49), they targeted
professional players aged 18 years and older, leaving a research gap in high school rugby
players. Table 5.1 highlights the key findings of our study, indicating that age-specific

training protocols can lead to significant improvements in shoulder function.

Table 5.1: Summary table of objectives and findings

Objectives Key findings related to objectives

1. Determine baseline measures of
shoulder stability and shoulder strength | All initial tests revealed a similar mean result,
in school-level rugby players aged 13-19 | ensuring equal starting grounds.
years.

There was an increase in shoulder stability in
2. Compare the changes following six | Protocol 1.

weeks of stability and/or resistance | There was an increase in shoulder strength

training interventions designed to | in Protocol 2.

improve shoulder stability and strength. | There was an increase in shoulder stability
and strength in Protocol 3.
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5.2. Emerging themes from the thesis:
5.2.1. Theme 1: Enhanced shoulder stability through targeted training

The results from Protocol 1 (14—-15-year-olds) strongly suggest that a stability-focused
training programme is highly effective in improving shoulder stability in younger
adolescent rugby players. The significant improvements (p = 0.001) observed in the
UQYBT, Scapular Retraction Test, and Push-up Plus Test align with the understanding
that neuromuscular training, particularly proprioceptive exercises, plays a critical role in

developing joint stability during this developmental stage (6).

As demonstrated in the results, the Protocol 1 intervention group showed notable gains
in the UQYBT. Schwiertz et al. (50) found that the UQYBT is a reliable measure in this
age group, with 14-15-year-olds (n=340, aged between 12 and 17 years) showing
generally higher achievement compared to the other age groups of 12—13-year-olds and
16-17-year-olds. Although this study did not recruit rugby players only, they did involve
athletes only, which means the participants did some form of sports activity. To this end,
our findings of substantial improvements in the intervention group’s reach distance
indicate the efficacy of the implemented stability exercises (e.g., ball push-ups, planks,
prone Y’s and T’s, prone circles). Notably, our senior players from Protocol 3 showed a
slightly higher improvement compared to Protocol 1. This suggests that while focused
stability work in younger athletes is crucial, older adolescents in a combined programme
also benefit significantly in this area. However, the Protocol 1 control group improved
more than the Protocol 3 control group following their respective programmes, with
results of 1.29cm more on the left-side reach and 1.03cm more on the right-side reach.
This can be because the senior rugby players usually focus more on weight and
resistance training compared to stability training. While Schwiertz et al. (50) provided
normative values, our study demonstrates that targeted training can lead to significant
positive changes within a short six-week timeframe—Protocol 1 showed more stability

improvement compared to strength gains as the former was its main focus.

Furthermore, the intervention group in Protocol 1 demonstrated considerably larger
improvements in the rest of their stability tests. These results indicate the significant
effectiveness of Protocol 1 (p = 0.001). Notably, our results appear better compared to
previous studies by Singh et al. (51) (n=51 rugby players aged 18-35 years old, following
a twelve-week stability protocol) and Ashworth et al. (52) (n=18 elite rugby players, with
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a mean age of 22.4 years old). However, this can be due to the inclusion of shoulder

injuries in previous work, which were not included in this study.

The greater improvement in the Protocol 1 intervention group compared to their control
group and the observation that they achieved comparable or even slightly larger
improvements in some UQYBT measures compared to the Protocol 3 intervention group
highlight the importance of early emphasis on fundamental shoulder stability, which may
lay a foundation for more complex training later on. This aligns with the understanding
that younger adolescents experience rapid growth spurts, which can lead to temporary
strength imbalances and reduced coordination, making stability training a crucial
foundation (8). These findings are consistent with the recommendations of Roberts et al.
(13) and Suarez-Garcia et al. (14), who also found that stability exercises contribute to
enhanced shoulder stability in rugby players. It is essential to consider, however, that
individual responses to training can vary, potentially due to factors like prior training
history, which were not strictly controlled in this school setting. Nevertheless, the findings
strongly support the value of targeted stability training for enhancing shoulder stability in
rugby players. While some previous studies on stability showed great results, our study’s
findings are significant in the context of adolescent athletes without known prior shoulder

injuries.

Rogowski et al. (47) did an intervention which included 18-year-old male rugby union
players (n=86) with healthy shoulders. They determined the baseline shoulder stability of
the players by using the UQYBT. All players followed their routine gym programme as set
by the rugby union, which included more weight-lifting exercises like shoulder press,
bench press, bent-over rows, etc. The players were retested after 4.5 months and showed

statistically significant (p < 0.001) stability improvements.

In a study done by Suarez-Garcia et al. (14), thirty rugby players (n=15 control group,
n=15 intervention group) with a mean age of 25.13 years participated in their intervention
that only lasted four weeks. The pre-tests included the UQYBT and the CKCUEST. The
intervention group followed bilateral exercises that included plyometrics, proprioception
and strength exercises. The participants only exercised 15 minutes a day. What sets
Suarez-Garcia’s study apart from ours is the fact that they only exercised half the time,
were older participants and had a 2-week shorter programme. This is thus not directly
comparable even though the results also indicated a significant difference between
improvement of the study groups (p < 0.001). Our study, focusing on a younger
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demographic and a slightly longer duration, further underscores the potential for rapid
stability improvements with targeted exercises, even within the constraints of a school

sports programme.

5.2.2. Theme 2: The impact of resistance training on shoulder strength in mid-

adolescence

Protocol 2 (16-17-year-olds) demonstrated that resistance training is an effective
modality for enhancing shoulder strength in mid-adolescent rugby players. The significant
improvements (p = 0.001) in the Isometric Pull-up Test, Shoulder Press, and 1-minute
Push-ups strongly support the principle of progressive overload for strength development

in individuals with a greater degree of musculoskeletal maturity (29).

The results clearly showed a substantial percentage increase in the Shoulder Press for
the intervention group compared to the control group. This significant difference highlights
the effectiveness of the chosen resistance exercises, which included flat and incline
dumbbell presses, resisted push-ups (with elastic or weight), seated and standing
dumbbell shoulder presses, bent-over rows (with neutral, over, and reverse barbell grips),
upright rows, and battle ropes. These exercises were designed to target various muscle
groups involved in shoulder strength and function, with a progression from lower weights
(50% of estimated 1RM) to at least 80% by the end of the six weeks. The fact that some
participants who initially could not perform a 60% body weight shoulder press managed
to complete repetitions post-programme further underscores the impact of this protocol,
resulting in a massive 60.8% improvement rate compared to the control group. These
results correspond to studies by Salles et al. (53) and Hernandez-Belmonte et al. (54)
that followed shoulder protocols for eight to ten weeks and also had great results. Salles
et al. did a study on general male athletes (n=90) with a mean age of 20 years old, which
included weight training only. After the eight weeks, the intervention group who focused
on increased weight training improved in strength whereas the control group stayed the
same. Hernandez-Belmonte et al.’s study tested 48 male participants who were used to
weight training and saw a 17.5% improvement over the control group after ten weeks.
Although these studies prove the effectiveness of the weight training program, it is not

directly comparable to high school rugby players.

While the Isometric Pull-up Test showed a lower percentage change in the intervention

group, the control group even regressed slightly. This might be attributed to the test’s
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reliance on both strength and endurance, whereas Protocol 2 primarily focused on
dynamic strength gains through exercises with repetitions. Compared to Grgic’s et al. (43)
study, which included 16 intervention test-retests of the Isometric Pull-up (n=238 non-
sport-specific athletic males aged 18 years and older), the percentage change should be
higher than 50% when retesting after following a proper protocol that includes weight
training like shoulder press, lat pull-downs, bench press and rows. The relatively smaller
improvement in our study’s intervention group might suggest that while their strength
improved, the specific isometric endurance or stability required for this test was not as
directly targeted. Lat pull-downs and pull-ups were also not included in the programme.
I's possible that incorporating more isometric holds or stability-focused exercises could
yield greater improvements in this specific measure for this age group. Comparing the
Isometric Pull-up results of Protocol 2 with Protocol 3, we see a greater improvement in
the older group who also engaged in stability exercises, suggesting a potential synergistic

effect.

The control group only improved their 1-minute Push-up Test with 3.04 repetitions, and
the intervention improved by 6.94 repetitions. Once again, the lower percentage change
could be due to focusing on strength only, and doing an exercise for 1 minute without rest
requires more endurance (43). Baumgartner et al. (55) found that body weight had an
influence on participants (n=88 male college students with no specific sport) and

improvement came from doing regular bench presses over a period of eight weeks.

The significant strength gains observed in our study after six weeks are noteworthy when
compared to findings from studies with longer intervention periods (53, 54). This highlights
the potential for a focused pre-season resistance programme to yield meaningful strength
improvements even within a limited timeframe, which is practically relevant results for the
practical constraints of school rugby seasons. It holds promise for improving shoulder
strength in mid-adolescent rugby players, potentially enhancing their performance in
activities like tackling and hand-offs. However, as previously mentioned, the lack of
integrated stability exercises in Protocol 2 might explain why the Isometric Pull-up
improvements were not as pronounced as the dynamic strength gains. A review by Behm
et al. (56) suggests that adolescent athletes benefit from combined stability and strength
training, as is more comprehensively addressed in Protocol 3, and that isolated

resistance training may not sufficiently target proprioceptive mechanisms.
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5.2.3. Theme 3: Synergistic benefits of combined stability and strength training

for older adolescents

The 18—19-year-olds in Protocol 3, following a combined stability and resistance training
programme, exhibited balanced and significant improvements (p = 0.001) in both
shoulder stability and strength. This finding underscores the value of a comprehensive
training approach for older adolescent rugby players who require both robust strength for
tackling and collisions and dynamic stability to prevent injuries during high-intensity

gameplay.

The results showed substantial improvements in UQYBT scores in the intervention group,
alongside significant gains in the Scapular Retraction Test and Push-up Plus Test,
demonstrating the positive impact of integrating stability exercises (including ball push-
ups, planks, prone Y’s and T’s) within the combined protocol. Similarly, the significant
increases in all three strength tests—Isometric Pull-up, Shoulder Press, and 1-minute
Push-ups—highlight the continued importance of resistance training (incorporating
dumbbell and barbell exercises, resisted push-ups, and battle ropes) in this more

physically demanding stage of their rugby careers.

While Burkhead et al. (49) and Park et al. (50) demonstrated positive effects of stability
training on shoulder function, often only in rehabilitative contexts, this study indicates that
a combined approach in healthy adolescent athletes can concurrently enhance both
stability and strength to a significant degree within a pre-season timeframe. The
effectiveness of our six-week combined protocol can unfortunately not be compared with
results from longer programme studies due to a significant gap in literature. Nonetheless,
our results suggest that a well-structured, time-efficient pre-season programme can be
highly beneficial for senior school rugby players, preparing them for the physical demands

of the season while potentially mitigating injury risks.

The observation that Protocol 3 yielded the best overall results across both stability and
strength measures strongly supports Behm et al’s (56) suggestion that adolescent
athletes benefit from a combination of stability and strength exercises to target both
strength and proprioceptive mechanisms effectively. This holistic approach ensures that
older players develop the necessary strength for the physical demands of rugby while
simultaneously enhancing the stability required to protect the shoulder joint during high-

impact activities.
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The significant improvements observed in Protocol 3, where older adolescent rugby
players underwent a combined stability and resistance training programme, are
consistent with findings from previous studies that also reported positive outcomes with
mixed exercise programmes within a short timeframe (57, 58). These earlier studies, like
ours, demonstrate that interventions incorporating both stability and resistance exercises
can be effective in enhancing shoulder function without solely focusing on stability

training.

Overall, Protocol 3 showed the most balanced improvements in both stability and
strength, suggesting that a combined training approach is particularly beneficial for older
adolescent rugby players preparing for the higher physical demands of more competitive

levels (7).
5.3. Individual and environmental influences on adaptation

Individual inconsistency in response to training highlights the importance of personalised
programming. Some of these rugby players may have adapted better to the protocol or
even the normal control group programme due to prior strength training experience or
natural physical talents. On the same note, some may have struggled more even during
the intervention due to physical predisposition or weakness. Excessive fatigue when
overtraining and trying to do too much in a session could have limited gains in certain

performance markers (59).

Recovery strategies and workload balance likely influenced adaptation rates since only a
few of the participants had the discipline to plan their schedules better and the study did
not control training loads outside the intervention, which also may have varied between
participants and influenced individual responses. The potential impact of delayed-onset

of muscle soreness (DOMS) could also have impacted the post-intervention tests.

Another external influence includes the training environment. Although the protocols were
standardised, factors including sleep, nutrition, and other physical activities could have
contributed to inter-individual result differences. Research discovered that sleep
deprivation can potentially impact muscle recovery and strength gains (60), limiting
results over the three groups. These external factors should be considered when
interpreting the magnitude of the observed changes and when designing future

interventions.
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5.4. Strengths of the study

The study addressed a critical gap in adolescent school rugby training and shoulder injury
prevention by focusing on this specific demographic. Existing literature predominantly
focuses on elite athletes or adults. The development of age-specific training guidelines
and protocols (Protocol 1 for 14—15-year-olds focusing on stability, Protocol 2 for 16—17-
year-olds transitioning to strength, and Protocol 3 for 17—19-year-olds combining strength
and stability) is a key strength, as it considers the varying physical and physiological

changes during adolescence.

The study implemented a short, time-efficient pre-season programme of six weeks, which
addresses the practical constraints faced by school-level athletes with demanding
schedules and limited training windows before competitions begin. The protocol was
designed for seamless integration into existing training routines. The randomised
controlled trial design allowed for a comparison of the effects of different training protocols
(stability, resistance, and combined) against a control group, providing a strong basis for

inferring causality.

The study had a high adherence rate of 88.75%, indicating that the participants were
committed to the protocols, and the findings are likely based on a consistent intervention.
Additionally, a 100% response rate for participants who completed the programme

ensures a comprehensive analysis.

The study used validated tests to measure shoulder stability (Upper Quarter Y-Balance
Test (UQYBT), Scapular Retraction Test, Push-Up Plus Test, Closed Kinetic Chain Upper
Extremity Shoulder Stabilisation Test (CKCUEST)) and strength (Isometric Pull-up Test,
1-Minute Push-ups Test, 60% Body Weight Shoulder Press Test), enhancing the
reliability and validity of the findings. The document mentions instructions for setup and

measurement for accu racy.

The research was conducted in a real-world setting at the school's high-performance
centre and supervised by a registered Biokineticist who had an existing relationship with
the participants, increasing the ecological validity of the findings for this specific

population.

The study explicitly considered ethical considerations, including obtaining ethical

clearance, permission from the school, informed consent from parents/guardians and
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participants (including assent for minors), and outlining data management and

confidentiality procedures in line with POPIA.

The findings provide practical implications for rugby coaches and practitioners by offering
evidence-based insights into effective training strategies for different age groups of school

rugby players.
5.5. Limitations

Although this study provides valuable insights, several limitations should be considered.
The inherent challenges of maintaining consistent training adherence in a school setting,
coupled with the lack of control over external factors such as individual training habits
outside the protocol, nutrition, and sleep, could have influenced the variability in
responses. The study's focus on a single high school in a specific region also limits the

generalisability of the findings to broader or more diverse rugby populations.

Future research could explore the long-term effects of these age-specific protocols on
injury incidence and playing performance. Incorporating detailed anthropometric
measurements and tracking training loads more rigorously could provide further insights
into individual responses to different training modalities. Additionally, investigating the
optimal balance between stability and resistance training within a combined programme
for older adolescents would be beneficial. Future studies could also explore the potential
benefits of incorporating low-load resistance training into stability programmes for
younger athletes to enhance strength development while safeguarding joint integrity.
Furthermore, expanding the study to include multiple schools or regions would enhance
the generalisability of the findings. Finally, acknowledging and accounting for external
factors such as sleep, nutrition, and the overall well-being of the participants would

contribute to a more comprehensive understanding of training adaptations.

In conclusion, this study provides evidence for the effectiveness of age-specific shoulder
training interventions in high school rugby players. Prioritising stability for younger
athletes and adopting a combined approach for older athletes appear to be effective
strategies for improving shoulder function in a short pre-season timeframe. These
findings have practical implications for coaches and practitioners aiming to enhance

performance and reduce injury risk in young rugby players.
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CHAPTER 6

6. Conclusion and Recommendations

6.1. Conclusion

This study provides valuable insights into the effects of stability exercises, resistance
training, and a combined approach on shoulder stability and strength in high school rugby
players. The findings highlight the importance of age-specific training interventions, with
controlled stability exercises proving most effective for younger athletes (14—15 years)
during their developing stage, and a combined approach for players in their mid-
adolescent to senior high school players (16—19 years). The study confirms the role of
structured pre-season training in enhancing shoulder function, which can be done in a

shorter period of time and potentially reduces injury risk.

By following these protocols and including them in weekly training programmes, coaches
and biokineticists can better prepare young athletes for the physical demands of this high-

impact sport, ensuring they reach their optimal strength goal in time.

While this study provides numerous effective insights, certain limitations should be
acknowledged, including participant commitment due to after-school activities,
uncontrolled external factors like academic responsibilities, natural predispositions,
nutrition, sleep and self-care routines, excessive fatigue or mental health of the
participants. The sample size using a single school also limited the study, and future

research should use a broader spectrum of rugby players.

The study also lacked detailed tracking of anthropometric measurements and training
loads, which could offer greater clarity on individual training responses in future research.
Notably, participants with current shoulder injuries were excluded, presenting an
opportunity for future studies to explore the application of these protocols in rehabilitation
contexts. Additionally, the potential influence of some control group participants engaging
in extra training outside their standard programme might have reduced the observed

differences between the intervention and control groups.

Despite these limitations, the study highlights that strength gains were particularly
noticeable in the 16—17-year-old group (Protocol 2), reinforcing the efficacy of structured
resistance training for this age group. Ultimately, the findings support the implementation
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of age-appropriate, structured pre-season training programmes concentrated on
enhancing shoulder stability and strength to better prepare young rugby players for the

demands of the sport and potentially mitigate injury risks.

In conclusion, the results support the need for well-structured, progressive training
strategies, aligning with adolescent athletes’ developmental stages in a set time-frame.
By integrating stability and strength components appropriately, rugby players can improve
overall shoulder function, ultimately contributing to enhanced performance and

preventing injury in the sport.
6.2. Recommendation for future research

After evaluating the results, a few notes can be taken away to improve future research

regarding this study and the effectiveness thereof.

Future studies could explore the long-term effects of these training protocols on shoulder
stability and strength, as well as their impact on performance in competitive rugby. Since
previous shoulder injuries were excluded, future studies can include these participants in
order to examine the recovery rate and see if the shoulder can obtain average strength
compared to the age group. Detailed anthropometric assessments should be done

regularly.

Research should also look to assess whether extending the duration of stability training
or incorporating low-load resistance training in the younger group, could enhance

strength while maintaining joint integrity.

External factors should be taken into consideration, especially if the participants already
have a tight schedule that overloads their muscles. Their well-being should be considered

since a low mental state will influence training performance.

Future research should aim to expand the sample size by including multi-school or
regional comparisons to assess whether similar training adaptations occur in different

competitive environments.

Finally, key highlights include that stability exercises were most effective for younger
players (14—-15 years), while strength and stability training will have greater benefits for
older athletes (16—19 years). Anthropometric factors, including skeletal maturity, muscle

mass, and neuromuscular coordination, influenced training responses, which
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emphasised the need for personalised age-appropriate training strategies. Strength gains
were most notable in the 16-17-year-old group, underscoring the importance of
structured resistance training once athletes reach sufficient musculoskeletal maturity.
Commitment to training, academic demands, and other lifestyle factors impacted
performance outcomes, suggesting the need for better integration of training into athletes'
schedules. Lastly, the findings reinforce the importance of structured pre-season training
programmes in a limited time frame to enhance shoulder stability and strength, ultimately

reducing injury risk in young rugby players.
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8. Appendices

8.1. Appendix 1: Protocols and Exercises

Protocol 1: Stability Training

Week 1

Week 2

Week 3

Week 4

Week 5

Week 6

Ball push-ups, ball planks, side plank (elbow / straight arm), plank with alternating
arm lifts, prone Y's and T's, prone circles, elbow to straight arm plank, isometric

Exercises
push-ups
Time (s) 30 35 40 45 50 60
Sets 2 2 2 2 2 2
Protocol 2: Resistance
Week 1 Week 2 Week 3 Week 4 Week 5 Week 6
Dumbbell bench press (flat / incline), resisted push-ups (weight / elastic), dumbbell
E . shoulder press (seated / standing), bent-over rows (dumbbell neutral grip / barbell
xercises : ) . ; .
over grip / barbell reverse grip), upright rows, battle ropes (single arm / alternating /
bilateral)
Sets 3 3 4 4 5 5
Weight 8 8 10 10 12 12
Repetitions
|gattle 25 30 35 40 45 50
opes
Weight 50 60 65 70 75 80
(%BW to 1RM)
Protocol 3: Stability and Resistance
Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

Ball push-ups, ball planks, side plank (elbow / straight arm), plank with alternating
arm lifts, prone Y's and T's, prone circles, elbow to straight arm plank, isometric

Exercises
push-ups
Time (s) 30 35 40 45 50 60
Sets 3 3 4 4 5 5
Dumbbell bench press (flat / incline), resisted push-ups (weight / elastic), dumbbell
E . shoulder press (seated / standing), bent-over rows (dumbbell neutral grip / barbell
xercises . ) . ; .
over grip / barbell reverse grip), upright rows, battle ropes (single arm / alternating /
bilateral)
Sets 3 3 4 4 5 5
Weight 8 8 10 10 12 12
Repetitions
Battle 25 30 35 40 45 50
Ropes
Weight
(%BW to 1RM) 50 60 65 70 75 80
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Protocol 1 & 3 Exercises for Stability

Ball Push-ups Ball Planks

Participants have volunteered and given consent to photo’s
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Protocol 2 & 3 Exercises for Resistance

Seated Dumbbell Shoulder press

s 0

Standing Dumbbell Shoulder Press

Bent-over Du

w i N

Battle Ropes

Bilateral

#

Participants have volunteered and given consent to photo’s
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8.2. Appendix 2: Ethics Clearance Certificate
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WITWATERSRAND, g 1\ 7%
JOHANNISBURG
EC-250208-004 Mrs Limeri Smal
HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)

CLEARANCE CERTIFICATE NO. M240822

NA_ME: Mrs Limeri Smal

Eﬁéﬂmﬁnﬁaéumm MSc (Med) Biokinetics

DEPARTMENT: Exercise Science and Sport Medicine

STUDY SITE(S): High-Performance Centre of Hoér Volkskool Heidelberg
TITLE: The Effectiveness of Stability Exercises and Resistance Training

in Improving Shoulder Stability and Shoulder Strength in
School Rugby Players
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This clearance certificate is valid for 5 years from _q;te of approval. Extefision may be applied for.
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convened meeting each year until study is closed. Failure to submit annual report will result in ethics
clearance cerlificate suspension. The date for annual re-certification will be one year after the date
of convened meeting where the study was mnitially reviewed. Unreported changes to the application
may invalidate the clearance given by the HREC (Medical). Email a signed copy of ethics clearance

certificgie to HREC-Medical ResezarchOffice@wits.ac za
1270172025

Princlpaf Investigator Signature Date

PLEASE QUOTE THE PROTOCOL NUMBER IN ALL ENQUIRIES

54



8.3. Appendix 3: Approval Letter from School

HOER VOLKSKOOL HEIDELBERG

Posbus 215, Heidelberg, Gauteng, 1438
Tel: (016) 341 3165/6 Faks: (016) 341 3987 E-pos: hvhadmin@lantic.net

22 September 2023

Good day Mrs. L. Smal

It is with great pleasure that | can inform you that your request to conduct your study, titled “The
Effectiveness of Stability Exercises and Resistance Training in Improving Shoulder Stability
and Shoulder Strength in School Rugby Players™ to complete your MSc Med in Biokinetics, is
approved by Hoér Volkskool Heidelberg and its SGB.

We will support you as far as possible and wish you the best of luck. We look forward to hopefully
seeing positive and beneficial results in all of our rugby players and trust everyone will be treated
well with safety first in mind.

We also trust that all the correct procedures will be followed.

Regards [}

J.J.'BOTHA
(PRINCIPAL)
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8.4. Appendix 4: Information Sheet

UNIVERSITY OF THE

WITWATERSRAND, Y&/
JOHANNESBURG

)FACULTYOF
[EALTH SCIENCES

Good day

My name is Limeri Smal, a Masters student at the University of the Witwatersrand. My supervisors are
Professor Philippe Gradidge, Ms Natalia Neophytou, and Ms Merling Phaswana, who are employed at
the University of the Witwatersrand Centre for Exercise Science and Sports Medicine. | am conducting
a study about shoulder strength and stability, titted “The Effectiveness of Stability Exercises and
Resistance Training in Improving Shoulder Stability and Shoulder Strength in School Rugby

Players.”

I am inviting your child to participate in a six-week school-level rugby exercise protocol that will take
place during their scheduled conditioning sessions at Hoér Volkskool Heidelberg's High-Performance

Centre / Limeri Smal Biokineticist, which is located under the main pavilion next to the A-rugby field.

With your, as well as your child’s consent, | would like to conduct strength and stability tests (1-minute
Push-ups, Pull-up Test, Shoulder Stability Y-Test, etc.), which after they will follow a six-week protocol
to strengthen their shoulders, and then re-test after the 6 weeks to compare and see if there are any

changes.

During the research, | will need their personal information, including age, height, and weight. They would
also need to report any chronic medication and injuries. All information will be treated strictly confidential
and anonymous. When results are shared, no names or any form of identification will be named. With
your, as well as your child’s consent, other researchers may use the data collected from this study, but

no personal information will be passed on.

This study is completely voluntary. Your child may stop being in the study at any time. They do not have
to do anything that they do not want to do. They will not be treated differently or be negatively impacted
if they choose not to participate. Taking part in this study will not cost anything. No one will be paid to

participate.

The risk of this study will be minor to none since the exercises may in general strengthen the participants
and may only cause discomfort due to the intensity of the sessions. If the participant is too
uncomfortable, they may stop at any time. The coaches will be supervising to ensure commitment and
attendance, while the Biokineticist will ensure that all exercises are followed and done correctly. All
aged-appropriate players will be able to join the testing if they are part of the rugby group that trains

daily. All participants will do stretches afterward to minimise discomfort.
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Potential Risks Precautions

o i All weights will be monitored to ensure no participants lift a heavier weight
Injuries in sessions )
than prescribed.

All results will be kept in a private office where only the Biokineticist will

Working with private, have access to the data.

personal information No personal information about the participants that does not pertain to

the study will be shared with others.

The study may be beneficial because the participants will be doing shoulder exercises that may

strengthen their shoulders and prevent injuries.

The research report and results will be available on the University library. A summary of this report can
be sent to you on request.

The research study has received ethical clearance from the University of the Witwatersrand MED23-10-
274, certificate number M240822.

If you have any questions regarding this study during or afterward, please do not hesitate to contact me
or my supervisors. If you have any concerns or complaints about the ethical procedures of this research
study, you are welcome to contact the University Human Research Ethics Committee (Non-Medical),
telephone +27(0) 11 717 1408, email hrecnon-medical@wits.ac.za.

Yours sincerely,
Limeri
Researcher:

Limeri Smal, 1723900@students.wits.ac.za, 082 050 9109

Supervisors:
Dr. Merling Phaswana, merling.phaswana@wits.ac.za, 011 717 3231
Prof. Philippe Gradidge, philippe.gradidge@uwits.ac.za, 011 717 3363

Dr. Natalia Neophytou, natalia.neophytou@uwits.ac.za, 011 717 3368
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8.5. Appendix 5: Parent / Guardian Consent Form

WITS é
UNIVERSITY V

Consent Form — Parent / Guardian

Project Title: The Effectiveness of Stability Exercises and Resistance Training in

Improving Shoulder Stability and Shoulder Strength in School Rugby Players

l, consent to allow my child,

to participate in this research

study.

| agree to the following (Please circle the relevant option):

The study was explained to me and | understand what it is

YES NO
about.
| understand that it is completely voluntary and my child can

YES NO
stop at any given time.
| agree that all personal information about my child may be

YES NO

used.
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| agree that my child’s information will be completely

YES
anonymous and will not be shared with any other researcher.
| agree that other researchers may use my child’s
information (depending on their own ethics clearance being YES
obtained) but my child’'s name and any other personal
information will remain anonymous.
| understand that | may ask questions at any time. YES

Name of parent or guardian

NO

NO

NO

Date

Signature or mark of parent

Name of Researcher

Signature

Date
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8.6. Appendix 6: Participant Consent Form

WITS é
UNIVERSITY V

Consent Form — Participant 18+

Project Title: The Effectiveness of Stability Exercises and Resistance Training in

Improving Shoulder Stability and Shoulder Strength in School Rugby Players

l, agree to participate in this

research study.

| agree to the following (Please circle the relevant option):

The study was explained to me and | understand what it is

YES NO
about.
| understand that it is completely voluntary and | can stop at

YES NO
any given time.
| agree that all my personal information may be used. YES NO
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| agree that my information will be completely anonymous

and will not be shared with any other researcher.

| agree that other researchers may use my information
(depending on their own ethics clearance being obtained)
but my name and any other personal information will remain

anonymous.

| understand that | may ask questions at any time.

Name of participant

YES

YES

YES

NO

NO

NO

Date

Signature

Name of Researcher

Signature

Date
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8.7. Appendix 7: Minor Participant Assent Form

WITS é
UNIVERSITY V

Assent Form — Minor Participant

Project Title: The Effectiveness of Stability Exercises and Resistance Training in

Improving Shoulder Stability and Shoulder Strength in School Rugby Players

l, agree to participate in this

research study.

| agree to the following (Please circle the relevant option):

The study was explained to me and | understand what it is

YES NO
about.
| understand that it is completely voluntary and | can stop at

YES NO
any given time.
| agree that all my personal information may be used. YES NO
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| agree that my information will be completely anonymous

and will not be shared with any other researcher.

| agree that other researchers may use my information
(depending on their own ethics clearance being obtained)
but my name and any other personal information will remain

anonymous.

| understand that | may ask questions at any time.

Name of participant

YES

YES

YES

NO

NO

NO

Date

Signature

Name of Researcher

Signature

Date
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8.8. Appendix 8: Data Sheets

Protocol 1: Control Group = RED; Intervention Group = GREEN

Scpuiar
Rusgtry ‘Y-Balamce Test Retraction
Farticipant Faosition Height Wareight Test [s=d
IL-Sige % Change L-Top -Top SChange  L-Bottom  L-Sottom % Change R-Side. % Change RTop R-Top % Change__ R-Boftom __R-Gottom % Change
o 3 174,00 7E80 57,00 103 22,00 44,00 4,78 3400 54,00 0.0 87,00 3,73 54,00 68,00 6,23 45,00 22,00 233 3,47
o = 175,00 =000 57,00 a12 28,00 31,00 625 £3.00 55,00 347 104,00 ) 55,00 £E.00 1,54 az00 54,00 1331 463
o = 174,00 B5.30 100,00 3,00 58,00 72,00 3,88 3800 51,00 517 93,00 3,26 52,00 68,00 95,68 £3.00 §3,00 a2 271
o -] 139,00 AT 00 101,00 0,95 4400 48,00 .09 3000 5700 1200 9€,00 &23 48,00 32,00 833 43.00 56,00 1479 342
o = 135,00 2500 111,00 721 23,00 72,00 612 3200 38,00 1373 103,00 a7E 52,00 5,00 11,29 3100 52,00 358 263
o -] 166,00 I3.00 124,00 o81 &1.00 E8,00 11,48 €3.00 7000 759 1i4.00 73 66,00 72,00 .09 E7.00 7400 1043 431
o B 171,00 700 108,00 27E 32,00 38,00 11,38 35,00 62,00 .08 113,00 E15 72,00 75,00 5,72 £2.00 TZ00 1230 4,58
o B 167,00 5,50 117,00 2,36 73,00 75,00 8,22 62,00 64,00 323 114,00 ELEY 73,00 78,00 6,83 E3,00 66,00 1358 1,82
o = 158,00 7100 102,00 358 28,00 31,00 39,21 3700 52,00 19,30 105,00 o5 35,00 43,00 23,08 3200 54,00 308 27
o B 162,00 2500 118,00 -3,35 73,00 7E,00 4,00 TH,00 74,00 a3 117,00 2,38 23,00 53,00 2,13 ET.00 70,00 448 3,38
o = 159,00 5700 118,00 &7z 51,00 28,00 5,80 £7.00 57,00 0,00 118,00 o2 70,00 72,00 2,88 £3.00 55,00 275 ELEY
o = 171,00 37.90 109,00 052 73,00 7E.00 133 54,00 32,00 L EE] 113,00 oEs 7,00 53,00 -2,06 73.00 51,00 233 2,84
o B 130,00 2200 108,00 ER-2) =5,00 64,00 847 £3.00 55,00 478 53,00 3,03 55,00 38,00 5,43 3200 53,00 8285 473
o = 130,00 =800 104,00 3,83 56,00 £8,00 3,03 72.00 74,00 278 107,00 187 56,00 5,00 4,33 33.00 51,00 1509 228
o = 172,00 30,00 108,00 a,3% =1,00 24,00 3,70 E2,00 BB,00 73T 108,00 0,53 24,00 26,00 2,38 23,00 BE,D0 333 3,28
o B 158,00 36,70 E7.00 3,73 1,00 72,00 141 £2.00 63,00 151 82,00 578 SE,00 74,00 441 £2.00 62,00 0,00 5,53
o = 182,00 =100 55,00 a21 54,00 3,00 1,96 72,00 74,00 2,78 35,00 1,00 &3,00 6,00 1,38 TI00 TE.00 L) 1,48
o = 173,00 115,00 78,00 ER-L 23,00 45,00 13,95 4200 52,00 233 75,00 £33 22,00 31,00 FLES az00 52,00 542 347
o = 164,00 =300 111,00 0,50 36,00 62,00 10,71 7500 24,00 1033 103,00 478 51,00 68,00 11,48 £2,00 7200 433 21,22
o = 182,00 =700 52,00 TEL 32,00 32,00 52,50 3200 5,00 732 50,00 338 34,00 40,00 17,63 3z.00 E2,00 =08 a18
o B 171,00 300 100,00 4,00 53,00 €6,00 478 3400 56,00 370 101,00 257 72,00 76,00 3,36 7100 73,00 zE2 24,78
o -] 176.00 T30 103,00 1,54 Ti.00 74,00 423 73.00 TE.O0 &85 102,00 1,96 TE.O0 51,00 16,67 200 B2,00 15,67 oo
o B 167,00 =300 53,00 za1 38,00 £2.00 6,50 55,00 6E.00 308 34,00 438 5,00 54,00 8,47 £7.00 71,00 357 0,30
o -] 182,00 9,00 EB3,00 337 31,00 38,00 13,73 3200 62,00 &30 92,00 &332 48,00 31,00 6.23 €100 60,00 152 o8
o B 157,00 2500 58,00 E0E 53,00 £5.00 8,32 £5.00 74,00 7S 55,00 3,03 48,00 34,00 12,50 £7.00 70,00 242 130
o B 161,00 300 104,00 3,23 0,00 34,00 8,00 72,00 7E.00 533 111,00 050 31,00 35,00 13,69 &7.00 71,00 357 25,13 2332
o = 168,00 =300 104,00 257 50,00 38,00 16,00 £7.00 74,00 10,45 34,00 332 70,00 78,00 1143 7100 223 118 ERL]
o -] 158,00 =00 57,00 4358 32,00 47,00 36,88 42,00 50,00 21,95 85,00 2,23 30,00 43,00 30,00 45.00 2,00 17,39 1,28 2,98
.85 3.33 395 357 3.18 [T
0,000 B85 0,000 17,666 0,000 2553 0,000 5538 0,000 5,224 0,000 2393 0,000
= 165,00 53,00 103,00 10,68 33,00 62,00 16,58 £4,00 BB,00 a7s 103,00 11 63 TE,00 81,00 6,38 33,00 63,00 10,17 3,09 1256
= 184,00 =200 115,00 5,22 71,00 52,00 13,23 £7.00 52,00 57 113,00 LEL) 72,00 20,00 1141 32,00 52,00 1373 3,63
B 172,00 3,00 115,00 7,23 3,00 72,00 10,77 3,00 TB,00 20,00 134,00 0,73 23,00 52,00 8,24 72,00 B2,00 15,57 31
B 170,00 52,20 105,00 1048 55,00 78,00 13,04 70,00 24,00 1571 103,00 10,48 8,00 75,00 16,18 £3.00 24,00 2252 312
= 171,00 Fo.00 104,00 13,86 53,00 E7.00 633 50,00 68,00 1333 37,00 17,33 57,00 78,00 16,42 £2.00 7200 1230 2,87
B 156,00 ] 115,00 547 50,00 72.00 20,00 7200 25,00 10325 118,00 3,43 20,00 54,00 13,78 £7.00 7,00 1542 3,00
B 163,00 36,00 127,00 137 73,00 84,00 12,00 £7.00 76,00 1343 124,00 162 00 82,00 6,43 37.00 63,00 1202 371
= 168,00 =500 102,00 1876 31,00 64,00 25,459 2,00 TB,00 1471 107,00 10,28 73,00 84,00 13,07 42,00 62,00 =238 2,63
B 163,00 .00 58,00 1122 32,00 64,00 23,08 £2.00 TE.O0 3= 57,00 14,43 42,00 37.00 ELR 45,00 56,00 1557 3,53
= 153,00 5,00 110,00 3,43 39,00 63,00 10,17 32,00 61,00 17,31 97,00 13,46 73,00 84,00 13,07 34,00 63,00 20,37 2,21
B 164,00 =500 108,00 153 71,00 75,00 1127 73.00 E4,00 1307 113,00 263 70,00 24,00 20,00 7000 TE00 1143 342
= 172,00 5000 114,00 3,32 74,00 24,00 13,31 E7.00 53,00 .20 113,00 430 54,00 73,00 17,19 £3,00 7E.00 2000 3,72
B 133,00 520 55,00 EIEL] 55,00 72,00 13,04 70,00 24,00 1371 103,00 14,63 53,00 7E.00 20,63 £2.00 75,00 1542 341
= 167,00 000 113,00 322 73,00 75,00 8,22 7800 53,00 z97 113,00 2,63 71,00 81,00 14,08 20,00 53,00 1123 4,31
-] 173,00 E3.00 88,00 10,20 31,00 &4,00 23,49 73,00 79,00 B2 111,00 T2 72,00 B4,00 16,67 3200 63,00 3259 3.7E
= 163,00 =000 104,00 562 43,00 45,00 13,83 50,00 74,00 =33 75,00 16,48 57,00 35,00 ERC 32.00 70,00 3282 23z
-] 177.00 5700 99,00 16,16 33,00 35,00 11,32 €5.00 E1.00 17339 87.00 12,84 43,00 38,00 Z2E.8B9 E3.00 7400 1383 130
= 174,00 TEO0 100,00 14,00 34,00 67,00 20,07 23,00 51,00 7.05 104,00 14,53 52,00 25,00 43,33 =200 51,00 533 1842
= 187,00 =000 53,00 1368 54,00 74,00 13,63 72,00 53,00 12,05 95,00 4,04 53,00 74,00 13,83 7200 83,00 12,05 L
B 180,00 7200 52,00 5,78 51,00 £4,00 23,23 £2.00 24,00 .70 34,00 12,77 48,00 32,00 8,33 s0.00 74,00 333 0,95
= 173,00 T 53,00 338 52,00 70,00 12,50 23,00 51,00 7.05 51,00 20,828 55,00 84,00 21,74 7300 53,00 12,55 127
B 177,00 700 105,00 1048 54,00 EE.00 343 7700 25,00 1159 104,00 sE2 52,00 73,00 20,57 7300 23,00 1557 200
= 133,00 000 96,00 1845 50,00 71,00 18,33 50,00 22,00 1730 114,00 326 70,00 88,00 2371 8300 33,00 1225 5,26
-] 176.00 SO0 101,00 5,90 F2.00 TE.00 833 E2.00 79,00 16,18 104,00 13,48 TE.00 BE,00 13186 €100 7400 2131 23,08
B 173,00 7100 102,00 5,80 52,00 74,00 15.33 82,00 20,00 1111 100,00 13,00 55,00 74,00 7.23 72.00 88,00 ez 247
B 153,00 52,00 108,00 13 7,00 74,00 10,43 75,00 84,00 533 101,00 ¥ 12 87 70,00 84,00 20,00 23,00 32,00 3,37 132
= 185,00 7500 105,00 T.E2 52,00 35,00 13,25 £2.00 72,00 1271 53,00 40,00 10,53 43,00 35,00 Erk-11 7100 22,00 1531 436
B 176,00 52,00 113,00 X 5,73 50,00 5,00 13,00 5,00 74,00 1212 102,00 2,52 72,00 84,00 16,67 33,00 585,00 2453 AT
3.21 .55 s.35 553 1118 1157
0,000 4811 0,000 -2.61 0,000 -15.13 0,000 26,23 0,000 0,33 0,000 -10.27 0,000
T-TEST - NPAIRED |DIFE BETW. CONTROL WS INTERVENTION] 0,26 .00 .12 o.00 0.0 .00 031 000 0.26 0,00 022 0,00 o658 0.00




Push-up Push-ug CHOWEST
3 Change: Plus Test Fius Test 3 Change

1 1 5 Changs 2 z % Change E] 3 3% Change Avg AvE Awg change
15,34 7.00 2837 20,00 20.00 0,00 13,00 20,00 525 20,00 1 -3.00 15,67 15,57 0,09
=21 8,00 30,00 16,00 18,00 12,30 1300 18,00 .00 13,00 13,33 16,33 17,67 851
11,07 12,00 23,00 20,00 22,00 10,00 zz00 22,00 .00 22,00 4,33 21,33 2067 122
2742 5,00 EE.ET 17,00 18,00 5,88 17.00 17,00 .00 14,00 14,25 16,00 17.00 672
5,25 11,00 3538 zz,00 20,00 -8,09 z1.00 21,00 .00 22,00 oo 21,67 21,00 -3,03
ELR 14,00 TL43 13,00 20,00 3,26 2000 21,00 =00 17,00 17,63 18,67 20,33 230
23,30 5,00 44,49 18,00 18,00 0,00 2000 15,00 -z0.00 15,00 3,26 19,00 17,33 -8.42
162 33 10,00 20,00 16,00 19,00 -6,29 1= 00 15,00 -18,57 20,00 -2, 00 1BE,00 15 33 -14,31
12,23 3,00 40,00 16,00 18,00 12,50 17.00 13,00 1176 17,00 3E8 16,67 18,33 10,05
33,43 B,00 30,00 24,00 21,00 4,17 23,00 z5.00 =70 23,00 13,04 z3,33 25,33 =54
0,31 11,00 34,33 15,00 20,00 5,28 21,00 20,00 478 22,00 13,84 20,67 13,67 -a.38
30,00 z7,00 18,32 17,00 17,00 0,00 23,00 12,00 EEELS 22,00 22,73 0,33 17,33 -13,64
-1z.30 12,00 3233 18,00 15,00 536 13,00 20,00 525 16,00 18,73 17,67 13,33 2,86
248,42 15,00 2667 16,00 17.00 6.23 15,00 16,00 .00 17.00 322 16,33 17.00 204
31,71 5,00 3,36 14,00 19,00 7.14 13,00 14,00 2532 17,00 3,22 16,67 15,00 -8.35
47,68 16,00 31,23 18,00 18,00 0,00 1300 13,00 EE ] 17,00 oo 17,67 1z.00 125
404,09 13,00 3,08 12,00 15,00 23,00 13.00 12,00 759 14,00 714 13,00 14,00 852
235 5,00 3333 5,00 12,00 50,00 .00 13.00 S50 5,00 EEET 833 13,33 53,72
7,20 8,00 Ert ] 16,00 17.00 623 12,00 13,00 .00 21,00 532 18,67 12,33 -1,09
24,54 4,00 123,00 18,00 15,00 3,36 2000 18,00 -10.00 16,00 18,73 18,00 12,67 277
211 24,00 16,67 15,00 20,00 3,26 20,00 20,00 000 15,00 O, 00 19,23 15,67 1.75
£340,00 21,00 14,28 17,00 15,00 11,76 2000 17,00 -13.00 23,00 -17,39 z0,00 18,33 -6,88
350,00 z7.00 33,00 14,81 17,00 16,00 -3,88 z1.00 17,00 -13.03 22,00 27,27 z0,00 18,33 -17,40
115444 17,00 23,33 12,00 14,00 16,67 13,00 15,00 “L0% 12,00 41,11 16,33 15,00 5,17
1BO,TF 15,00 2E,ET 13,00 14, 040 8,67 17,00 1E,00 BEE 23,00 -35,13 1B,33 15 33 -13,20
12 13 12 00 a1 67 17,00 18,00 =5,B8 15, 00 18,00 0,00 20,00 -1%, 00 1B,67 15,00 -3,04
166,5% 5.00 £0,00 .00 14,00 100,00 17.00 17,00 .00 14,00 1300 744 12,67 15,33 35,71
223,08 3,00 120,00 11,00 13,00 18,18 10,00 11,00 10,00 10,00 14,00 40,00 10,33 12 67 22,73

3623 o.000 3224 a.002 -23,327 azss -11mas 0,432 -25.220 0,500 -17.943
31120 10,00 17.00 0,00 17,00 21,00 z3,m3 1300 z2.00 222 17.00 2200 25,41 17,33 2167 505
21626 18,00 23.00 27.7E 23,00 26,00 13,04 zz00 z5,00 1352 20,00 2500 3o.o0 21,67 =67 18,89
123,04 13,00 2600 400,00 24,00 28,00 16,67 2300 zE.00 zi72 ze.00 27.00 3,23 24,33 2767 12,08
11098 8,00 15,00 237,30 19,00 23,00 21,03 17.00 z3,00 3329 1z.00 2100 16,67 18,00 2233 z4.34
17450 5.00 14,00 120,00 13,00 15,00 46,13 13,00 z0.00 3333 16,00 15,00 1E,73 14,67 13,33 2,75
A42S. 67 B.00 25,00 223,00 15,00 24,00 26,32 20,00 23,00 13,00 20,00 22 00 A0, 00 19,67 23,00 17,11
332,29 11,00 25,00 135,36 15,00 23,00 21,03 200 22,00 000 18,00 23,00 7. 7E 19,67 22 67 16 28
433,62 3.00 1z.00 300,00 16,00 22,00 37,30 15,00 z3.00 2373 17.00 2100 2333 16,33 22,00 22,93
123,58 6,00 13,00 190,00 17,00 24,00 41,18 17.00 z3.00 ELEC] 15,00 23,00 43,73 16,67 23,33 20,07
472,73 5,00 00 23,25 16,00 24,00 30,00 21,00 26,00 2321 20,00 23,00 13,00 18,00 24,33 23,60
138,22 12,00 23.00 SLET 20,00 24,00 20,00 23,00 z5.00 270 2100 25.00 23,81 21,33 25,00 17,50
332,34 3.00 12,00 300,00 18,00 23,00 z7.78 1500 z3.00 2778 17.00 23.00 ELEL] 17,67 23,00 30,28
285,44 14,00 2200 400,00 20,00 24,00 20,00 20,00 z5.00 z3.00 17.00 23.00 ELEL] 15,00 24,00 25,76
27773 7.00 13,00 114,25 17,00 24,00 41,18 1300 z3,00 778 16,00 23.00 43,73 17,00 23,33 37,57
30u,32 10,00 2100 110,00 17,00 21,00 z3,m3 17.00 z3,00 3329 16,00 2400 30,00 16,67 22,67 25,27
315,53 12,00 23.00 SLET 11,00 15,00 72,73 1200 z0.00 4235 12,00 2200 23,33 12,33 0,33 56,31
474,67 11,00 15,00 273 10,00 18,00 B0,00 1200 z0.00 5557 13,00 2200 £5,23 11,67 20,00 71,97
35,00 16,00 23.00 36,23 16,00 21,00 31,23 12,00 z2.00 15,79 20,00 2100 .00 18,33 2133 17.35
022,32 8,00 15,00 200,00 16,00 23,00 43,73 2000 z4,00 z0.00 15,00 2400 2532 18,33 23,67 0,02
2383,005 5,00 14 00 1E0, 00 17,00 24,00 41,18 1E.00 24,00 3,33 15,00 23,00 31,38 1E,00 4= 3%, 36
120235 z0.00 3100 33.00 25,00 28,00 7,69 13,00 z7.00 =000 14,00 2600 3,71 18,33 27,00 57.80
193433 20,00 23,00 43,00 18,00 24,00 33,33 13,00 z2.00 15,73 z0,00 23,00 19,00 18,00 23,00 21,37
104,15 33,00 32,00 FLEL 16,00 21,00 31,23 13,00 20,00 33,33 17,00 21,00 23,33 16,00 20,67 23,37
az,37 11,00 22,00 100, 00 12,00 15,00 =8,33 13,00 23,00 TE ST 13,00 22,00 £5,23 12,67 21 =3 BB, 16
538,24 z2.00 2200 27.27 13,00 21,00 40,00 23,00 za,00 -2.00 z3.00 2500 13,04 21,00 23,67 16,35
524,27 z0.00 2200 40,00 23,00 26.00 13,04 23,00 z5.00 .00 za.00 23.00 417 za,00 25,33 574

57,74 B,00 15,00 100,00 13,00 15,00 26,67 13,00 13,00 4513 13,00 21,00 40,00 14,33 13,67 3761
52,70 20,00 25,00 30,00 19,00 24,00 26,32 20,00 22,00 10,00 23,00 22.00 4,33 20.67 22 67 10,66

Protocol 2: Control Group = RED; Intervention Group = GREEN



Body

Rughby A Isometric Pull- Isomeatric Pull- Push-up Test Push-up Test shoulder Press Shoulder Press

Participant Position Height Weight up Hold Test wup Hold Test % change {1 miin) {1 min) % change [60% BW) [60% BW) % change
o F 171 91 25,28 2B, 26 11,79 46,00 51,00 10,87 16,00 22,00 37,50
o F 175 102 0,00 0,00 0,00 38,00 34,00 -10,53 0,10 2,00 1 SO0, 00
o F 173 B4 38,83 12,74 -67,19 &0,00 65,00 8,33 14,00 18,00 28,57
o F 178 74 28,03 30,90 10,24 27,00 35,00 20,63 7,00 10,00 42 86
o F 175 7O 67,74 65,11 -3,BB 60,00 61,00 1,67 10,00 14,00 40,00
o B 182 73 26,22 27,33 4,23 36,00 35,00 8,33 8,00 10,00 25,00
o B 178 54 4415 20,84 -32,41 &0,00 52,00 -13,33 0,00 13,00 44 44
o B 171 65 40,80 42 69 4,40 53,00 54,00 1,80 3,00 8,00 166,67
o B 178 75 42 90 42 E9 -0,23 64,00 66,00 3,13 14,00 16,00 14,29
o B 171 50 51,28 50,21 -2,0% 40,00 43,00 22,50 9,00 13,00 44 44
o B 166 &8 22,05 23,68 7,39 34,00 35,00 5,88 5,00 8,00 &0,00
o F 179 a5 8,13 a,88 21,53 30,00 32,00 5,67 0,10 2,00 1800,00
o F 176 93 0,10 1,25 1150,00 13,00 18,00 38,46 1,00 2,00 100,00
o B 164 55 48,78 50,11 0,66 44,00 48,00 9,05 10,00 14,00 40,00
o B 169 &5 32,54 34,54 5,15 51,00 55,00 7,84 B,00 11,00 37,50
o F 174 &5 49,67 51,47 3,62 44,00 43,00 11, 36 11,00 14,00 27,27
o B 171 69 32,16 34,57 7,49 35,00 45,00 25,00 B, 00 12 D0 50,00
o F 181 B8 26,14 26,77 2,41 48,00 57,00 18,75 2,00 3,00 50,00
o F 177 o9 25,14 32,79 30,43 25,00 28,00 12 00 3,00 7,00 133,33
o F 179 oz 12,46 11,25 -8, 71 17,00 22,00 29,41 0,10 0,10 0,00

T-TEST - PAIRED and SD change

1 F
1 F
1 F
1 F
1 F
1 F
1 B
1 B
1 B
1 B
1 F
1 F
1 F
1 B
1 F
1 F
1 B
1 B
1 B
1 B

T-TEST - PAIRED and 5D change

T-TEST - UNFPAIRED {DIFF BETW. CONTROL VS INTERVENTION)

Protocol 3: Control Group = RED; Intervention Group = GREEN
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Poaliion Body Waight Y-Balancs
Participant Code Helght
L-Sida L-Zlda % Change L-Top L-Top % Change L-Botiom L-Bottom % Change R-Shde R-Shds ‘% Change= R-Top R-Top % Change FR-Sotbom

[+] B 171 65 93 95 215 61 62 162 65 66 1,54 103 105 194 T0 7o 0,00 73

(1] B 179 64 105 106 095 70 70 0,00 62 68 9,68 o5 o/ 421 75 81 8,00 78

(1] F 174 Te 101 a9 -198 42 51 2143 62 66 6,45 123 120 -2,44 62 64 3.23 B4

(1] B 182 77 124 131 5,65 BD g1 1.35 B3 82 -1.20 134 132 -1,49 73 73 0,00 70

(1] F 178 84 103 104 097 68 74 B.B2 7B 80O 2,56 105 109 E¥ 51 &9 71 2,90 72

[1] B 178 6 128 130 156 6l 61 0.00 [ {11 313 o7 111 374 54 &0 1111 63

[1] F 188 a3 121 121 000 71 441 Bl B0 -1.23 04 11 577 TO T8 12 86 B

L] B 173 (1 103 105 1894 52 54 3.E5 74 78 6,76 s 111 183 56 [ 10,71 72

(1] F 175 Qg 106 111 472 T4 ™ 6.76 74 78 5,41 109 110 09z 75 72 -4,00 76

[1] F 174 o] a9 im 202 B2 [ D.E8 74 78 541 100 102 200 54 (1 313 B2

[1] F 175 103 98 =] 102 B2 &0 -3,23 7 78 541 a7 = 206 51 [ 1148 64

[1] B 180 SE 100 105 5.00 65 62 -4,62 63 158 o8 100 204 7B 76 -2,56 B9

(1] B 182 T2 96 100 417 62 63 1.61 66 70 6,06 o9 97 -2.02 T4 T8 541 61

[1] F 178 [ 122 136 328 77 7a 2.60 105 105 oD 1y 124 4.20 79 84 633 B3

[1] B 187 [ 120 122 157 T 78 1143 103 108 291 115 112 -2,61 T4 7 676 g

[+] B 174 &0 108 109 093 73 77 548 74 76 2,70 111 120 811 7B B4 7.69 72

[+] B 171 61 117 123 513 41 49 19,51 52 15,38 105 110 476 61 69 1311 45

(1] B 183 7T 133 132 075 BD ;| 11.25 BE a1 341 132 135 5.30 76 81 6,58 o1

(1] B 177 &7 110 116 545 77 - 2,60 75 74 -133 115 117 174 73 76 411 76

(1] F 169 (] 101 106 495 65 [ 154 58 61 517 104 110 577 62 69 1129 62

[+] B 174 71 111 116 450 78 ™ 128 81 80 -123 114 116 175 79 76 -3,80 68

[+] B 175 7B 106 111 a72 (=1 (=] 7.5 7B 87 1154 104 110 577 59 64 847 71

[+] B 178 T4 100 106 6,00 (=1 [ 6.25 59 62 5,08 106 110 3,77 63 62 -1,59 62

hocoie change | 508 — = 283 se3

-TEST - PAIRED and 5D Change 0,00 259 000 -1,61 0.00 =354 0.00 -0,35 oo 6,54 0.00
F 182 B 114 1158 351 78 &5 B.57 65 72 10,77 113 115 531 65 82 26,15 71

F 17z T 116 113 259 64 b 2031 1 78 1127 111 115 3.60 7z 75 417 76

F 185 7 131 134 220 B4 72 1250 BT a0 345 135 126 080 B0 a7 875 BE

F 177 75 122 125 246 Bl -] 1311 B3 BE 602 116 120 345 55 7 13,85 B

B 183 75 122 130 656 73 &5 15,44 B4 a0 714 1*3 125 163 55 62 12,73 7

F 182 111 108 114 556 43 58 34.E8 ki 86 11,69 106 115 12,26 52 &0 1538 7

F 173 86 114 1248 BT 58 65 17.24 91 a5 420 112 120 714 72 B4 16,67 BO

B 173 69 107 1148 6.54 66 72 5.09 72 76 556 113 120 6.19 (-1 T8 18,18 67

F 178 106 109 120 10,09 Bl & 1311 B2 a1 10,98 111 130 Bl 5B [ 1724 B2

F b 115 94 1p4 10,64 58 & 1897 62 78 2581 o8 106 B.1s 57 L] 21,05 58

B 181 82 114 1248 877 74 ;| 2027 B4 a6 1429 105 121 15,24 72 86 19 44 63

B 171 65 98 112 14,29 63 &7 38,10 62 54 3548 102 116 13,73 61 B4 iz 60

B 184 T2 120 126 5.00 [} 78 1304 97 99 2,06 127 135 6.30 B0 a4 17.50 k-5

B 184 TO 122 132 B20 T4 o0 1392 100 111 11,00 115 137 19,13 T6 as 25,00 &8

F 186 101 122 126 328 66 78 18,18 92 100 870 136 136 0,00 71 B4 1831 i

B 182 a5 109 120 10,09 T2 72 0,00 61 87 42 62 107 109 187 (Y 67 4,69 72

B i7o T 116 1z2a 1121 6l B4 37.70 B3 ag 15,66 17 131 315 71 B 2113 B3

B 180 7 104 118 1154 53 59 11,32 [ 74 21,31 o2 115 12,75 52 a1 1731 &0

F 170 6E a8 111 13,27 71 B6 2113 62 87 40,32 100 116 16,00 T0 87 2429 61

B 174 T2 a9 116 1717 64 ™ 2344 54 78 44 44 106 112 566 &0 7e 31,67 51

F 168 SE il 1oz 1461 65 Ta 2154 62 81 30,65 BE ea 15,12 5B s 24,14 53

B 17z T 115 125 857 65 BT 33.E5 62 B4 3548 11z 130 714 63 T8 2540 62

F 174 T a9 106 707 B2 78 25,1 1 89 25,35 101 116 14,E5 (-3 85 32 81 72

pbcoie coange | T .7 ) 555 12.78

-TEST - PAIRED 0,00 -17,B5 0,00 13,78 0.00 -28,51 0.00 -1832 oD 2392 0.00
-TEST - UNPAIRED [DNFF BETW. CONTROL VS INTERVENTION) 0,62 0,02 0,68 0,01 0,72 0,00 0,53 0,01 0,14 0,03 0,88




Seapulsr Scapular
Retraction Retraction % Change Push-up Plus  Push-up Plus % Changa CHCUEST
Test [sec) Tast [sec) Test Tast
R-Bottom % Change 1 1 % Change 2 z % Change 3 2 % Change Awg Awg Bwg change

T8 411 1315 2532 837 13 1 -5,26 24 25 417 25 26 400 25 Pt -4.00 18,50 18,73 1,04
B2 513 14z 16,32 14,93 13 14 7,69 16 18 12,50 18 19 556 15 18 0,00 1325 14,00 451
B2 -2.38 1422 18,85 33,26 2 23 4,55 13 19 0,00 18 13 000 15 18 0,00 13,00 14,00 0,00
71 143 828 7.25 -12.23 g 16 7778 20 bL:} -5,00 24 15 -25,00 25 13 -24.00 1725 14,00 -13 50
7 684 42,65 45,26 6,12 18 24 33,33 17 12 11.76 17 20 17.65 1E 12 5,56 13,00 14,50 B74
&7 B35 1B.68 21,22 13,54 1 27 28,57 13 ] 526 23 19 -17.38 23 zo -13.04 16,25 14,75 -6,29
B2 500 3251 31,562 -2,74 11 15 35,36 24 25 417 24 25 417 25 23 -B.00 1825 18,25 0,08
78 B33 15.03 18,22 21,22 23 24 2,35 13 1= -5.26 20 13 -10.00 20 12 -5.00 1475 13,75 -5,07
7 13z 3578 42,03 17.47 5 3z 25,00 21 0 478 22 19 -13.64 23 21 -B.70 16,50 15,00 -6,77
65 565 26,89 29,23 566 13 15 35,71 23 2 -8,70 23 20 -13.04 25 21 -16.00 17,75 15,50 -9,43
68 313 16.23 21,02 28,51 7 10 4286 18 1z 0,00 1B 19 5.56 16 18 1250 15,00 13,73 4,51
82 -5.62 2148 23,44 823 11 14 27,27 18 19 5,56 18 20 1111 17 18 5,88 1325 1425 5,64
65 656 723 245 30,71 18 25 35,89 1 21 0,00 22 21 -2.55 21 o 476 16,00 15,50 -2,33
50 EA3 2314 32,16 38,98 13 18 3546 22 23 455 22 22 000 20 23 15,00 16,00 17,00 4,89
51 111 915 11,26 23,06 13 16 1429 25 26 4,00 23 23 oo 24 21 -12.50 18,00 17,50 -2,13
BO 11,11 423 6,01 42,08 13 15 15,38 21 12 -8.52 20 20 oo 21 12 852 15,50 14,50 -4, 76
52 15,56 828 14,22 72,15 5 ] 2,00 17 bL:} 11,76 18 17 -5,56 18 13 5,56 13,25 13,75 2,54
56 549 5,31 38,15 33,57 3 3z 1034 30 27 10,00 22 26 15,18 24 25 217 19,00 18,50 3,09
3 3495 915 15,32 67,43 13 22 15,79 22 22 0,00 21 20 -2, 76 21 21 0,00 16,00 15,75 -1,19
62 323 51z 6,11 19,34 11 16 45,45 18 bL:} 556 17 15 588 17 17 0,00 13,00 13,50 2,86
62 -8.62 15.65 17,55 12,14 18 24 33,33 17 17 0,00 1B 18 000 22 18 -13.64 14325 13,50 -3,41
78 986 1218 10,33 -15.19 1 26 23,81 18 19 5,56 19 21 10,53 21 18 -9.52 1450 14,75 1,64
65 484 4,78 9,11 90,39 15 22 23,22 13 Z0 516 18 20 1111 20 12 -5.00 1425 14,75 2,84

spe | 339 | 374 022 013 0.96 022

-3.58 0,00 550 oo 337 045 -1483 078 -0.27 ood -28.75 037 -11.05
BO 12,68 30,16 48,85 62,30 18 22 222 17 22 28,41 20 23 15,00 19 23 21,05 14,00 17,00 16,37
B9 17.11 16,66 35,44 95,28 13 21 50,00 21 26 23,81 23 26 1304 22 i 9,00 16,50 19,00 11,49
55 208 1526 33,26 72,69 34 3E 11,76 20 23 15,00 23 23 000 24 22 833 16,75 17,00 1,67

7.50 41.02 58,12 4412 I5 3 24,00 18 4 50,00 1B 23 27.78 21 23 8,52 15,75 17,50 21,83
82 909 12,65 26,33 108,14 19 23 52,63 20 25 25,00 25 26 400 24 26 B33 17,25 19,25 933

509 45.62 62,585 37.33 B 15 137.50 22 26 18,18 21 27 28.57 20 25 25,00 1575 13,50 17,54
52 15.00 42 59 58,46 36,30 18 23 61,11 23 25 26,00 24 27 12,50 21 5 3333 17 00 21,00 17,58
B1 20,50 26,22 39,48 50,57 33 38 15,18 22 26 18.1E 21 25 19,05 22 25 1364 16,25 19,00 12,72
51 10,58 16.44 32,05 92,95 13 ] 100,00 13 23 21,05 20 23 1500 20 22 10,00 1475 17,00 11,51
72 24,14 2645 46,15 74,48 3 15 400,00 17 21 23,53 17 21 23,53 16 21 3125 12,50 15,75 19,58
82 33.33 6,21 19,26 210,14 9 16 77,78 13 21 10,53 21 23 852 20 2z 10.00 15,00 16,50 751
3 31.67 5498 18,26 205,35 13 22 69,23 23 26 13,04 23 28 2174 23 27 1739 17,25 20,25 13,04
lo1 TAS 26.02 49,44 90,01 4 32 33,33 24 28 20.83 23 28 2174 23 28 26,09 17,50 21,50 1716
105 714 15.12 28,31 93,85 13 28 35,84 24 30 25,00 21 29 3810 4 I8 16,67 1725 21,75 15,54
50 16,68 36.15 63,06 Taaa [ 15 216,67 2a 31 2917 21 30 42 B6 23 7 1739 17,00 22,00 2235
B0 1111 4526 66,33 46,35 16 25 56,25 23 24 435 22 26 18,18 22 25 1364 16,75 1B,75 9,04
59 15.28 15.26 39,26 10384 26 34 30,77 21 4 14,28 22 25 1364 4 4 0,00 16,75 18,25 6,98
B7 45,00 12,33 42,22 24242 13 24 BL 62 13 12 46,15 15 19 26,67 16 18 12,50 11,00 14,00 21,33
50 47,54 1748 28,96 65,58 B 18 125,00 20 ] 40,00 21 27 2857 20 26 30,00 15,25 20,25 24,64
50 TEAT 6,32 16,03 153.64 12 23 91,67 18 24 33.33 19 25 31.58 19 26 36,84 14,00 18,73 25,44
78 32.20 12,66 29,65 13420 4 17 325.00 11 12 3571 16 13 1250 16 12 1875 11,50 14,00 16,74
3 2742 632 26,48 318,99 3 30 30,43 20 22 10,00 20 21 500 22 22 0,00 15,50 16,25 3,75
51 26.39 15.23 42,48 120,96 1 3 47,62 22 26 18,18 22 25 13,64 24 25 £17 17,00 19,00 9,00




lzometric Pull- ksometric Pull- 3 Changs Push-up Test  Push-up Test Shoulder Press Shoulder Press 3 Change

up Hold Test  wp Hold Test {1 min} {1 min} % Changa 50 BW) [50% B'W)
57.01 52.12 -8.58 B2 66 313 o 1 100,00
4191 41 69 1856 52 52 0u0a 2 4 100,00
1354 26,22 92.23 B2 [ 156 1 4 300,00
54,62 52.55 -3.79 50 54 E.00 -} 11 53,33
31.69 33.82 615 4z a3 1150 4 6 50,00
28,02 32,88 17.34 50 56 12,000 &8 15 100,00
1237 16.45 33.06 3 36 1513 2 100,00
2847 32.16 513 55 36 182 o 2 200,00
3841 32.61 -15,10 57 61 T2 -} & 0,00
2251 26.26 1512 58 55 172 & 1o 25,00
5,21 3.23 -38,00 23 25 BE.70 3 4 33,33
4328 48,78 15.02 41 el 7.3z 4 4 .00
5828 54,12 -7.14 52 34 385 4 5 25,00
4334 28.03 13.13 51 53 392 11 14 727
5286 512 -3.14 4z 52 BE.33 5 & 20,00
3226 38,22 1847 35 30 1143 2 4 100,00
62,20 B0.31 2B.53 a0 a7 17.50 3 5 66,67
4312 52,61 22,m T2 H -2,78 21 23 852
4303 35.26 -11,09 34 35 2484 o 1 100,00
4272 24 62 445 25 34 2143 4 5 25,00
21,58 26,39 23,22 29 32 10,34 4 6 50,00
5354 51,2 -£.50 ar 51 ES51 -} & 0,00
35,42 42,61 10,51 43 247 444 7 6 -14,29

0,05 o9z
401 5554 4548
4318 62,26 4419
2037 36.87 81,00
3895 4569 24,58
5217 61.58 1E.61
587 8487 50.25
26,41 35.89 35,50
4923 76,52 55.47
58 8.32 60,69
341 765 13234
27,81 52,66 89,35
41,78 63.21 51.29
52,72 63,01 15,52
2153 36,15 67.51
8,98 18,25 105,23
2443 32,13 315z
4625 5122 10.65
3337 38.73 16.24
1851 26.19 4148
38,61 42,31 558
6,54 11,35 7171
4384 48,55 13,54

4181 55.23 32.10

BELBEMREERER

-7 AT
13.73
14723
19.61
323
12,56
6000
B.AT7

56,67
107,14
18,75

16,000

0,00 1381
7 15 11429
16 3 4375
3 B 166,67
14 0 42 BE
15 23 5333
o B B0, 00
7 1z TLAZ
13 18 4615
3 B 166,67
2z B 300,00
2z B 300,00
3 5 200,00
13 21 61,54
5 12 140,00
1 4 F00, 00
] 12 100,00
12 19 5833
5 11 180,000
3 B 166.67
2z 7 250,00
2z 5 350,00
5 5 B0.00
9 12 3333
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8.9. Appendix 9: Turnitin Report
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CRIGINALITY REPORT

/. 5o, 4, 1o

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY S0OLRCES

wjgnet.com

Internet Source

=

ww,researchgate.net

Internet Source

[E]

wiredspace.wits.ac.za

Internet Source

Somu Kotoshiba, Noriaki Maeda, Masanori
Morikawa, Mitsuhiro Yoshimi, Shogo Sakai,
Yukio Urabe. "The acute effects of vibratory
stimuli during exercise on the sensorimotor
control of the shoulder complex: A pilot
study", Journal of Back and Musculoskeletal
Rehabilitation, 2022

Publication

£

Jonathan F. Dickens, Brett D. Owens.
"Shoulder Instability in the Athlete -
Management and Surgical Techniques for
Optimized Return to Play", CRC Press, 2024

Publication

backoffice.biblio.ugent.be

Internet Source

~ I

repositorio.unifesp.br

Internet Source

o

vuir.vu.edu.au

Internet Source

&l

academic.oup.com

Internet Source

J%

J%
{J%
{J%
<1«
{J%
{J%
{J%
{J%
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Submitted to Setanta College

Student Paper

www.frontiersin.org

Internet Source

—
fd

fastercapital.com

Internet Source

-
L

www.coursehero.com

Internet Source

—
s

Submitted to South Gloucestershire and
Stroud College

Student Paper

H

WWW.resea rchsquare.com

Internet Source

www.ship.edu

Internet Source

—
=~

Submitted to Coventry University

Student Paper

—
o2

Keith Ward. "Routledge Handbook of Sports
Therapy, Injury Assessment and
Rehabilitation", Routledge, 2015

Publication

orthofixar.com

Internet Source

WWW.jove.com

Internet Source

Birglil D. GULTEKINLER, Volga B. TUNAY. "The
Reliability of Upper Limb Rotation Testin
Overhead Athletes and Its Relationship With
Selected Upper Extremity Performance Tests",
Journal of Bodywork and Movement
Therapies, 2025

Publication
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www.mdpi.com

Internet Source { %
N 123dok.com 4
23 Internet Source { %
www.advrehab.or /1
Internet Source g < %
Daniel T Tarara, Lucas K Fogaca, Jeffrey B < o
Taylor, Eric ] Hegedus. "Clinician-friendly
physical performance tests in athletes part 3:
a systematic review of measurement
properties and correlations to injury for tests
in the upper extremity”, British Journal of
Sports Medicine, 2016
Publication
Steyn, Joretha. "Mode of Delivery, Analgesic, {1 o
and Neuromusculoskeletal Profile of Women
Developing New Onset Lower Back Pain
Postpartum.”, University of the
Witwatersrand, Johanneshurg (South Africa)
Publication
Submitted to University of Science and Arts of {1 o
Oklahoma
Student Paper
essayshand.com /
Internet Source < %
jros.iums.ac.ir “
Internet Source < %
openscholar.dut.ac.za /1
Internet Source < %
¥ pure.eur.nl <
- Internet Source %
repository.up.ac.za /
32 Internet Source < %
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M theses.ncl.ac.uk
Internet Source {1 %
www.dovepress.com
Internet Source p <1 %
Submitted to Institute of Technology, Sligo
Student Paper g}! g {1 %
www.um.edu.mt 5
Internet Source ": %%
caspianjp.ir “
Internet Source { %
orca.cardiff.ac.uk *‘
Internet Source { %
pure.uvt.n 4
Internet Source { %
Els, Abegail. "The Prevalence and Nature of < o
Bullying (Victimisation and Perpetration) in
High School Learners.”, University of
ohannesbureg (Sou rica
Joh burg (South Africa)
Publication
Maria Eduarda Oliveira Novais, Anamaria <1 o

Siriani de Oliveira, Rayanne de Paula Moreira,
Glauber Marques Paraizo PBarbosa et al.
"UPPER-EXTREMITY PHYSICAL PERFORMANCE
TESTS IN OLDER ADULTS: REFERENCE VALUES,
RELIABILITY AND MEASUREMENT ERROR",
Journal of Bodywork and Movement
Therapies, 2024

Publication
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