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Harry Winham

A Comparison of Body Composition Between Elite and Sub-elite Rugby Union Players:

An Observational Study

Abstract

Introduction: The assessment of body composition in athletes has become frequently used in
practice as it is assumed to be an important determinant for athletic performance. Dual energy
X-ray absorptiometry (DXA), a three-compartment model which assesses body composition
in the form of bone mineral content, lean mass and fat mass, has quickly become the gold-
standard measurement of body composition in athletic populations. The aim of this study was
to compare body composition and anthropometric measurements between elite and national
and development level rugby union players to examine if elite players possess more fat mass,
muscle mass and bone content compared to national and development level players due to a

higher participation level.

Methods: Demographic (age) and basic anthropometric data (stature, mass) were collected in
56 male rugby players (n=38 elite and n=18 national and development). Body composition
outcomes were assessed from total-body less head (TBLH) DXA scans (Lunar iDXA, GE
Healthcare (Madison, WI) taken during the preseason. The chosen significance level was p =
0.05 and the confidence interval was 95%. Two-way ANOVA tests were used to identify
potential significance between the elite and national and developmental players as well as

between the two positional groups (forwards and backs).



Results: The elite players were significantly older (24 vs 20 years; p=0.001) and displayed
significantly greater amounts of trunk total mass (47.8 £ 6.8 vs 43.4 + 4.8 kg; p = 0.005)
compared to national and developmental players. Forwards possessed greater stature (190.1 +
6.5 vs 180.3 £ 5.2 cm; p <0.001) and body mass (112.6 + 15.3 vs 89.4 + 8.2 kg; p<0.001)
compared to backs. Forwards also have greater arm (14.3 £1.1vs 11.7 + 1.2 kg; p <0.001),
leg (38.8 £3.5vs 31.2 + 3.4 kg; p <0.001), trunk (51.7 £ 4.7 vs 41.6 + 3.7 kg; p <0.001) and
TBLH (104.8 £ 8.1 vs 84.6 + 8.0 kg; p <0.001) total mass. Forwards possessed greater lean
mass in the arms (10.9 £ 1.5 kg; p <0.001), legs (28.5 + 2.3 vs 24.2 £ 2.9 kg; p <0.001) trunk
(36.6 £ 2.8 vs 32.8 + 3.4 kg; p <0.001) and TBLH (76.2 £ 5.0 vs 66.5 £ 7.1 kg; p <0.001)
regions. Forwards reported a greater difference in right leg (14.4 £ 1.1 vs 12.2 £ 15Kkg; p
<0.001) and left leg (14.1 £1.2 vs 11.9 + 1.4 kg; p <0.001) lean mass. Forwards showed
greater fat mass in the arms (18.5 £ 3.9 vs 14.7 + 3.2 %; p <0.001), legs (21.7 +4.4vs 17.4 £
3.7 %; p <0.001), trunk (25.6 vs 6.2 vs 18.1 + 4.5 %; p <0.001) and TBLH (23.2 + 4.7 vs
17.4 = 3.9 %; p <0.001) regions than backs. Forwards also reported greater TBLH bone mass
(4.02 £ 0.44 vs 3.52 kg; p <0.001), BMD (1.56 vs 0.08 vs 1.46 + 0.09 kg; p<0.001) and BMC

(4.02 £ 0.44 vs 3.52 kg; p <0.001) than backs.

Conclusion: Elite players were older and possessed greater trunk total mass compared to the
national and developmental players. The lack of differences in terms of body composition
between the elite and national and developmental groups was likely due to the high level of
performance of the national level players as many were close to making the transition to the
elite level. In terms of playing position, forwards were greater in stature and possessed more
body mass than backs. Forwards were found to have greater amounts of arms, legs, trunk and
TBLH total mass, lean mass and fat mass compared to backs. Forwards also showed greater

differences in right and left leg lean mass than backs and greater TBLH bone mass, TBLH



bone mineral density and content. These findings indicate that playing position may be a

greater determinant of body composition than playing level.
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Chapter 1: Introduction

1.1 An introduction to body composition

Body composition has been referred to as the chemical or physical components which
collectively make up an organism’s mass (Stewart, 2010) and in a sporting context is
concerned with the relative proportion of lean body mass and body fat mass within the body
(Marriott and Grumstrup-Scott, 1992). The major components of body composition include
fat mass, fat-free mass, total body fat, bone mineral content, bone mineral density and total
body water (Siervogel et al., 2003; Wells and Fewtrell, 2006). However, there are
approximately forty body components, which are systematically categorised into five
increasingly complex levels: i) atomic, ii) molecular, iii) cellular, iv) tissue system and v)
whole body. This comprehensive 5 complex level model grants the convenience to clearly
detailed body composition concepts and construct explicit body composition equations

(Wang, 1997).

1.2 The importance of body composition in the general population

Body composition has been linked to a verity of health-related concerns including obesity,
diabetes (Stefanaki et al., 2018), cardiovascular disease and cancers (Kuriyan, 2018). Due to
an increasing prevalence of obesity and lifestyle diseases there is a greater requirement for
body composition assessment tools with enhanced precision and sensitivity (Kuriyan, 2018).
There are various ways in which body composition can be assessed, including dual energy X-
ray absorptiometry, skinfold anthropometry and bioelectrical impedance analysis (Kuriyan,

2018) each with their own strengths and limitations.
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1.3 Body composition assessment for athletes

Beyond the general population, the measurement of body composition in athletes has become
increasingly considered in practice, as the absolute and relative amounts of the body
components are widely assumed to be an important determinant for athletic performance
(Campa et al, 2021). In numerous sports athletes can gain an advantage through altering their
body mass or body composition features. For example, gymnastics involves aesthetic and
gravitational components, thereby, anthropometric characteristics may influence a gymnast’s
success (Bacciotti et al., 2017). Furthermore, certain sports such as boxing and powerlifting
are weight-classified, thus, athletes must maintain a certain body mass (Franchini et al.,

2012).

Beyond these more obvious examples, the aspects of body composition assumed important
for sport performance vary, such as the amount of and distribution of body fat and lean mass.
Lean mass is defined as the weight of the muscles, bones, tendons, ligaments and internal
organs and is calculated by subtracting body fat from total body mass (Kravitz and Heyward,
1992; Frost et al., 2014). Lean mass differs from fat-free mass as there is an essential amount
of fat in the marrow of bones and internal organs, thereby, lean body mass involves a small
percentage of essential fat (Kravitz and Heyward, 1992). Lean mass and fat-free mass are
believed to be important health outcomes in athletes as lean mass may be linked with
competitive success (Wells and Fewtrell, 2006; Sanchez-Munoz et al., 2017). Lean mass is
regarded to be an important determinant of performance in sports requiring high muscle
strength or power (Garthe et al., 2011), such as rugby union. Lean mass has a higher
metabolic demand in comparison to fat mass and during exercise metabolic demands of lean

mass can quickly increase in order to meet the energy requirements of the activity (Hepple,
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2000). Additionally, fat mass has negative connotations regarding athletic performance such

as hydrodynamic drag in swimmers and power-to-weight ratio (Sesbreno et al., 2020).

1.4 Body composition for performance

While increased fat-free mass is generally assumed to be positive, increases in fat mass have
been found to both benefit and hinder athletic performance (Hyatt and Kavazis, 2019).
Gabbett (2005a) and Gorla and colleagues (2016) suggest that carrying excess body fat has a
detrimental effect on performance. Body weight and the degree of excess body fat may
impair performance variables including power-to-weight ratio (Meir, 2001), thermoregulation
(Duthie et al., 2003), endurance potential, speed and acceleration (Duthie, 2006). Where
extra mass consists of fat rather than lean mass, the power-to-weight ratio is reduced and
energy expenditure is increased during movement (Duthie et al., 2003). Furthermore,
enhanced lean mass and reduced fat mass can positively influence power-to-weight ratio,
thereby improving the potential proliferate momentum, speed, strength and power (Bell et al.,
2005; McHugh et al., 2021), thereby, a coach must consider the ideal anthropometry of the
players according to their positional demands (Hansen et al., 2011). A greater fat mass is
linked with a greater reliance on carbohydrate metabolism (Higham et al, 2014), which may
negatively impact thermoregulation (Selkirk and McLellan, 2001). Strategies to reduce the
impact of thermoregulatory stress on rugby athletes includes weighing players before and
after training and matches, implementing appropriate fluid intake and acclimatisation
protocols and educating players on the role of fluid intake and its importance regarding
recovery and performance (Gabbett et al., 2008). Additionally, body composition may
change during the competitive season. An increase in fat mass during the competitive season

is believed to negatively impair performance by acting as theoretical ‘dead weight’ which
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increases energy expenditure during match-specific actions such as jumping and sprinting

(Hartmann Nunes et al., 2020).

1.5 Body composition in rugby

One such sport where the role of body composition is gaining more interest is rugby union,
where body fat and fat-free mass are believed to be critical compartments of performance
(Ozkan et al., 2012). The need to increase body mass, specifically fat-free mass, to gain a
competitive advantage in rugby has become increasingly prevalent since professionalism was
established in 1995 (Quarrie and Hopkins, 2007). Increased fat-free mass is associated with
gains in muscle mass, which in turn increases the potential to produce force during
performance, enhances strength, power, speed and endurance (Cormie et al., 2007; Gorla et
al., 2016). Increases in lean mass has been found to improve impact forces during tackling
(Pain et al., 2008) as well as during scrums (Quarrie and Wilson, 2000). Conversely, low
levels of fat mass may be beneficial in relation to rugby performance as the ability to
accelerate may be hindered by additional fat mass (Till et al., 2014). However, there is little
understanding of how or if body composition may contribute to success at the highest elite

levels of the sport.

1.6 Dual energy X-ray absorptiometry for body composition analysis

Due to its importance to performance, high-precision methods for body composition analysis
are increasingly carried out in professional sport with the objective of monitoring acute
changes in physiological status of athletes (Campa et al., 2021). DXA is a quantitative
imaging procedure traditionally used to measure bone mineral density and for the diagnosis
of osteopenia and osteoporosis; however, newer applications include the assessments of lean

and fat mass. During a DXA scan, low ionising radiation X-rays pass through the body, and
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the rate of energy attenuation can determine tissue type, density and mass (Shepherd et al.,

2017).

DXA utilises a three-compartment model (3-C) to analyse body composition in the form of
bone mineral content, lean mass and fat mass (Harley et al., 2011). DXA provides precise
measurements of total soft tissue composition (Kutac et al., 2019) and can generate
information for regional body segments. This method has become the “gold standard” for
presenting information on three components of body composition: ‘fat mass’, ‘lean mass’,
more accurately called ‘fat-free soft tissue” and ‘bone mineral content’ and displays excellent
reproducibility when following standardised protocols (Van Loan, 1998; Nana et al., 2015;
Keil et al., 2016). The capability of this method to detect small changes (0.5%) (Stewart and
Hannan, 2000) is important when examining athletes as the fluctuations in these
compartments linked with physical training regularly led to violations of the assumptions of
the traditional two-compartment model (fat and fat-free mass) (Sutton et al., 2009; Shepherd
et al., 2017). In addition to the accurate detection of lean mass and fat mass, DXA has the
ability to detect changes in bone mineral content over a competitive rugby season, which has
not previously been found (Harley et al., 2011). Within rugby union, body composition has
typically been assessed through skinfolds given their portability and ease of use (Zemski et
al., 2019). However, the use of DXA has gained popularity and become more accessible
within professional athletes and particularly professional rugby players (Barlow et al., 2015;
Morehen et al., 2015; Nana et al., 2015; Zemski et al., 2015; Lees et al., 2017), thereby

demonstrating the relevance and importance of this study.
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1.7 Rationale

Despite the recent interest in body composition and performance, several questions still
remain, especially in regard to elite performance. In a complex game such as rugby,
morphological characteristics and body composition are of critical importance, though their
precise interaction with elite performance remains unclear (Silvestre et al., 2006; Bjelica et
al., 2019). The professional team within this study can be accurately defined as elite and the
university level team can be considered a combination of national and development level
player (McKay et al., 2021). Developmental athletes are defined as individuals who train
regularly (approximately three times per week) with a purpose to compete at a local level.
National level athletes are referred to as individuals who compete at a national level and
achievement of within around 20% of world-record performance. Elite level athletes are
defined as highly skilled athletes and team-sport athletes competing at an international level
and achieving within 7% of world-record performance. Rugby union performance is
determined by a range of fitness metrics including speed, strength, power and aerobic fitness
in order to perform efficiently and meet the physical demands of the sport (Smart et al.,
2014). Rugby union players all display varying levels of physical characteristics including
anthropometric (stature and mass) and body composition (lean mass, fat mass and bone mass)
in order to achieve sufficient levels of the desired aforementioned fitness qualities and to
meet the specific positional demands of the sport (Brazier et al., 2020). Also, there is a lack
of clarity regarding the relationship between age and body composition in athletes
(Nikolaidis and Karydis, 2011). A study by Manna and colleagues (2010) included 120
football players categorised into four age groups, under 16, under 19, under 23 and senior.
Under 19 players reported a lower body fat percentage and higher fat free mass compared to
the under 16 players, indicating a relationship between age and body composition across

adolescence. Additionally, there is limited research directly comparing relationships between
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characteristics within professional rugby union forwards and backs, despite the varying
performance demands of these positions (Posthumus et al., 2020a). Thereby, this study will
explore and compare body composition and anthropometric measurements between elite and
national and developmental rugby union players as well as positional differences to fill these

critical gaps in the literature.

1.8 Research aim and questions

This thesis aims to examine body composition within rugby union. This thesis will examine
body composition assessed using DXA to measure lean mass, fat mass, bone mineral content
and percentage body fat in elite level and developmental and national level rugby union
athletes. It was hypothesised that elite level rugby players will possess significantly greater
amounts of lean mass and smaller amounts of fat mass compared to national and
developmental level athletes. Additionally, it was hypothesised that elite level rugby players
would be significantly older, taller and heavier compared to national and developmental level
players. In terms of playing position, it was hypothesised that forwards would demonstrate

greater stature and levels of lean mass, fat mass, bone content compared to backs.

1. Do anthropometric measures (stature and body mass) differ between elite players and
national and developmental players?

2. Does body composition (lean and fat mass) differ according to playing position?

This thesis will examine and compare anthropometric profiles and body composition in first

team University male rugby union players (a combination of national and developmental

level athletes) and first team professional rugby union players (elite level). Anthropometric

18



measurements will consist of stature (cm) and body mass (kg). Body composition will be

assessed through DXA and composes of measurements of lean mass and fat mass.
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Chapter 2: Literature Review

2.1 Rugby union

Rugby union is a field-based contact sport involving 2 teams of 15 players played over a
duration of two 40-minute halves. The objective is to advance the ball down the field into the
opposition’s territory to score a try (World Rugby, 2023). The ball is only permitted to be
passed backwards, but it can be carried or kicked into the opposition’s territory (Gissane et
al., 2002). The sport gained professional status in 1995 (Argus et al., 2012; Hill et al., 2018).
Rugby continues to grow in popularity and it is played in 120 countries by 7.23 million
players, of which 1.76 million are female (Viviers et al., 2018). Furthermore, 4.91 million
players are not registered with an official body and are therefore referred to as recreational

players (World Rugby, 2022).

2.1.1 Competition structure in England

In the UK, there are three national leagues which make up the professional structure of rugby
union and there are approximately 382,000 registered professional rugby union players
within England (Last Word on Sports, 2020). The highest level of participation in rugby
union is the Gallagher Premiership, also referred to as Premiership Rugby
(https://www.premiershiprugby.com), consisting of the top 13 professional clubs in England,
including the elite team (McKay et al., 2021) in this study. The second-tier of rugby union is
the Rugby Football Union (RFU) championship consisting of 12 professional clubs. The third
tier of rugby union in England are the national leagues. Level three (National League 1)
consists of 14 teams with the champions being promoted to the second tier RFU
Championship and the bottom three teams relegated to level four. Level four (National

League 2 East, National League 2 West and National League 2 North) consists of three
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leagues of 14 teams each. The three league champions are promoted, with the bottom two

teams in each league relegated to their respective regional division.

Below professional status, in many parts of England, amateur rugby union is associated with
fee-paying independent schools who historically have produced many of the national players.
Although, presently it is often played at comprehensive and grammar schools. The Rugby
Football Union (RFU) governs age-grade rugby in relation to participation within the game
along with the identification and development of talented young amateur players. These
identification and development programmes are delivered by fourteen regional academies
typically aligned with professional rugby union clubs. Amateur players are often identified
from community or school rugby and invited to train within a regional academy from around
15 years old, before potentially signing a professional contract at 18 (Till et al., 2020). The
British Universities and Colleges Sport (BUCS) is the national governing body for higher
education sport in the UK. BUCS works with its member institutions, including the
national/developmental (McKay et al., 2021) team in this study, to get more students active

and involved in competitive sport (British Universities and Colleges Sport, 2023).

2.1.2 Classifications of athlete performance levels

Sports science and sports medicine literature involving individuals ranging from ‘elite’ to
‘sedentary’ has evolved over time without clear terminology to categorise the training or
experience status of an individual or group (McKay et al., 2021). The term ‘elite’ is
suggested to be one of the most over-used and ill-defined terms within sport science literature
(McKay et al., 2021). Recent work from McKay and colleagues (2021) established a
participant classification framework including five tiers along with criteria for that

classification. Tier O is defined as sedentary and encompasses approximately 46% of the
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global population. Individuals in this category do not meet the minimum activity guidelines.
Tier 1 is defined as recreationally active and encompasses approximately 35 to 42% of the
global population. Individuals in this category meet the World Health Organisation minimum
activity guidelines (Bull et al., 2020). Tier 2 is referred to as trained/developmental and
includes approximately 12 to 19% of the global population. Individuals in this sector train
regularly (approximately three times per week) with a purpose to compete at a local level.
Tier 3 is known as highly trained/national level and involves approximately 0.014% of the
global population. Individuals in this category compete at a national level and achievement of
within around 20% of world-record performance. Tier 4 is the elite/international level and
involves approximately 0.0025% of the global population. This includes highly skilled
athletes and team-sport athletes competing at an international level and achieving within 7%
of world-record performance. Tier 5 is world class and encompasses less than 0.00006% of
the global population. This tier includes Olympic and/or world medallists displaying an
exceptional skill level. Therefore, based on the aforementioned classifications, the
professional team within this study can be accurately defined as elite and the university level

team can be considered a combination of national and development level player.

2.1.2 Positional responsibilities

Within rugby union, players are categorised into two distinct positional groups, forwards
(prop, hooker, lock, flanker and no. 8) and backs (scrum half, fly-half, centre, wing and full-
back) (Delahunt et al., 2013; Quarrie et al., 2013). Within the forward and back units, players
are required to perform match-specific tasks unique to that position (Delahunt et al., 2013).
Forwards are numbered 1 to 8 and are the primary drivers of the scrum as well as being
responsible for high-intensity contact actions, such as mauls, lineouts and rucks (Quarrie et

al., 2013). A vital demand for forwards is to gain and retain possession of the ball and ensure

22



they are available in attack by carrying the ball in close spaces (Delahunt et al., 2013; Quarrie
et al., 2013). Backs are numbered 9 to 15 and consist of inside backs, midfield and outside
backs (Watkins et al., 2021). The primary role of the back unit is to evade defenders while
carrying the ball in an open space, though they also have the responsibility of gaining
possession of the ball in tackles and rucks (Delahunt et al., 2013). Backs are required to be
fast and agile in order to out-manoeuvre the opposition to create scoring opportunities from

open spaces (Duthie et al., 2003).

2.2 The physical demands of rugby union

There has been an increase in intensity of match-play and physical demands placed upon
rugby union players over recent years (Virr et al., 2014). Throughout an 80-minute match,
the ball is typically in play for approximately 30 minutes, with the remaining time composing
of injury time, conversions, penalty kicks or when the ball is out of play (Duthie et al., 2003).
Throughout competitive match play, players generally cover distances ranging from 90 to
100 metres per minute (Gabbett et al., 2012) or 4,500 to 7,500 m per match, though distances
differ among playing positions (Watkins et al., 2021). The demands of rugby union are
broadly defined by the high frequency of physical contacts, aerobic demands and repeated
intermittent periods of high intensity activity (Posthumus et al., 2020; Hamlin et al., 2021). In
order to execute these physiological demands, players require agility, speed, acceleration,
endurance, muscle strength and power as well as rugby-specific skills (Higham et al., 2013;
Whitehead et al., 2018; Read et al., 2019). Table 1 provides an overview of examples of

components of fitness which are critical to successful rugby performance.

23



Table 1: Components of fitness relevant to rugby union performance

anaerobic demands

referred to as repeated maximal or
sub-maximal intensive activity which
demands a high oxidative energy level
(Ahsan and Alli, 2021).

Component Definition Relevance to rugby union
Agility Agility has been defined as decision- | Agility is relevant in rugby union for attackers when
making and anticipation of opponent’s | outmanoeuvring defenders, advancing the ball forward and when
movements (Young et al., 2002). aiming to maintain possession (Sayers, 1999; Young et al.,
2021). It is also critical for defenders to obtain developed agility
to allow quick movements and precisely block attackers with the
main aim of retrieving possession of the ball (Young et al.,
2021).
Aerobic and Aerobic and anaerobic power is Aerobic fitness and power are pivotal aspects of performance as

rugby players cover approximately 4000 to 8000 m each match,
of which 19% is covered at speeds of more than 5 m s, This
also includes frequent bouts of accelerating, decelerating and
sprinting (Higham et al., 2012; Suarez-Arrones et al., 2012).

Muscle strength and
power

Muscular strength has been defined as
the ability to exert force on an external
object or resistance (Suchomel et al.,
2016).

Muscular power is relevant to rugby as players are involved in
numerous intense physical collisions and high velocity
movements (Cronin and Hansen, 2005). Developed strength and
power is critical in tackling, absorbing impacts and in evading an
opponent (Johnston et al., 2014). It can also lead to a reduction
of injury risk (Redman et al., 2021).

Speed

Speed is defined as the ability to move
the body as quickly as possible over a
set distance and relies heavily on a
quick initial start and maintaining this
speed over the given distance (Horicka
etal., 2014; Yu et al., 2016).

Speed and acceleration are pivotal to competitive success across
all levels of rugby union, although, positional demands influence
a player’s expression of force and velocity during match play
(Watkins et al., 2021). The stop-start nature of rugby union
involves highly explosive sprints and high-intensity running,
therefore it is vital for all players to maintain good acceleration
and lower-limb explosive power as mean sprints range from 11
to 20 m during matches (Duthie et al., 2005).
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2.2.1 The demands of rugby union according to playing position

Specialist roles throughout match play determine the physiological demands of each position
with forwards labelled as the ball winners and backs the ball carriers (Lindsay et al., 2015).
The match play of forwards typically involves close opposition contact, which requires high
levels of strength and power to gain and retain possession of the ball (Swabi et al., 2016).
With forwards, as there are two distinct positions, the physical demands differ between
positions. Front row forwards require greater body mass, while the second row requires tall,
athletic players for jump height during line-outs (Duthie et al., 2003). Forwards are often
involved in a high number of physical collisions with the opposition to secure possession of
the ball during line-outs, rucks, mauls and scrums. Forwards also engage in more high-
intensity activity and bouts than backs (Roberts et al., 2008). However, they are also required
to be available in attack by carrying the ball in close quarters (Delahunt et al., 2013).
Forwards have been found to obtain greater absolute aerobic and anaerobic power and
muscular strength (Zemski et al., 2015). This is contrary to the other primary category of
position in rugby, backs, whereas, backs tend to be faster and display greater agility and
engage in more running than forwards (Delahunt et al., 2013; Read et al., 2019; Weaving et
al., 2019). Similar to forwards, inside backs experience high contact incidences with the
opposition, therefore, they are required to display strength and power. However, most
physical aspects for backs heavily emphasise speed and aerobic endurance, due to defensive
demands and the need to evade the opposition (Brazier et al., 2020). Therefore, backs spend
more time in high-intensity running and sprinting than forwards, thus backs cover a greater

distance compared to forwards (Roberts et al., 2008).

Due to the physiological demands, it has been suggested that a specific body composition

profile may be necessary for success at the various positions. Distinct anthropometric and
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body composition characteristics are necessary for certain positions in order to meet the
physical demands of the sport (Duthie et al., 2003). Sufficient amounts of body mass in terms
of lean mass, fat mass and bone mass are vital in order to withstand the frequent and intense
collisions during offensive and defensive match-play (Zemski et al., 2015). Delahunt and
colleagues (2013) state specific anthropometric profiles between forwards and backs are
required to execute match-specific tasks effectively. Additionally, evidence suggests that the
general classification of players into forwards and backs is fundamental as varying
physiological attributes and skill sets are mandatory for each designated position (Cunniffe et
al., 2009; Coughlan et al., 2011). Findings from the work of Delahunt and colleagues (2015)
showed forwards to be statistically heavier (83.6 + 10.5 vs 73.6 + 6.6 kg) and taller (1.82 +
7.1vs 1.78 £ 5.6 m) compared to backs and forwards obtained a greater body fat percentage
(18.4 £5.9 vs 14.3 = 3.0 %). These statistics demonstrate that specific anthropometric
profiles differ between forwards and backs due to the physical demands of their positions as
forwards are involved in more physical collisions such as tackling and rucking, with a greater
total-body mass and height being associated with competitive success (Sedeaud et al., 2012).
On the other hand, backs engage in more open space running and require high velocity
multidirectional sprinting and agility, therefore, a lean body mass is required (Duthie et al.,

2003).

2.3 Body composition and performance in rugby

Previous research indicates a link between body composition and rugby performance
(Posthumus et al., 2020a). It has been suggested by Smart and colleagues (2014) that
decreases in body fat percentage may improve work rate and the ability to repeatedly execute
tasks in competition, additionally, it has been found that as playing level increases from semi-

professional to professional, players are heavier, possess greater lean mass and lower body fat
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percentages, while displaying greater speed, strength and power (Smart et al., 2013), Rugby
athletes all obtain varying anthropometric and body composition measurements in order to
reach the required levels of fitness and meet specific positional demands (Stoop et al., 2019;
Brazier et al., 2020). This profile may be determined depending upon where in the
programming cycle the player is. The long-term cyclical programming of training in rugby is
comprised of three definitive phases; pre-season, in-season and off-season (Dobbin et al.,
2020). The pre-season and in-season phase focus on adaptation and between-match recovery,
whereas, during the off-season a substantial reduction or complete breakdown of training
may occur with the aim of promoting recovery and mental regeneration (Silva et al., 2016).
Short periods of recovery (1-3 weeks) have been found to have a positive effect on
performance, though an extended off-season without frequent training may cause the loss of
physiological and neuromuscular adaptation (Joo, 2018). This can negatively impair physical
and anthropometric characteristics such as aerobic capacity, sprint ability, strength and power
as well as body composition (Nirmalendran and Ingle, 2010; Koundourakis et al., 2014). This
means that body composition in athletes will be highly dependent on where in the season they

are. Each phase of the training cycle may also have its own unique body composition profile.

The maintenance of increased lean mass and decreased fat mass throughout the competitive
season is a primary intention for most players (Argus et al., 2010). This is believed to be
linked with health and performance benefits through the ergolytic effects of excessive body
fat on the expenditure of energy and movement economy (Lees et al., 2017). Increased lean
mass is advantageous to contact sport athletes who are involved in high force collisions
(Morehen et al., 2020). Newtons second law of motion (force = mass x acceleration)
demonstrates the importance of enhancing lean muscle mass as increases in body mass and

lower body power can enhance acceleration and result in greater force production (Granacher
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et al., 2016). A study by Lees and colleagues (2017) examined body composition changes
among professional rugby players over a competitive rugby season using DXA. It was
reported that body composition shifts were present as fat mass increased throughout the
season and this was abetted with a decrease in lean mass from mid-season to the end of the
season in backs and pre-season to end of season in forwards. Crucially, individual analysis
highlighted a loss of lean mass was prevalent mid-end season, without regard to playing
position, suggesting that fat mass gains preceded losses in lean mass. This may have been
down to a decreased duration of gym-based training sessions and reduced competitive
demands towards the end of the season, in contrast with the beginning of the season (Lees et
al., 2017), Similarly, Georgeson and colleagues (2012) concluded that body composition
altered over a competitive season in professional male rugby players as they were found to
lose lean mass and gain fat mass as the season progressed. Interestingly, whole body bone
mineral density increased until mid-season and decreased thereafter. Furthermore, Gabbett
(2005a) found a decrease in lean mass and increase in fat mass (+ 6.7%) in rugby players
over the season. This may cause performance implications such as changes in speed, power,
agility and strength of players due to a reduced power to body mass ratio and match specific
activity. While the quantification of body fat has been the main focus of attention, many
scientists and coaches working with elite athletes understand that the level and distribution of
lean mass can be just as integral to athletic performance (Ackland et al., 2012). As noted by
Ackland and colleagues (2012), the association between the muscle cross-sectional area and
the generation of force and power is widely accepted, thereby alterations in muscle size
becomes a vital assessment parameter during the preparation phase for high level

competition.
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Throughout a competitive season the main goal for players is to maintain improvements in
strength, power and lean mass from the pre-season phase (Baker, 2001), though this is
suggested to be difficult as conditioning volume during the season is reduced (Argus et al.,
2009). Performance over a season has been found to change as the work of Argus and
colleagues (2009) examined alterations in strength and power over the season. Bench press
and box squat one repetition maximum was assessed among professional rugby players and a
trivial decrease in bench press strength (-1.7kg) was found, while a slight increase in box
squat strength (16 kg) was evident from the start to the end of the season. Additionally, bench
throw power decreased (-40 W), as did jump squat power (-175 W) throughout the season.
Although body composition and performance alter over a competitive season, strength and
power has been shown to be consistent throughout a playing career in rugby union players
(Appleby et al., 2012). Although, Barr and colleagues (2014) indicate a window for adaption
exists in in developing sprint momentum and speed. This window is perhaps greater for
athletes in their late teens and early twenties, compared to athletes in their late twenties.
Therefore, the development of sprint momentum and speed should be of critical importance
for this age group. However, research conducted by Stodden and Galitski (2010) reported that
the development of speed is far more restricted when compared to strength in American
university football players. This is believed to be the case as speed peaks early as a physical
ability in contact field-sport players, though sprint momentum may continue to develop over

time as athletes gain muscle mass (Appleby et al., 2012).

2.4 The measurement of body composition in elite sport
Body composition is often carried out in professional sport for the purpose of monitoring
acute alterations in physiological status, using a range of methods, in order to analyse

individual levels of body mass, lean tissue mass and fat mass with high level precision (Ellis,
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2000; Harley et al., 2011; Hind et al., 2011). The measurement of body composition is
routine practice across sport (Kasper et al., 2021). Body composition has typically been
measured utilising skinfold measurements which is an accessible and robust method used in
rugby union (Ackland et al., 2012; Zemski et al., 2018; Zemski et al., 2019). However,
surface anthropometry measurements are inadequate to precisely quantify changes in fat mass
and fat free mass (Silva et al., 2009; Zemski et al., 2018). Due to this restraint, body
composition assessments are being completed by other accurate methods such as DXA,
bioelectrical impedance analysis and air displacement plethysmography (e.g. BodPod)

(Duren et al., 2008; Zemski et al., 2019; Posthumus et al., 2020a; Kasper et al., 2021).

2.4.1 Skinfold/surface anthropometry

Skinfold anthropometry involves the use of a caliper to measure a double fold of gripped skin
over a range of sites to identify an overall measurement of subcutaneous adiposity (Kasper et
al., 2021). Skinfold analysis is an example of a two-compartment (2-C) model of body
composition and has been found to significantly overestimate body fat percentage among
elite rugby players. Particularly, when utilising the Durnin and Womersley (1974) four-site
(biceps, triceps, subscapular, suprailiac) and Jackson and Pollock (1978) seven-site equation
in comparison to DXA, a three-compartment (3-C) reference model of body composition
assessment (Harley et al., 2009). Additionally, other 2-C models, including the Jackson and
Pollock (1978) three-site skinfold equation, when utilising the Brozek (1963) or Siri (1961)
equations to convert body density to body fat percentage have been reported to significantly
underestimate body fat percentage within this population (Harley et al., 2009). It is widely
accepted that skinfold-based regression equations are not an effective or accurate method of
measuring and monitoring body composition in rugby union (Zemski et al., 2018), nor

changes among athletes generally (Silva et al., 2009). However, according to Zemski and

29



colleagues (2019), skinfolds are a useful proxy in identifying the direction of changes in fat
mass when compared to DXA, although they do not have the ability to precisely estimate the
magnitude of changes. This method is also unable to quantify lean mass; therefore,
practitioners today opt to utilise only the sum of skinfolds rather than the accompanying
regression equations. This is likely the case as there are currently over one hundred equations
to estimate body fat percentage from skinfold thickness and they have not been validated
when tracking regular alterations in body composition (Silva et al., 2009). In addition, these
equations are established across varying populations, using different protocols and frequently

display intra-practitioner and criterion variability and reliability issues (Kasper et al., 2021).

2.4.2 Bioelectrical impedance analysis (BIA)

BIA is typically used within general populations for body composition assessment given the
speed, portability and lower cost in comparison to other methods (Kasper et al., 2021). This
technique calculates the fat-free mass of participants using the known electrical resistance of
body tissues (Delaney et al., 2016). Bioelectrical impedance analysis estimates body fat mass
and lean body mass by regulating a weak alternating electrical current which flow at different
speeds depending on tissue type (Ramos-Alvarez et al., 2021). This current is easily
conducted by tissues rich in water and electrolytes including muscles and blood, and is
impeded in spaces filled with air, bone and fat (Mulasi et al., 2015). Suggested by Kyle and
colleagues (2004) factors including food and fluid intake and physical activity may impact
total body water and thereby BIA outcomes. This method may not provide the reliability of
other methods as the water content of cells highly influences the measures (Moon, 2013).
Furthermore, this method has also demonstrated limited use among groups of athletes who
had undergone alterations in body composition, body weight or body-fluid volume (Lukaski,

2013). This is due to limited athlete-specific equations and a lack of knowledge regarding
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predictive equations used by BIA manufactures to estimate fat-free mass and/or fat mass (de
la Cruz Marcos et al., 2021). This method may also be problematic when examining team-
sport athletes as body composition has been found to significantly alter as a training
programme progresses, therefore other methods may be more effective (Morgan and
Callister, 2011). Additionally, there is limited research among athletic populations regarding
the validation of BIA methods to examine fat mass and fat free mass, with conflicting
findings in comparison to reference methodologies like DXA. An underestimation of fat mass
and overestimation of fat free mass has been found in the literature (Hartmann et al., 2020;

Syed-Abdul et al., 2021).

2.4.3 Air displacement plethysmography

Air displacement plethysmography (ADP) is a substitute for hydrostatic weighing and shows
greater practicality in applied sport, whereby rather than water, air is used to measure body
density (Kasper et al., 2021). A common example of ADP is the BodPod. This apparatus uses
Poisson’s Law to compute air displacement and converts this into a volumetric calculation.
Isothermal air, the air trapped near the skin, hair, clothing and lungs, is then calculated by
inbuilt systems or generated through a prediction formula and combined to measure a
corrected body volume and composition (Higgins et al., 2001; Kasper et al., 2021). While
ADP has been found to have high levels of reliability, this method is insufficiently sensitive
when identifying in-competition changes in an athletes’ body composition (Kasper et al.,
2021) and is sensitive to pressure, temperature alterations and clothing (Higgins et al., 2001;
Peeters and Claessens, 2011). ADP has been reported to overestimate percentage body fat by
at least 1.28% when compared to hydro-densitometry (Gibby et al., 2017) and ADP diverges
at the extremes of the BMI spectrum, which may cause concern among certain athletic

populations (Lowry and Tomiyama, 2015). Furthermore, ADP is unable to differentiate fat
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mass distribution, thereby, in an applied sport context, this method is not widely used (Kasper

etal., 2021).

2.4.4 Dual-energy X-ray absorptiometry

DXA is growing in popularity and is becoming more accessible as a method of monitoring
body composition among athletes (Nana et al., 2015). Given that DXA can quantify regional
and whole-body tissue, its use is beneficial in rugby as it can estimate nutritional
requirements and monitor injury rehabilitation (Ackland et al., 2012). DXA utilises two X-
ray intensities which assess bone mineral and soft tissue masses separately and is more
accurate and faster to examine compared to other imaging methods such as computed
tomography and magnetic resonance imaging (Seabolt et al., 2015; Hind et al., 2018; Kuta¢
et al., 2019). Over the past few decades, DXA has become the most distinguished method of
body composition assessment through total body scans (Thurlow et al., 2018). DXA provides
a 3-compartment model to assess body composition in terms of bone mineral content, fat
mass and lean mass at total body and regional level, to a high level of precision (Milanese et

al., 2012; Barlow et al., 2015; Thurlow et al., 2018).

DXA models are either fan beam or pencil beam. Fan beams use a wider X-ray beam which
results in a shorter scan time and greater image resolution (Ackland et al., 2012). With the
pencil beam, X-ray passes through a narrow collimator and the data is gained by a rectilinear
pattern separated by millimetres over the participant’s longitudinal axis (Pludowski et al.,
2010). Scans allow for a rapid assessment of body composition as they are completed in
approximately 6.5 or 12.5 minutes, depending on the scan mode (Thurlow et al., 2018).
However, DXA is a costlier and less accessible method of assessment compared to others

such as skinfolds, although it has been reported to be able to identifying changes in body
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composition among highly trained athletes (Bilsborough et al., 2014; Farley et al., 2020).
DXA has been found to show accurate estimations of body composition when compared to
the 4-C model which is more demanding in assessing body composition of young adults
varying in race, gender, body size, body fatness, athletic size and musculoskeletal
development (Van Der Ploeg et al., 2003; Milanese et al., 2012). Additionally, the 4-C model
can be more time consuming and expensive, though it is accepted as a reference method for

body composition analysis (Van Der Ploeg et al., 2003).

The advantages of DXA according to Nana and colleagues (2015) include the ability to
assess regional body composition, speed of acquisition and is a non-intrusive method. The
low radiation dose, which is typically reported to be around 2-6 uSv depending on the scan
mode, makes DXA suitable for longitudinal monitoring but it is recommended to leave at
least 6 weeks between scans (Thurlow et al., 2017; Hind, 2022). On the other hand, DXA can
be more expensive than other methods, is non-portable and requires a trained and certified
technician. Furthermore, the manufacturers’ body composition estimation algorithms are not
developed from athletes and it is not possible to directly compare results between different

DXA machines unless cross calibration is performed (Nana et al., 2015).

2.4.5 Precision

DXA precision is the capability of the same system and operator to achieve the same result
when assessing an individual at multiple points over a short time period (Baim et al., 2005).
In addition to operator precision, precision can vary by the size of the athlete (Barlow et al.,
2015). Precision error is calculated as the root-mean-square standard deviation (RMS-SD) or
% coefficient of variation. When precision error is objectified, least significant change (LSC)

is calculated as:
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RMS-SD x 2.77 = LSC

The LSC is the minimum change between two measurements required for 95% confidence
than a change has developed (Hangartner et al., 2013; Hind, 2022). A study by Barlow and
colleagues (2015) assessing elite male rugby players reported DXA to provide a lean mass
precision (%CV) of 1.6% (LSC 4.5%) and fat mass precision of 2.3% (LSC 6.4%). Precision
has been reported to be lower for BIA measurements of body composition among elite

athletes (Bilsborough et al., 2014).

Precision of body composition methods can be influenced by biological and technical error
(Vescovi et al., 2002; Hind et al., 2018). Biological error is typically derived from food and
fluid intake or physical exercise prior to assessment (Kerr et al., 2017). Technical error can
be a result of level of technical expertise, equipment calibration, positioning and clothing
(Marfell-Jones et al., 2012; Hind, 2022). Limiting precision error is vital during scanning,
thereby, there is a requirement to include standardised pre-scan protocols which aid in

minimising biological and technical error (Hind et al., 2018).

Table 2 below summarises the findings from Farley and colleagues (2020) who reported
precision error from different body composition methods. Their conclusions show greater
precision error for fat mass compared to lean mass measurements across all measurement
types. Additionally, there was variation in precision between methods, with greater precision

for DXA and skinfolds, conveying high test-retest reliability and accuracy.
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Table 2: A comparison of precision error of different body composition assessment methods

(Farley et al., 2020, p10)

Fat mass Lean mass
Method %CV LSC %CV LSC
DXA 1.5 4.2 0.5 1.3
Skinfolds 1.0 2.9 0.2 0.4
Bodpod 2.5 6.9 0.5 1.3
BIA 5.2 14.4 0.6 1.6

%CV = percentage coefficient of variation, LSC = least significant change

2.5 Rugby union player physique and body composition

Due to the intense nature of rugby union, players are required to demonstrate highly
developed physical qualities which closely align with their body composition (Geeson-Brown
et al., 2020). At the elite level, players demonstrate superior muscular strength, speed and
power compared to sub-elite players (Gabbett et al., 2011) which may be improved by
altering body composition, such as enhancing fat free mass (Taber et al., 2019). It is widely
suggested that an increase in body fat negatively impacts performance (Hyatt and Kavazis,
2019) as greater levels of fat mass have been associated with a lower power to weight ratio
and limit in acceleration ability (Darrall-Jones et al., 2016), while an increase in fat-free mass
has been associated with increases in strength, speed and explosiveness (Anding and Oliver,

2015).
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2.5.1 The need for body composition assessment in rugby

Since the year 2000, changes in rugby union have resulted in a faster and more attractive
match play (Owen et al., 2015), which in turn has altered the demands of each playing
position (Quarrie and Hopkins, 2007). Therefore, a preference for taller and heavier players
with enhanced physical performance characteristics has appeared (Sedeaud et al., 2012;
Lombard et al., 2015). While the direct impact of body composition on performance in sport
is still unclear, there is evidence for higher lean mass and lower fat mass at the elite level
(Jones et al., 2015). Accordingly, lean mass has found to be related to performance outcomes
in athletes involved in high force production sports (Stoggl et al., 2010). Increases in lean
mass have been associated with improvements in lower body speed and power in rugby
players (Waldron et al., 2014). Stated by Smart and colleagues (2014), an ideal body
composition should promote lean mass while reducing fat mass to support the development
of speed, power and aerobic capacity. Furthermore, practitioners are likely to desire lower
levels of fat mass and the maintenance of sufficient muscle mass compatible with the
demands of the sport (Suarez-Arrones et al., 2018). In practice, there is a frequent need to
estimate absolute measures of lean mass and fat mass, an example being in the development

and assessment of dietary and training interventions (Zemski et al., 2018).
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2.5.2 Physique and structure

Table 3: Physique and stature of elite rugby players

Study Performance Position  Age (years) Methods Body composition
level
Body mass (kg) Stature Body fat Fatmass Lean
(m) % (kg) mass
(kg)
Till etal | Professional Forwards 26.3+4.9 DXA 100.4+7.8 184+56 17.2+37 154+32 769+51
(2016) European Super  (n=36)
league
Backs 26.0+4.3 91.3+8.6 181+59 152+34 126+28 71.3%45
(n=27)
Leeset | Professional Forwards 25.5+4.7 DXA 110+ 7.6 186+7.1 - 264+49 853+53
al (2016) | English (n=20)
Premiership

(pre-season)
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La
Monica
et al

(2016)

Zemski
et al

(2018)

Posthum
us et al

(2020a)

American

championship

Australian

national squad

New Zealand
Super Rugby

Championship

Backs
(n=15)
Forwards

(n=13)

Backs
(n=12)
Forwards

(n=23)

Backs
(n=16)
Forwards

(n=23)

26.1+4.5

Both groups Skinfold

(20.2 + 1.6)

26.5+3.4

247+23

271.2+2.8

925+6.3

90.5+124

73.7+7.1

1124+ 7.3

92.2+6.6

116.5+10.1

38

1.83+4.0

1.8+0.1

1.8+0.1

191+71

1.82+54

1.90+5.9

126 +4.2

88=+21

178+24

134 +3.2

174+40

10.8+2.2

21.1+45

74757

96.5+6.3

82.8+5.9

923 +5.7



Ramos-
Alvarez
et al

(2021)

Hamlin
et al

(2021)

Spanish national

league

Professional

Backs

(n=16)

Forwards

(n=32)

Backs
(n=33)
Forwards

(n=10)

Backs

(n=14)

25.7+3.8

224 +45

206 +2.1

19.2+0.8

18.8 +0.7

BIA

Skinfold

analysis

95.9+94

100.1 +11.2

80.1+£8.7

104.3+5.4

86.9+7.9

39

183+75

1.82 +

0.05

1.78 +

0.07

1.87+8.8

1.83+7.3

148+1.2

21.0+x7.7

164+74

143+1.38

21.1+8.7

124 +57

785+7.9

731+

19.8

57.0

26.0



As shown by Table 3, forwards are typically significantly taller and heavier than backs and
tend to have greater total fat and lean mass. This is believed to be due to the greater number
of collisions and lower running demands (Zemski et al., 2015; Weaving et al., 2019; Brazier
et al., 2020). However, backs have been found to show a greater percentage lean mass (84.5
+ 85.8 %) compared to forwards (81.0 + 82.6 %) as well as a lower percentage fat mass (10.0
+11.4vs. 13.4 +15.0 %) (Zemski et al., 2015). Accordingly, research conducted by Fontana
and colleagues (2015) involving 362 professional rugby players, compared forwards and
backs anthropometrically. Forwards were found to be heavier (106.1 + 1 vs. 87.9 £ 9.1 kg)
and taller (1.86 £ 0.07 vs. 1.80 = 0.06 m) in comparison to backs. Forwards also
demonstrated a greater body fat percentage (19.1 £ 5.9 vs. 12.4 + 4.6 %) and fat free mass

(85.5 £ 7.3 vs. 76.8 £ 6.9 kg) compared to backs.

2.5.3 Body mass

A greater body mass has been deemed to be a predictor of success in rugby (Austin et al.,
2011). Stated by Darrall-Jones and colleagues (2015), age-grade rugby players’ stature and
body mass are higher in forwards compared to backs (Darrall-Jones et al., 2016). A sufficient
quantity of body mass in terms of fat mass, lean mass and bone mass are believed to be
crucial in order to withstand the intensity and frequency of collisions during defensive and
offensive match-play (Zemski et al., 2015). The significance of anthropometrics on team
success in professional rugby union has been examined (Barr et al., 2014). From this it has
been suggested that possessing larger players, in particular, heavier forwards and taller backs,
typically results in greater team success in World Cup competition (Posthumus et al., 2020a).
According to Brazier and colleagues (2020), if the extra body mass comprises fat rather than
lean tissue, this can reduce a player’s power-to-weight ratio and acceleration in the horizontal

and vertical planes is reduced. Excess body fat has been found to negatively affect rugby
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performance as it has been reported to negatively impair tackling ability among senior semi-
professional male rugby players (Gabbett et al., 2011). Additionally, negative correlations
have been reported between increased body mass and critical physical traits such as speed
and aerobic performance (Darrall-Jones et al., 2016; Lees et al., 2017). Suggested by Smart
and colleagues (2014), decreasing body fat percentage may enhance work rate and ability to
repeatedly execute actions in competition. However, given that forwards are involved in
more tackles and collisions per game, it may be hypothesised that larger body mass is
beneficial in the advancement of greater impact forces related to these actions (Gabbett et al.,
2008). With backs, attaining an efficient lean-to-fat mass ratio is beneficial to support players
to be quicker and more agile to create scoring opportunities (Posthumus et al., 2020a). It has
also been suggested that forwards benefit from a higher body fat percentage as it may aid in
protection of impact injuries, although there is no significant research to refute or support this
(Gabbett et al., 2008). Forwards are involved in 60% more high acceleration and deceleration
impacts than backs (Cunniffe et al., 2009), while showing a lower risk of injury (Gabbett et
al., 2010). Additionally, the greater body mass obtained by forwards has been associated with
greater scrummaging force (Quarrie and Wilson, 2000) as it adds momentum to contact

actions (Brazier et al., 2018).

Data indicates that the body mass of elite male rugby players has altered over the past century
and is greater than athletes competing in non-contact sports and the average body mass of the
general UK population (Olds, 2001; Fuller et al., 2013; Sedeaud et al., 2013; Fontana et al.,
2015; Hill et al., 2018; Casserly et al., 2019). The past 25 years has shown that the average
body mass of rugby players has risen at a rate twice that of the previous 75 years (Austin et
al., 2011). This has been attributed to greater attention regarding athletes’ evaluation and

development including improved equipment and facilities and specialised training (Fontana
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et al., 2015). The mass of rugby players has increased dramatically since the sport became
professional in 1995 (Hill et al., 2018). Research from Hill and colleagues (2018) examined
the mass of rugby players from 1955 to 2015. A 24.3% increase in average player mass from
1955 to 2015 (84.8 kg to 105.4 kg) has been reported (Hill et al., 2018). A small 5% increase
in mass was reported between 1955 to 1995, however, a large increase of 20% was found
from 1995 to 2015. More specifically, the mass of forwards has steadily increased between
1955 to 2015, though that of backs has mainly increased since 1995 (Hill et al., 2018;
Pontaga et al., 2019). This is likely due to rugby gaining professional status (Tucker et al.,
2021). An investigation conducted by Tucker and colleagues (2021) examined elite men’s
rugby player mass between 1991 and 2019. A 9.7% increase was reported from 1991 to 2019
(103 kg to 113 Kkg), though this increase occurred primarily up to 2011. All rugby players
display various levels of physical characteristics, including height and body mass in order to
achieve desired levels of the required aforementioned aspects of fitness and to meet the

positional demands of the sport (Stoop et al., 2019; Brazier et al., 2020).

2.5.4 Stature

It has been stated that elite level rugby union players demonstrate greater stature compared to
sub-elite players (Smart et al., 2013). The stature of elite rugby union players has increased
similar to that of the general public over the last century (Olds, 2001). According to Sedeaud
and colleagues (2012), during every rugby union World Cup between 1897 and 2007, backs
in the quarter-finals, semi-finals and finals winning team were taller than backs of other
teams and similar findings were reported for forwards. Similarly, Sedeaud et al., (2013)
compared the stature of elite French rugby union players in the 1988-1989 and 2008-2009
seasons. Both forwards and backs were found to be taller by a mean of 2.9 and 5.4 cm

respectively. Similarly, Fuller and colleagues (2013) reported changes in English Premiership
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rugby union players during 2002 to 2011. Significant increases in stature were found in
forwards (~1.3 cm) and backs (~1.4 cm) over this time period. These findings mirror the
widely accepted assumption that taller players are more likely to progress from the sub-elite
to the elite level (Stoop et al., 2018). As stated by Olds (2001), teams with taller players tend
to win a greater number of matches, thereby this anthropometric advantage is critical in rugby
union. As height cannot be influenced through training, it is uniquely a matter of directional

selection (Sedeaud et al., 2013).
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Table 4: Physique and stature according to playing position (Watkins et al., 2021)

Study Performance  Position Body mass (kg) Stature (m) Age (y)
level
Watkins et al (2021) | International  All positions 107.3+14.0 1.85+0.07 27.3+3.6
Tight-5 forwards 120.4 +9.8 1.87 £0.07 28.1+2.7
Loose forwards 109.5+4.38 1.90 £ 0.04 26.2+39
Inside backs 88.6 £84 1.77 £0.05 27.8+4.1
Midbacks 99.0+6.5 1.82 +£0.05 26.0+4.0
Outside backs 102.8+5.9 1.87 +£0.05 27.1+45
Professional All positions 107.9+10.8 1.88 £ 0.06 23.3+3.1
Tight-5 forwards 1159 +53 1.89 +£0.07 23.8+3.6
Loose forwards 109.6 £6.1 1.91+0.02 23.1+£27
Inside backs 915+74 1.81+0.02 23.8+3.9
Midbacks 98.0+6.8 1.83 +£0.06 226+21
Outside backs 101.2+6.2 1.91+0.03 22019
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Club

All positions

Tight-5 forwards
Loose forwards

Inside backs

Midbacks

Outside backs

102.7 £14.0

115.1+10.4

109.0+7.3

87577

100.5 +10.2

90472

45

1.84 +0.07

1.86 + 0.07

1.89+0.05

1.78 £0.05

1.83+0.05

1.81 +0.04

20127

198+21

20.2+3.0

20.9+3.6

204+24

195+25



Table 4 presents the findings from Watkins and colleagues (2021). This study compared the
anthropometric profiles of 176 male rugby union players across different participation levels;
international, professional and club. Echoing the work of VVan Den Berg and colleagues
(2021), it can be inferred that forwards are heavier and taller compared to backs. In term of
playing position, across each participation level, tight-5 forwards demonstrate the greatest
body mass, followed closely by loose forwards. Inside backs are typically found to
demonstrate the lowest body mass across each level. Overall, this data supports the work of
Smart and colleagues (2013), demonstrating as participation level increases, height and mass

also increase.

2.6 Current practice of body composition assessment in high performance sport

Insight and quantifying body composition in athletes has become an integral aspect of
research for the best part of a decade (Ackland et al., 2012). Even with advancements in
assessment techniques over the years, there is no universally endorsed measurement
technique (Ackland et al., 2012; Kasper et al., 2021). The decision of body composition
method typically depends of the intended purpose of what the data is to be used for and
which method is available (Ackland et al., 2012). In relation to high performance sport, the
measurement of body composition may be utilised to define a performance or criteria for
selection, examine the effectiveness of a dietary intervention or monitor the health of an
athlete (Ackland et al., 2012). Over the years, many methods have been developed in order to
gain a greater understanding of the assessment and evaluation of body composition in sport
(Kasper et al., 2021). Nevertheless, the accuracy, reliability and validity of some of these
techniques can be debatable as methods are often chosen based on expense, portability, safety

or invasiveness, rather than most suitable for the required assessment (Kasper et al., 2021).
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2.6.1 Body composition in elite and development/national rugby players

There is a growing demand in understanding rugby players across all competitive levels
including the elite and sub-elite level (Fontana et al., 2015). Since the introduction of
professionalism in rugby union, a greater emphasis on the physical development of players
has been present with Old and colleagues (2001) reporting that professional players are
significantly more mesomorphic compared to amateur players. Numerous studies have
examined the physical make up and characteristics of elite, adolescent and amateur rugby
players (Durandt et al., 2006). However, there is very limited research comparing body
composition between elite and sub-elite rugby athletes, especially using DXA (Till et al.,
2016), further demonstrating the importance of this project. Body composition assessment in
professional rugby is often utilised routinely as a monitoring procedure to enhance
competitive performance and monitor training (Harley et al., 2011). It is widely accepted that
as participation level increases from semi-professional to professional, players have been
found to be heavier, taller, have a greater lean mass and lower body fat percentage, while
demonstrating greater speed, strength and power (Smart et al., 2013; Posthumus et al.,
2020a). For example, Quarrie and colleagues (1995) suggested that senior club players obtain
greater mass, height, speed, strength and aerobic fitness compared to their lower-level age
group counterparts. The differing physical demands of rugby union and its numerous playing
positions requiring specific height characteristics with evident differences in height between
forwards and backs (Gabbett et al., 2008). While numerous studies have reported the physical
characteristics of professional rugby union players and have suggested that body composition
with ideal amounts of lean mass and fat mass are vital for performance (Higham et al., 2014;
Zemski et al., 2015; Lees et al., 2017), there are few studies comparing composition between
elite rugby union forwards and backs (Posthumus et al., 2020a), which is a pivotal focus of

this thesis.

47



Recent findings indicate that differences in body composition may be present between senior
and junior players (Till et al., 2016), and between elite and sub-elite players (Smart et al.,
2013; Jones et al., 2015). This is supported by the work of Geeson-Brown and colleagues
(2020) who found senior elite rugby players displayed a lower percentage of fat mass
compared to junior elite and senior sub-elite players. Interestingly, absolute fat mass did not
differ between standard of competition or age in rugby for either group. Additionally, as
negligible differences in absolute fat mass was present between age and standard, a greater
level of fat free mass in senior elite may cause a reduced percentage of fat mass to overall

mass (Geeson-Brown et al., 2020).

Research published by Till and colleagues (2016) assessed and compared the anthropometric
profiles and body composition of senior professional rugby players and sub-elite academy
players using DXA. It was found that the professional players were taller (183.2 £ 5.8 vs.
179.2 £ 5.7 cm) and heavier (96.5 = 9.3 vs. 86.5 + 9.0 kg) than academy players. In terms of
body composition, professional players obtained a lower body fat percentage (16.3 + 3.7 vs.
18.0 + 3.7 %), greater total lean mass (p<0.001) than academy players. Regionally, academy
players demonstrated significantly greater fat mass at the legs compared to elite players

(p<0.001).

In addition, a study from Jones and colleagues (2015) compared the body composition and
anthropometric profile of professional and semi-professional rugby players using DXA. The
data indicated that professional forwards and backs displayed a greater stature (184.3 + 3.2
and 181.3 £ 6.1 vs. 182.3 £5.9 and 180.1 + 7.1 cm, respectively) and body mass (99.8 + 8.1
and 90.2 £9.1vs. 98.4 £ 8.4 and 90.8 + 8.7 kg, respectively). Furthermore, professional

forwards and backs demonstrated less total fat mass (16.8 + 4.2 and 12.7 £ 3.4 vs. 20.1 £ 4.4
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and 18.2 * 4.5 kg, respectively) and greater lean mass (78.5 £ 6.4 and 73.2 + 7.9 vs. 73.9 +

7.6 and 68.6 + 5.7 kg, respectively) compared to semi-professional players.

2.6.2 Implications of body composition evaluation in high performance sports

There is a growing area of research examining the broader implications of body composition
in high-performance sport for health. For example, a large proportion of elite rugby union
athletes are categorised as overweight or obese according to BMI classifications, which has
potential health implications in non-athletic populations. However, BMI is not accurate for
estimating fat mass in athletic populations (Ackland et al., 2012; Dunican et al., 2019). It has
been releveled that the topography of body fat, or the location of the fat depots, is a more
effective predictor of cardiometabolic implications than the overall amount of fat mass

(Tchernof and Despres, 2013).

Visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT) are contributors to not
only obesity but differ in their structural composition, functional significance and metabolic
activity (Neeland et al., 2013). VAT is found surrounding internal organs and has been
defined as a hormonally active component of total body fat with unique biochemical
characteristics which affect numerous normal and pathological processes in the human body
(Shuster et al., 2012). SAT is the adipose tissue located just beneath the skin (Mittal, 2019),
and potentially has fewer health implications associated with adverse cardiometabolic risk
factors (Liu et al., 2010). Due to the size of rugby union players and the relationship between
greater VAT and cardiometabolic complication in ‘supersized’ athletes, further research into
VAT and other markers of cardiometabolic disease in rugby union is necessary (Zemski et
al., 2019). There is limited knowledge on VAT in rugby players and it is unclear if players
with increases in body fat percentage over a season have concomitant increases in VAT

(McHugh et al., 2021).
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This may be due to a recent increase in player size. At the 2015 World Cup, average body
mass for forwards was 111.4 kg and the average mass for backs was 91.5 kg (Fuller et al.,
2017), compared to 2019 World Cup forwards who reported an average mass of 114 kg, with
the lightest forward being 80 kg and the heaviest 153 kg (RugbyPass, 2019).

Increases in body mass, especially recently, are of interest due to performance and player
welfare concerns (Tucker et al., 2021). Given the frequency of contact in rugby, collisions
involving larger players, or a potential mismatch may enhance risk of injury as larger players
can produce greater force which enables them to ‘win’ collisions (Tierney et al., 2018). This
has been suggested to be contributing factor threatening participation, with suggestions to
reduce player size for safety reasons (Tucker et al., 2021). Increases in player mass may
bring potential performance implications. Increasing body mass beyond a certain point may
negatively impact acceleration, speed, endurance and agility (Tucker et al., 2021). Moreover,
an increase in player mass may expose potential health implications. It has recently been
found that athletes who purposefully maximise their lean and/or fat mass in order to enhance
performance have been shown to display signs of elevated cardiometabolic disease risk and
greater levels of VAT compared to non-heavyweight athletes (Guo et al., 2013; Murata et al.,
2016). While athletes are generally deemed a ‘healthy population’ with training and match
play providing health benefits, risk factors such as high BMI and hypertension have been

found in rugby athletes (McHugh et al., 2021).

2.7 Gaps in the knowledge

Future research may assess different methods for maintaining lean mass while limiting
increases in fat mass throughout a season (Posthumus et al., 2020a). It has been reported that

professional rugby union players display increases in lean mass and decreases in fat mass
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during pre-season phases and appear to increase body mass, lean mass and strength over
consecutive seasons. However, players may be able to enhance performance further by
limiting reductions in lean mass and increases in fat mass throughout a competitive season
(Appleby et al., 2012; Bradley et al., 2015; Zemski et al., 2019). While there has been recent
work dedicated to body composition and performance, morphological characteristics and
body composition especially in elite populations remain uncertain (Bjelica et al., 2019). Also,
there is limited research directly comparing relationships between characteristics within
professional rugby union forwards and backs, despite the varying performance demands of
these positions (Posthumus et al., 2020a). Findings from Smart et al (2013) and Jones et al
(2015) suggest body composition differences exist between elite and sub-elite players,
although the magnitude and consistency of these observations has not been evaluated
(Geeson-Brown et al., 2020). A deeper insight of these differences may provide knowledge
regarding the physical characteristics of rugby players and may guide the development of
specific body composition goals as players transition between sub-elite and elite playing
standards (Geeson-Brown et al., 2020). While there are limited studies examining the
anthropometric and physical characteristics of rugby union players (Darrall-Jones et al.,
2015), previous research regarding body composition assessment of rugby union players is
often limited by small samples sizes or the inclusion of only one club for data analysis
(Geeson-Brown et al., 2020). Thereby, this study aims to compare body composition and
anthropometric measurements between elite and national and development rugby union
players from two different clubs as well as positional differences to fill these critical gaps in

the literature.
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Chapter 3: Methodology

3.1 Ontological approach and study design

This study involved the collection of precise, objective measurements which are controlled by
the researcher and can be replicated by others (Gratton and Jones, 2014). This approach has
numerous strengths including knowledge of precision of the methods used, control and
objectivity in the interpretation of the data. The statistical analysis of the data removes the
requirement for further intuitive interpretation, potentially resulting in clear-cut interpretations

(Gratton and Jones, 2014).

The study design was observational and cross-sectional, which meant that participants were
tested at one time point. The strengths of cross-sectional study designs are lower attrition rates,
preliminary evidence for planning a future advanced study and depending on the sampling
strategy employed and the representativeness of the sample, random samples can be taken from
the population to enable the findings to be generalised to the wider population (Gratton and

Jones, 2014; Wang and Cheng, 2020).

3.2 Study sample and recruitment

3.2.1 Study sampling methods

The study sample used in this study was non-probability purposive sampling (Smith, 2010;
Gratton and Jones, 2014). Non-probability sampling is where the probability that a subject is
selected is unknown however this may result in selection bias (Acharya et al., 2013). Purposive
sampling is frequently used and the selection is based on a degree of judgement or arbitrary
ideas of the researcher(s) seeking a kind of ‘representative’ sample (Vehovar et al., 2016). This

sample is often selected on the basis of the convenience of the researcher (Acharyaetal., 2013).
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In the case of this study, the recruitment of the national and development players was possible
through contact with the first team coach. The recruitment of the elite rugby union athletes was
possible through another ongoing study of professional rugby players. This sample also
involves subjects being included based on them meeting the inclusion criteria of the study. This
is advantageous as it eliminates the need to list all the population elements, required criteria
and it is the most commonly used sample (Acharya et al., 2013). However, this sample is
limited as variability and bias cannot be controlled or measured; therefore, data from the study

cannot be applied beyond the sample (Acharya et al., 2013).

3.2.2 Inclusion and exclusion criteria

In relation to the elite participants, the inclusion criteria were players achieving within 7% of
world-record performance highly proficient in skills required to perform the sport (McKay et
al., 2021), representing a professional club participating in Premiership Rugby, England’s
highest division of rugby union. The exclusion criteria for this population was currently or
recently injured within the last three months.

Regarding the national and development participants, the inclusion criteria were first team
highly skilled and trained males representing a University’s team. A number of participants
had been offered and were currently discussing professional contracts and had participated in
international competition. Furthermore, this was an all-male population due to convenience
and the coach allowing the men’s team to partake in testing. However, future research is
warranted focusing on female rugby union as there is currently limited knowledge regarding
this population and physical qualities by playing position (Jones et al., 2016; Curtis et al.,
2021). Similarly, currently injured or recently injured (in the last three months) players were
excluded from testing. Likewise, any player with metal plates on their skeleton was excluded

to ensure accurate measurements of body composition. Also, only total body less head scans
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were used to ensure reliable outcomes regarding a player’s body composition. Thereby, one
player was removed from analysis as their scan was total body. The total number of national
and development participants was 18 and the total number of elite participants was 38. Thereby,

based on the eligibility criteria, the final sample size for the observational study was 56.

3.3 Ethical approval

The study was reviewed and approved by the Durham University Ethics Committee and the
NHS REC for the use of ionising radiation from DXA. The approval number for the NHS
ethics was 2/NE/0036 IRAS Reference: 308072. The approval number for the elite player's

and national level player’s DXA scans was SPORT-2022-05-28T09 56 39-hwhs25.

The key ethical considerations were as follows:

All participants were informed of the nature of the study, how the data would be collected,
used and distributed (Gratton and Jones, 2014). It was ensured that all participants were given
and understood all the vital information in order to allow them to make a fully informed
decision to take part or not (Gratton and Jones, 2014). This is referred to as ‘informed consent’
(Berg and Latin, 2008). Each participant was provided with an information sheet and gave
written consent to have their body mass measured and were made aware of how the data would
be used and who would have access to it. All participants provided written informed consent

prior to participating in the study.

3.3.1 Confidentiality
All participants were informed as to who would have access to the data from the study. This
was only those closely associated to the research and no one could access it without

authorisation (Gratton and Jones, 2014). The hard copies of data were stored securely in a
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locked filing cabinet, known only to those close to the study. Digital data was stored in
password secured files. Anonymity is vital to prevent the identification of individuals in the

study (Gratton and Jones, 2014), this was ensured by providing each subject a number.

3.4 DXA radiation

DXA does expose the patient and operator to ionizing radiation, however the dose is very
minute to both (Shepherd et al., 2018). The effective dose to an adult from a typical bone
density scan is around 7 uSv depending on the manufacturer, model and scan mode used. The
total body scan brings a lower effective dose of around 3.0 pSv. It is beneficial to compare
these values to the natural background radiation dose in the UK which is approximately 7.3
MSv daily (2.7 mSv annually) (Public Health England, 2011). While the dose of radiation
from DXA is limited, all laboratories or centres executing DXA scans are required follow the
regulations set out in the lonising Radiation Regulations 2017 (IRR17) (Health and Safety
Executive, 2018) and the lonising Radiation for Medical Exposure Regulations (IRMER)
(Department of Health and Social Care, 2018). Furthermore, all operators must have received
IRMER-specific training. DXA scans utilised for human participant research require ethical
approval from an NHS Research Ethics Committee where the input from a Medical Imaging

Expert and a Clinical Radiation Expert is required (Hind, 2022).

3.5 Body composition assessment protocol

Body composition was assessed using fan beam dual energy X-ray absorptiometry (Lunar
iIDXA, GE Healthcare (Madison, WI). All national and development scans took place over two
days during the pre-season phase of the 2022/23 season and the elite scans were completed
over a 3-week period during the 2022/23 preseason. This was the case due to a greater number

of elite participants and schedule conflicts. The scan protocol was identical for every
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participant in this study. Each player was advised to arrive at their chosen time slot in
appropriate clothing and in a fasted and euhydrated condition. Once they completed the consent
form, shoes were removed and their mass was taken using scales and recorded to the nearest
0.1 kg and their stature was taken using a stadiometer and recorded to the nearest 0.1 cm. The
DXA scanner was calibrated according to the manufacturer’s guidelines using a standard
calibration block. Trained DXA investigators were present at all times to conduct the scans.
The participant was then positioned on the scanning bed. The participants’ body was positioned
lying flat on their back with a 1 cm air space between their upper leg and hand (Hind, 2022).
A band was positioned around their ankles and they were instructed to apply pressure on it to
ensure this air space. Their toes were pointed up and the scans only began once their body was
inside the scan boundaries which were lined out on the scanning bed. Once they were in the
correct position the scan began. Scans are completed in approximately 6.5 or 12.5 minutes,
depending on the scan mode (Thurlow et al., 2018). Though in the case of this study as the
standard scan mode was used, scans typically lasted between 6.5 and 7.5 minutes. Upon
completion of the scan their results in terms of bone content, lean mass and body fat percentage

were briefly explained to them.

3.5.1 Standardisation

Participants were given detailed explanations of the DXA process, how to prepare, and the
nature of the data collection method. A pre-DXA screening questionnaire was provided
covering all contraindications and gathers other important information including the reason for
the scan and any internal artefacts such as metal plates and rods, that may jeopardise scan
quality. This was important as providing a pre-DXA screening questionnaire and information
can improve compliance, decrease potential anxiety in participants and is vital for data

acquisition (Licata and Williams, 2014).
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All participants were made aware of the potential risks such as the involvement of radiation
from DXA. Standardisation of the DXA scans was addressed through ensuring confounding
variables such as meal and fluid consumption, clothing, exercise and hydration were
standardised. Biological variation reflected in changes to mass and lean mass due to food
consumption may occur from food or fluid consumption too close to a scan (Nana et al., 2012).
To eliminate this, participants were encouraged to report in an overnight fasted state of 8-hours.
If this is not possible, the suggested content of consumption should be no more than 5009 (Kerr
et al., 2017). Biological variation can also arise from hydration status, thereby, participants
were euhydrated and advised to consume 1 to 2 glasses of water with each meal the day before
the scan. Changes in hydration level may result in either decreases (dehydrated) or increases
(over hydrated) in lean mass. Variable hydration of soft tissue may also affect fat estimation
(Pietrobelli et al., 1998). Additionally, prior to the scan, athletes were encouraged to empty
their bladder. Exercise is an important factor as it can affect tissue hydration, fluid shifts to
regional compartments and shifts in blood volume. Therefore, athletes were encouraged to
report in well rested, undertaken no exercise the morning of the scan and no intense exercise
since midday the previous day (Hind, 2022). Technical error is also a risk and may arise from
metal on clothing presenting as bone mass. Therefore, this risk was reduced by informing
participants to wear lightweight clothing with no metal for their scan and all jewellery

containing metal was removed.

3.5.2 Technology
The X-ray source generates the X-ray beams containing photons which are discharged through
electromagnetic energy (Hind, 2022). As these photons pass through the body, there is

differential attenuation depending on the density of the tissues. The extent of attenuation is
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dependent upon the energy of the photons and the thickness of the tissue (Prado and
Heymsfield, 2014). Bone measurement is based upon the assumption that the body is made up
of two compartments, soft tissue and bone. Bone has a greater density than soft tissue, thereby,
the photon energies are attenuated less (Toombs et al., 2012). To image either tissue, the two
energy beams are subtracted, either subtracting the soft tissue and image the bone, or
subtracting the bone and image the soft tissue (Hind, 2022). In order to differentiate lean and
fat tissue, bone is subtracted and the ratio of the two photon energies is linearly associated to
the proportion of fat in the soft tissue (Laskey, 1996). This results in lean tissue mass, fat mass
and bone mineral. Technological advancements have resulted in a shift from pencil beam to
narrow fan beam densitometers and a greater number of detectors providing an enhanced

resolution. This has resulted in greater image quality and reduced scan times (Hind, 2022).

3.5.3 Scanning

Regarding the physical characteristics of some athletes in this study, the possibility of
exceeding the scan boundaries was considered. There are two available options depending on
system and software for tall athletes exceeding the scan boundaries. The most recent Encore
software (version 18) from GE provides a new total body-less head (TBLH) scan which begins
at the level of the mandible (Hind, 2022). This was used to ensure a consistent protocol for all
athletes as the composition of the head is unlikely to alter, though this does not offer absolute
body composition. The second option offers a combination of two partial scans, one of the head

and one of the body (Silva et al., 2013).

In the current study, TBLH scans are used over the Silva method as TBLH allows the researcher

to quantify the magnitude and quality of full-body mass distribution (Kutac et al., 2019).

Furthermore, when assessing body composition, it is more desirable to scan the entire body
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(Shepherd et al., 2018). Total body scan reports include total and regional (arms, legs and
trunk) estimates of total mass, fat mass, fat-free mass (compromising of lean mass and bone
mass), lean mass, bone mineral content and bone mineral density. Further detailed knowledge
includes regional and tissue percent fat mass, appendicular lean mass index and fat mass index

(Hind, 2022).

Hands were placed in the mid prone position allowing 1 cm of air space between the hand and
the upper leg. This position is recommended by the International Society for Clinical
Densitometry (ISCD) and the National Health and Nutrition Examination Survey (NHANES)
2011 protocol (National Health and Nutrition Examination Survey, 2011; Thurlow et al., 2018)
as consistency of positioning can influence precision error. This position also reduces the scan
width allowing the participant to fit within the scan boundaries. Nana and colleagues (2012)
also recommend this position and state that the use of foam positioning aids may be beneficial
in maintaining consistent placement. This is vital as alterations of hand position may influence
total bone mineral density, arm bone and fat mass and precision (Thurlow et al., 2018).
Additionally, this position is of use for broader athletes, though consideration is required so

that the hand does not overlap the upper leg.

3.6 Quality assurance

The accuracy and performance of DXA may be affected by alterations in instrument
performance which can suddenly occur (calibration shift) or gradually (calibration drift)
(Lewiecki et al., 2016). Therefore, it is critical to have a calibration and quality assurance
protocol in place to identify any performance alterations (Hind, 2022). This typically involves
daily scanning of a calibration block and weekly scanning of a phantom (Standardised object

with known bone mineral density content). In the case of this study, a quality assurance test
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was completed and passed at the start of each testing day. Testing cannot take place if this test
is failed. It is important that attention is given to shifts or drifts in calibration which exceed

1.5% (Lewiecki et al., 2016).

3.7 Limitations

Regarding the elite DXA phase scans, two players had metal plates on their skeleton. One
player had a metal plate in their arm and another had metal plates in their leg. These players
were removed from analysis as this study has a specific focus on body composition
measurements and metal plates would affect the results. During the scanning phase, two
players were recorded as female. These players were also removed from analysis as the
population of this study was all-male. This mistake was down to human error as a large
number of players were scanned in the same day. Finally, one player had a total body scan,
therefore their head was included in the scan. This player was removed as this study utilised

the TBLH scan mode.

3.8 Statistical analysis

Statistical analysis was conducted using the software programs Microsoft Excel (Version
16.16) and IBM Statistics (Version 28, SPSS Inc, US). Data was found to be normally
distributed, thereby presented as the mean and standard deviation of the specific variable.
Comparisons in body composition measurements between 56 elite and national and
developmental players was conducted using two-way ANOVA tests using Tukey post hoc
analysis. Group effect sizes are also reported within the tables. Two-way ANOVA tests were
used to identify potential significant differences between the elite and national and
developmental cohorts as well as the two positional groups (forwards and backs). The chosen

significance level was p<0.05 and the confidence interval was 95%.
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Chapter 4: Results

4.1 Descriptive statistics

The total study sample was comprised of 56 male participants (n=38 elite and n=18 national
and development). Players were divided into their respected playing position (forward or

back). All players were scanned using standard mode and TBLH scans.

Elite rugby union players were older (24 vs 20 years) when compared to the national and
developmental cohort. Forwards were reported to be taller (190 .1 £ 6.5 vs 180.3 £ 5.2 cm)
and heavier (112.6 £ 15.3 vs 89.4 £ 8.2 kg) in comparison to backs. Please see table 5 for full

descriptive statistics for the whole cohort and positional groups.
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Table 5: Descriptive statistics elite vs national/development, forwards vs backs

Level

Elite (n=38)

N/D (n=18)

Position

Forward (n=26)

Back (n=30)

Stature Mass Age
Sig. Effect Average (cm) Sig. Effect Average (kg) Sig. Effect Average
size size size (years)
0.704 0.003 0.043 0.075 <0.001* 0.202
185.6+7.4 103.5+17.9 24
183.6+7.4 939+11.7 20
<0.001* 0.392 <0.001* 0.424 0.599 0.005
190.1 +6.5 112.6 +15.3 24
180.3+5.2 89.4 +8.2 22
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Level * position | 0.532  0.007 0.422 0.012 0.702  0.003
Elite forwards 190.3+6.9 115.2 +16.9 25
(n=19)
Elite backs (n=19) 181.2v 4.6 91.4+738 24
N/D forwards (n=7) 1904 £55 105.3+4.8 20
N/D backs (n=11) 179.2+6.1 86.7+8.3 20

N = number of participants, + = standard deviation, N/D = national and developmental athletes, * indicates significant difference between

forwards and backs

63



4.2 Total mass

Elite rugby union athletes reported a greater trunk total mass (47.8 = 6.8 vs 43.4 + 4.8 kQ)
compared to national and developmental athletes. Forwards displayed greater arms (14.3 +
1.1vs11.7+1.2), legs (38.8 £3.5vs 31.2 + 3.4 kg), trunk (51.7 £ 4.7 vs 41.6 £ 3.7 kg) and
TBLH (104.8 £ 8.1 vs 84.6 + 8.0 kg) total mass compared to the backs. Please see table 6 for

full total mass statistics.
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Table 6: Total mass elite vs national/development, forwards vs backs

Level
Elite (n=38)

N/D (n=18)
Position

Forward
(n=26)

Back (n=30)
Level *
Position

Elite forwards
(n=19)

Arms total mass

Legs total mass

Trunk total mass

TBLH total mass

Sig. Effect
size
0.009 0.121

<0.001* 0.477

0.304 0.020

Average
(kg)

133+1.38

121+14

143+11

11.7+1.2

146+1.0

Sig.

0.154

Effect
size

0.038

<0.001* 0.518

0.724

0.002

Average
(kg)

35.6£5.0

33.1+5.2

38.8+3.5

31.2+3.4

39.1+3.7
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Sig. Effect
size
0.005* 0.141

<0.001* 0.542

0.234 0.027

Average
(kg)

47.8+6.8

43.4+48

01.7+4.7

416 +£3.7

52948

Sig. Effect
size
0.013 0.110
<0.001* 0.575
0.543 0.007

Average
(kg)

96.7 £13.1

88.7+11.2

104.8 +£8.1

84.6 +8.0

106.7 + 8.4



Elite Backs
(n=19)

N/D forwards
(n=7)

N/D backs
(n=11)

N = number of participants, = = standard deviation, N/D = national and developmental athletes, * indicates significant difference between

forwards and backs

119+13

13.3+1.3

113+11

31.8+3.1

38.0+2.8

30.0+3.9

66

424 +3.7

48.1+1.7

40.3+3.6

86.2+7.7

995+4.4

81.8 + 82



4.3 Lean mass
Table 7 demonstrates that forwards possessed greater arms (10.9 £ 1.5 vs 9.4 £ 1.1 kg), legs
(28.5+ 2.3 vs 24.2 £ 3.7 kg), trunk (36.6 + 2.8 vs 32.8 £ 3.4 kg) and TBLH (76.2 £ 5.0 vs

66.5 = 7.1 kg) lean mass than backs. Please see table 7 for full lean mass statistics.
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Table 7: Lean mass elite vs national/development, forwards vs backs

Level
Elite (n=38)

N/D (n=18)
Position

Forward
(n=26)

Back (n=30)
Level *
Position

Elite forwards
(n=19)

Arms lean mass

Legs lean mass

Trunk lean mass

TBLH lean mass

Sig. Effect
size
0.117 0.046

<0.001* 0.306

0.619 0.005

Average
(kg)

103+1.2

9.7+11

109+15

94+11

11.1+0.8

Sig. Effect
size
0.420 0.012

<0.001* 0.373

0.702 0.003

Average
(kg)

26.6 £3.2

254 3.7

285+23

242+29

28.6+2.3

68

Sig. Effect
size
0.361 0.016

<0.001* 0.212

0.488 0.009

Average
(kg)

35.0+3.5

33.8+3.9

36.6 +2.8

32.8+3.4

37.0+2.6

Sig. Effect
size
0.288 0.021
<0.001* 0.330
0.788 0.001

Average
(kg)

72075

69.0 £ 8.3

76.2+5.0

66.5+7.1

76.8+4.8



Elite Backs 95+1.1 245+2.7 329+3.1 67.0+6.7
(n=19)

N/D forwards 10.5+0.8 28.3+2.3 355+3.0 74.4+55
(n=7)

N/D backs 9.2+1.0 23.6+3.2 32.7+4.1 65.5+8.0
(n=11)

N = number of participants, = = standard deviation, N/D = national and developmental athletes, * indicates significant difference between

forwards and backs
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4.4 Fat mass
Forwards displayed greater arms (18.5 + 3.9 vs 14.7 £ 3.2 %), legs (21.7 £+ 4.4 vs 17.4 £ 3.7

%), trunk (25.6 £ 6.2 vs 18.1 £4.5 %) and TBLH (23.2 £ 4.7 VS 17.4 + 3.9 %) fat mass
compared to backs. Please see tables 8 and 9 for full fat mass statistics.
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Table 8: VAT and SAT mass elite vs national/development, forwards vs backs

VAT mass SAT mass
Sig. Effect size  Average (kg) Sig. Effect size Average (kg)
Level | 0.018 0.102 0.222 0.028
Elite (n=38) 0.542 +0.37 1.117 £ 0.61
N/D (n=18) 0.291£0.13 0.872 +0.53
Position | 0.097 0.052 0.028 0.090
(n=26)
0.391 +0.29 0.901 +0.61
Back (n=30)
Level * Position | 0.411 0.013 0.294 0.021
Elite forwards 0.582 + 0.42 1.28 +0.60
(n=19)
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Elite backs 0.50+0.31 1.59 +0.76
(n=19)

N/D forwards 0.43+0.13 1.24 +0.60
(n=7)

N/D backs (n=11) 0.20 £ 0.09 0.64 £ 0.33

N = number of participants, = = standard deviation, N/D = national and developmental athletes, * indicates significant difference between

forwards and backs, VAT = visceral adipose tissue, SAT = subcutaneous adipose tissue
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Table 9: Fat mass elite vs national/development, forwards vs backs

Arms fat mass Legs fat mass Trunk fat mass TBLH fat mass
Sig. Effect  Average Sig. Effect Average  Sig. Effect Average Sig. Effect Average
size (%) size (%) size (%) size (%)
Level 0.078 0.058 0.267 0.023 0.028 0.088 0.050 0.071
Elite (n=38) 17.2 £ 4.0 20.0 + 4.6 23.0+6.1 21.1+49
N/D (n=18) 150+ 3.8 18.1+4.2 18.7 £ 6.7 18.0+5.2
Position | 0.002*  0.167 <0.001* 0.189 <0.001* 0.288 <0.001* 0.275
Forward 18.5+3.9 21.7+4.4 25.6 % 6.2 23247
(n=26)
147+ 3.2 174+ 3.7 18.1+45 174+ 3.9
Back (n=30)
Level * | 0.463 0.010 0.882 0.000 0.849 0.001 0.875 0.000
Position
Elite forwards 19.4 £ 3.7 224+4.4 27.0+5.8 243+ 4.4
(n=19)
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Elite Backs 151+3.1 18.0+ 3.6 19.3+3.8 18.2+ 3.5
(n=19)

N/D forwards 16.6 +4.2 20.8+3.4 229+7.0 21.3+5.0
(n=7)

N/D backs 14.0+34 16.4 + 3.8 16.0+5.1 15.9+4.3
(n=11)

N = number of participants, = = standard deviation, N/D = national and developmental athletes, * indicates significant difference between

forwards and backs
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4.5 Bone analysis
Forwards reported greater bone mass (4.02 + 0.31 vs 3.39 + 0.36 kg), bone mineral density
(1.56 £ 0.08 vs 1.46 £ 0.07 kg) and bone mineral content (4.01 + 0.31 vs 3.39 = 0.36 kg)

compared to backs. Please see table 10 for full bone content statistics.
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Table 10: Bone content elite vs national/development, forwards vs backs

Level

Elite (n=38)

N/D (n=18)

Position

Forward

(n=26)

TBLH bone mass TBLH BMD TBLH BMC
Sig. Effect  Average (kg) Sig. Effect Average (kg)  Sig. Effectsize  Average (kg)
size size
0.116 0.046 0.298 0.020 0.116 0.0046
3.77£0.44 1.52 +0.08 3.77£0.44
3.52 +0.47 1.48 £ 0.09 3.52 +0.47
<0.001* 0.437 <0.001* 0.242 <0.001* 0.437
4.02+0.31 1.56 £0.08 4.02+0.31
3.39£0.36 1.46 + 0.07 3.39+£0.36
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N/D (n=30)
Level * Position | 0.642 0.004 0.542 0.007 01642 0.004

Elite forwards 4.05+0.31 1.57+0.8 4.05+0.31

(n=19)

Elite backs 3.46 +0.36 1.48 £0.7 3.46 £ 0.36

(n=19)

N/D forwards 3.94+0.30 1.55+0.9 3.94+0.32

(n=7)

N/D backs 3.26 £0.35 1.44 +0.7 3.26 £0.35

(n=11)

TBLH = total body less head, BMD = bone mineral density, BMC = bone mineral content, N = number of participants, + = standard deviation,
N/D = national and development athletes, * indicates significant difference between forwards and backs
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4.6 Asymmetrical differences

Forwards were found to show greater differences in right leg lean mass (14.4 £ 1.1vs 12.2 £
1.5 kg) and left leg lean mass (14.1 + 1.2 vs 11.9 + 1.4 kg). However, the differences in lean
mass across both limbs was not different between the two positional groups. Please see table

11 for full asymmetrical statistics.
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Table 11: Differences in lean mass in lower body elite vs national/development, forwards vs backs

Level
Elite (n=38)

N/D (n=18)

Position

Forward
(n=26)

Backs (n=30)

Level * Position

Elite forwards
(n=19)

Elite backs
(n=19)

Right leg lean mass

Left leg lean mass

Legs diff lean mass

Sig.

0.279

<0.001*

0.568

Effect size  Average

0.022

0.376

0.006

(kg)

134+16

127+1.38

144+11

122+15

144+11

124+1.3

Sig. Effect size  Average (kg)
0.609 0.005
131+16
126+1.38

<0.001*  0.355

141+12

119+14

0.851 0.001

142+1.2

120+14

79

Sig.

0.211

0.997

0.349

Effect size

0.029

0.000

0.017

Average
(ka)

3.18 £0.43

455 +0.31

3.31+0.46

3.89+0.34

0.26+0.4

0.37+£0.3



N/D forwards 142+1.0 140+14 0.52+0.3
(n=7)

N/D backs 11.8+1.6 11.8+1.6 0.41+0.3
(n=11)

N = number of participants, + = standard deviation, N/D = national and development athletes, * indicates significant difference between
forwards and backs
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5.0 Discussion

5.1 Summary of major findings

The purpose of this study was to examine anthropometric and body composition differences
between elite and national and developmental rugby union players as well to examine
potential positional differences within these groups. It was hypothesised that the elite level
players would demonstrate significantly greater lean mass and lower fat mass than national
and development level players as these features of body composition have been associated
with performance. However, the differences in lean mass were not of significance and elite
rugby union players possessed greater amounts of fat mass compared to their national and
developmental counterparts. Furthermore, significant differences in body composition
measures were hypothesized between forwards and backs. Significant differences in stature,
mass, total mass, lean mass, fat mass, bone analysis and differences in lean mass across both
limbs was found between all forwards and backs. The main significant differences between
the elite and national and developmental groups observed in the current study was elite

players were significantly older and displayed greater trunk total mass.

5.2 Anthropometry and total mass

It was hypothesised that elite rugby union player would be significantly older, taller and
heavier compared to national and development level players; however, elite players were
only found to be significantly older than national and developmental players. The elite
athletes did report greater trunk total mass compared to national and developmental players.
These hypotheses were aligned with the current trend in rugby towards taller and heavier
players (Lombard et al., 2015). A clear increase in player size over the past decades has been

present (Austin et al., 2011) and teams that include larger players, such as heavier forwards
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and taller backs, have greater success in test matches and World Cup competitions (Barr et
al., 2014). Hamlin and colleagues (2021) and Till and colleagues (2016) also found elite
rugby union players to display greater height and mass than sub-elite players. Both studies
reported positional differences between elite and amateur players, elite forwards and backs
were taller, heavier and older compared to their sub-elite counterparts. Table 10 presents key
studies regarding anthropometric differences in elite and sub-elite rugby union players
according to playing position over the past 12 years. The existing literature demonstrates elite
rugby forwards and backs demonstrate greater mass, height and age than their sub-elite
counterpart. This is believed to be the case as sub-elite players are still maturing and growing
and are in a developmental phase of life (Till et al., 2016). In the current study, the national
and development players were shorter and lighter compared to the elite players; however,
they were also younger than the elite players. These differences maybe present as the
national and development athletes were still developing, suggesting that with some additional
training they may be capable of making the step to elite status. The current study supports the
notion of forwards possessing greater anthropometric measurements compared to backs (Hill
et al., 2018). Positional differences were reported as forwards showed greater stature and

mass compared to backs.

Stature and body mass have been found to increase with age due to normal processes related
to maturation and growth (Malina et al., 2004; Till et al., 2020). These anthropometric
characteristics have been shown to increase with age in both elite (Waldron et al., 2014) and
sub-elite rugby players (Gabbett, 2009), with further differences demonstrated in elite cohorts
compared to sub-elite (Till et al., 2011). As the competitive level increases so does the
demands of the game in terms of technical ability and physical structure (Sedeaud et al.,

2014). Total mass has been found to increase as playing level increases resulting in heavier
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athletes with greater lean masses and lower body fat percentages (Smart et al., 2013). Total
body mass has been suggested to continue to develop into early adulthood (Malina et al.,
2004), especially when combined with more frequent resistance training and nutritional
intervention such as those experienced by a rugby player from an academy developmental

programme (Till et al., 2014).

Development programmes are commonly found within rugby union to support the
development and transition of young rugby athletes to make the step to senior professional
athletes (Till et al., 2017). These programmes aim to support young athletes through the
growth and maturation process while developing their playing skills. The physical
development of young rugby athletes is of importance to coaches and player development
staff in advancing players to meet the intense and increasing physical demands of elite rugby
(Johnston et al., 2014). A clear understanding of potential factors influencing the
development of physical characteristics such as height and weight, during this period is vital

for optimising long-term development in young rugby athletes (Till et al., 2017).

There were significant differences in total mass between elite and national and developmental
players in the current study as elite players demonstrated greater mass in the trunk region. It
is believed that elite players possess greater total body mass compared to sub-elite players
due to increased training and match demands (Quarrie and Hopkins, 2007). Training
demands between the elite and sub-elite level can be drastically different as elite players may
be exposed to a greater frequency, intensity and volume of training (Tee et al., 2016).
However, high-level players obtain a greater work: recovery ratio which enables greater

training routine improvement compared to sub-elite players (van Rooyen et al., 2014).
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Beyond the differences in training, these differences in total mass may aid in explaining why
elite players are elite. Athletes that are genetically heavier may have a greater chance of
reaching elite status, though whether this is due to performance advantage or coaches’
preferences for heavier players remain unknown. It has been suggested by the work of
Sedeaud and colleagues (2012) that teams with heavier backs have greater Rugby World Cup
success. This may be the case as possessing greater mass is advantageous in tackling, rucking
and competing for the ball. The recruitment of heavier players may also be desirable as
players possessing greater mass are able to generate more momentum and force production
which is perceived to be vital in match situations involving tacking, scrummaging and
aggressive contact (Hill et al., 2018; Chiwaridzo et al., 2019). Research indicates that
muscular strength and power significantly impacts team selection (Gabbett and Seibold,
2013) as well as differentiating between playing standard (Jones et al., 2018). These findings
may also encourage coaching staff to recruit heavier players, which may further shift the
desirable body composition for elite rugby players. Anthropometric characteristics such as
height and body mass are deemed as desirable qualities in the selection process for coaches
(Chiwaridzo et al., 2019), and may influence which players are selected for elite

participation.

It was hypothesised that forwards would possess a greater stature and mass compared to
backs. Positional differences were reported as forwards reported greater stature and mass
compared to backs. In terms of total mass and playing position, forwards were found to
demonstrate larger amounts of total mass in each region. Forwards occupied greater total
mass in the arms, legs, trunk and TBLH compared to backs. Table 10 provides a comparison
of body composition in elite and sub-elite forwards and backs between recently published

literature and the current study. The findings from this current project align with relevant
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literature (table 10), demonstrating that forwards possess greater body composition
measurements compared to backs. Forwards are frequently found to obtain a greater body
mass compared to backs (Fontana et al., 2015). The findings from this current study echo the
work of Vaz et al., 2014; Zemski et al., 2015; and Posthumus et al., 2020 who reported
forwards show a greater body mass compared to backs. Additionally, conclusions from
Posthumus and colleagues (2020) found forwards to possess a significantly greater total body
mass in comparison to backs (116.5 + 10.1 vs 95.9 + 9.4 kg). This is the case as forwards are
involved in a high number of physical collisions with the opposition to secure possession of
the ball during line-outs and scrums and a greater total-body mass is associated with
competitive success (Roberts et al., 2008; Sedeaud et al., 2012). It has been suggested that

teams with larger and heavier players have greater success (Smart et al., 2011).
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Table 12: Anthropometrics in elite level and national level rugby union forwards and backs

Study Position

Body composition

Hamlin et al

(2021)

Till et al

(2016)

Elite forwards (n=10)

Elite backs (n=14)

Sub-elite forwards
(n=36)

Sub-elite backs (n=23)

Elite forwards (n=36)

Elite backs (n=27)
Sub-elite forwards
(n=19)

Sub-elite backs (n=15)

Age (years)

19.2+0.8

18.8+0.7

18.8+1.6

18.6 £ 0.6

26.3+4.9

26.0+4.3

182+11

181+11

Body mass (kg)

104.3+5.4

86.9+7.9

99.7 +10.2

82.3+6.7

100.4 +7.8

91.3+8.6

89.9+8.8

821+75

86

Stature (cm)

187.5+8.8

183.9+7.3

186 +5.9

180.4 + 4.7

184.4 +£5.6

181.7+5.9

179.7+5.2

1785+6.4



Gabbett et al

(2009)

Current study

Elite forwards (n=16)

Elite backs (n=12)

Sub-elite forwards
(n=19)

Sub-elite backs (n=17)

Forwards

Backs

159+04

16.0+0.2

158 +0.7

16.1 +0.7

24

20

87.0£11.1

749+7.6

88.9+7.2

69.2+12.2

1126 +£17.9

89.4+8.2

87

180.9+6.7

178.8 +5.5

113.6 £21.9

176.4+7.4

190.1+6.5

180.3+5.2



5.3 Body composition

5.3.1 Lean mass and fat mass

The results from this study found no difference in terms of lean mass and fat mass between
elite and national and developmental rugby union players. This was an unexpected
conclusion as it was hypothesised elite players would demonstrate significantly greater levels
of lean mass in line with existing literature. For example, Till and colleagues (2016) reported
a significant difference between elite and sub-elite players in terms of lean mass (74.6 + 0.8
vs 71.8 £ 1.0 kg, p<0.001). According to Fontana et al (2015), lean mass is the single most
significant predictor of level classification (elite vs sub-elite) when all other attributes are
constant. A greater lean mass in elite players was expected as this population is exposed to
increased training and match demands and obtain greater musculoskeletal maturity (Gabbett,
2013). However, no difference in lean mass between elite and national and developmental
players in the current study may have been due to both cohorts being involved in regular
intense training and match competition. Both the elite and national and development athletes
in this study are involved in weekly competitive fixtures in the Gallagher Premiership and
BUCS respectively. Furthermore, many of the national players in this study were close to
transitioning to the elite level, thereby, differences may be less pronounced compared to other
national and developmental groups. Due to a combination of national and developmental
athletes, the differences between the two cohorts were not as clear as hypothesised. This was
because the national level players demonstrated similar body composition measurements to
the elite players, though not every player was at the national level. Thereby, the
developmental players showed some differences. Age may also play a significant role in the
lack of difference conclusions drawn by Till and colleagues (2016) and the current study. The
national and developmental players in the current study were older (20 years) compared to

the sub-elite population in the Till et al (2016) study (18 years). As with total mass, aging is
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associated with greater lean mass (McHugh et al., 2021) and the national and developmental
population in this study have greater physical maturity and experience. There were also fewer
national and developmental players in this study compared to elite players (national and
development = 18 vs elite = 38), which may have influenced the ability to detect differences

between the groups.

In relation to lean mass and playing position, it was hypothesised that forwards would
possess greater amounts of lean mass compared to backs due to the demands of the positions.
Forwards demonstrated greater arms, legs, trunk and TBLH lean mass compared to backs.
These findings support the work of Geeson-Brown and colleagues (2020) who reported that
rugby union forwards displayed significantly higher lean mass scores compared to backs
(91.1 £4.9vs 79.2 £ 4.5 kg). Forwards frequently report greater lean mass scores as an
increase in lean mass and subsequent increase in overall mass results in a greater impact force
during tackles (Till et al., 2015). Also, an increase in momentum due to a greater lean mass is
believed to enhance ball carrying due to the increased ability to overcome opposing defenders
(Geeson-Brown et al., 2020). While an increased mass has been found to be beneficial during
collisions, the frequent collisions forwards experience in a match and training may hinder
lean mass accrual due to an elevated metabolic rate for up to 72 hours post collision-based
activity (Costello et al., 2018). The lower mass of backs is critical for this position as backs
are involved in a greater amount of free-running and are required to be more agile and
quicker than forwards in order to evade the opposition (Jones et al., 2015). Backs are
required to obtain the ball from forwards and accelerate from scrums and mauls and carry the
ball down field to create scoring chances (La Monica et al., 2016). Forwards also displayed a
greater difference in right leg and left lean mass compared to backs. This may be attributed to

the greater running demands placed upon backs (Lees et al., 2017).
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In relation to percentage body fat (% fat), this study found no differences between elite and
national and developmental rugby union players. Interestingly, these findings are in contrast
to the work of Till and colleagues (2016) who reported elite players showed lower amounts
of fat mass (14.1 £ 0.8 vs 17.1 + 1.2 kg) compared to sub-elite players. In sub-elite
populations, lower fat mass may indicate these players are still developing musculoskeletal
characteristics and physically maturing (Till et al., 2016). Additionally, unlike this study, Till
and colleagues (2016) found sub-elite rugby union players displayed greater amounts of arms
fat mass (1.78 £ 0.1 vs 1.54 + 0.9 kg), legs fat mass (6.2 + 0.4 vs 4.6 + 0.2 kg) and trunk fat
mass (8.1 £ 0.7 vs 7.0 £ 0.5 kg) compared to elite players. A lower body fat percentage has
been reported to be beneficial for rugby performance (Till et al.,2010), as the ability to
accelerate may be hindered by additional fat mass (Till et al., 2014). However, the increased
movement requirements of elite rugby performance may demand professional players to
possess sufficient levels of fat mass in order to meet the demands of the match and protect

against fracture (Till et al., 2016).

This highlights a vital consideration of the development of academy players into professional
players. A primary purpose of an academy programme is to develop the physical qualities of
young players in order to meet the increasing training and match demands at higher levels
(Gabbett, 2013), therefore, an understanding and evaluation of differences in anthropometric
and body composition of this population is valuable (Till et al., 2016). Gradual increments in
lean mass and bone content while controlling fat mass is a critical consideration when
working with sub-elite academy players, particularly within the lower limbs (Till et al.,
2016). This indicates that it may be advisable for academy and sub-elite rugby players to be
monitored for optimal development as an appropriate body fat percentage is vital for

performance, though optimum scores are unknown (Till et al., 2017). It has been suggested
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that a relatively large fat mass, which acts as a physical buffer, may protect against in the
high forces transferred during contact (Geeson-Brown et al., 2020). Additionally, when other
attributes remain constant, a greater body mass enables more momentum which is beneficial
during tackling and contesting for the ball (Meir et al., 2003). However, while a greater body
mass is associated with protection against impacts in forwards, this greater body fat
component may result in increased physiological demands on players required to support this
mass during match play (O’Connor, 1996). This suggest that there may be an optimal amount
of fat which will provide enough protection and support the development of momentum, but
not significantly hinder player performance. However, this exact level is unknown. This

presents an interesting avenue for future research.

In terms of fat mass and playing position, it was hypothesised that forwards would display
greater amounts of fat mass compared to backs due to the nature of the position. Forwards
reported greater arms, legs, trunk and TBLH fat mass compared to backs. This is in
accordance with conclusions from Geeson-Brown and colleagues (2020) who found forwards
possessed a greater percentage fat mass compared to backs (15.3 £ 2.4 vs 11.4 + 1.8 %).
Additionally, Smart and colleagues (2013) found forwards to be heavier and possess a greater
body fat percentage compared to backs (12.7 + 2.9 vs 9.4 + 2.3 %). This greater fat mass is
suggested to be beneficial to forwards as they are involved in more collisions compared to
backs (Geeson-Brown et al., 2020). A greater fat mass may also be advantageous in acting as
a protective barrier during contact actions such as scrums and rucks (Lindsay et al., 2015).
According to Escriva and colleagues (2021), in order to execute their position-specific
actions such as advancing the ball forward (Duthie et al., 2003), backs should be lighter and
leaner compared to forwards and avoid possessing excess fat. This is critical for efficient

performance for backs as they are required to obtain a greater aerobic capacity due to them
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spending more time in high-intensity running and covering greater distances compared to

forwards (Cahill et al., 2013).

5.4 Bone analysis

This study showed no differences were present in terms of bone mass, bone mineral density or
bone mineral content between elite and national and developmental players. This contradicts
existing literature, for example, Till and colleagues (2016) reported professional rugby players
possessed greater levels of bone mineral content (4313 + 71 vs 4081 £ 101 g) compared to sub-
elite players. Differences in bone content between elite and sub-elite rugby union players is
suggested to be due to sub-elite players still naturally developing as bone content may continue
to increase into a player’s early 20°s (Molgaard et al., 1997). Within this current study all rugby
players (elite and national/development) displayed high levels of bone mass due to nature of
the sport, frequent collisions and strength training (Till et al., 2016). Athletes from high impact
sports including rugby union display greater bone density compared to non-athletes (Hind et
al., 2015). Many rugby athletes, particularly those involved in high levels of competition such
as those in the current study, begin participation in the sport at a young age when bone is highly
responsive to mechanical loading (Ginty et al., 2005). Additionally, participation in rugby has
been found to improve axial and appendicular bone mass and increase bone turnover (Elloumi
et al., 2009), therefore, it is likely this contributed to the high bone mineral content observed

in the current study.

While no differences were found between status, differences in bone mass, bone mineral
density and bone mineral content was reported between forwards and backs. It was
hypothesised that forwards would show greater amounts of bone content compared to backs

due to their enhanced exposure to collision-based actions (Geeson-Brown et al., 2020).
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Forwards displayed greater bone mass, bone density and content compared to backs. This
echoes the findings of Elloumi and colleagues (2006) who reported forwards possessed greater
bone area, bone mineral content and bone mineral density compared to backs. Long-term rugby
participation, particularly starting at a pubertal age, is associated with a greater bone mass,
bone mineral content and bone mineral density at all skeletal sites, except the head (Elloumi et
al., 2006). A greater bone mineral content is desirable as it may limit the risk of skeletal
fractures (Turner and Robling, 2003). Additionally, an increased lean mass is related with a
greater bone mineral content due to a greater torque acting upon the bone (Vuori, 2001). While
Till and colleagues (2016) reported elite rugby players possessed greater levels of bone mineral
content, it has been suggested that a limit may exist to the amount of lean mass and rugby

training can influence bone mineral content (Geeson-Brown et al., 2020).

5.5 The effects of training season on body composition

In the current study, all scans were complete during the pre-season, which may have a
significant influence on body composition. Lees and colleagues (2016) investigated
longitudinal body composition of elite rugby union players over one competitive season. In
their study, 35 professional players were scanned using DXA during pre-season (August),
mid-season (January) and end of season (May). From mid-season to the end of the season, a
significant loss of lean mass was found (p < 0.018). It was reported that 17 players showed a
reduction in lean mass and 21 players gained fat mass from pre-season to end of season.
Also, there was significant increases in total body bone mineral content throughout the
season (p < 0.05) (Lees et al., 2016). Longitudinal research may be useful to determine the
extent and time period of body composition shifts, and in relation to injury especially in
forwards progressing from academy to the elite level who are susceptible to injury (Lees et

al., 2016). The original intent of this project was to examine body composition over the
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course of the season; however, several challenges including logistical considerations as well
as the challenges of collecting physiological data during a global pandemic prevented this
from occurring. However, results may have differed if DXA scans had been completed at
another time during the season. Thus, the timing of body composition assessment may

influence the ability to compare studies.

5.6 Study limitations

There are several limitations within this study, the first being the relatively small sample size
and the limited number of teams involves (1 elite, 1 national/development). As a result,
players were grouped only by primary position (forwards and backs) and limited conclusions
were able to be drawn about the potential implications of position on body composition.
Future research with a potentially larger sample may further classify forwards (hooker, prop,
second-row and loose forward) and backs (winger, full-back, half-back and centre). This
would be advantageous due to the unique demands of these specific positions within the team

(Jones et al., 2015).

The study population was also homogeneous in regard to ethnicity, with the majority
population of this study identifying as white with few players identifying as black, thereby, a
more diverse group may yield different results. The findings of this study may not be
generalisable beyond a white population. There was a lack of significant differences between
the elite and sub-elite groups in terms of body composition. This was likely the case as many
of the national athletes were almost ready to make the step up to the elite status. Therefore,
future studies may benefit from recruiting amateur players with less experience and skill sets
as this will allow for a greater talent difference between elite and development populations

which may yield greater differences.
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Regarding the use of DXA for body composition analysis, this method is not without its
limitations. Food and fluid intake and physical activity can influence DXA measurements.
These factors can cause a substantial increase in typical error of DXA estimates of total and
regional lean mass, thereby the potential of under or over reporting exists (Nana et al., 2012).
These factors were controlled as best as possible in this study by providing participants with

scanning protocols in advance of their scan appointment, but are subject to human error.

Furthermore, the original aim of this study was to scan the participants at three points over
their competitive season. Scans were planned to take place pre-season, mid-season and end of
season. This would have allowed for the chance to analyse and identify potential changes in
body composition over a season. However, due to scheduling issues and information not
getting to participants regarding scanning protocols, only one scan phase was possible, which
was August pre-season 2022. It is also important to note that the results from this study
should not be generalised as there are potential differences in training and competitive

demands as well as recovery between clubs.

5.7 Future directions for research

Future work may report the ethnic background of players which may influence body
composition (Jones et al., 2015). A more diverse population may have yielded different
findings as Polynesian player have frequently been reported to show greater levels of lean
mass and lower fat mass compared to Caucasian players (Rush et al., 2009). To date, no
study has examined differences in physique adaptation to training by ethnicity in rugby union
(Zemski et al., 2019). The recruitment of differentiating ethnicities in future research may
enable further insight into the role ethnicity plays in training adaptations not only during a

season, but post-season in the absence of the training stimulus, where previously significant
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compromises in body composition have been found in other elite contact team sport cohorts

(Bilsborough et al., 2017).

Future studies may also gain an advantage from examining body composition changes across
multiple clubs in order to limit potential recruitment bias (Jones et al., 2015; Lees et al.,
2016). According to Till and colleagues (2016), future research is required to evaluate
longitudinal changes in body composition in order to gain a greater understanding of the
development process and the individual effects of lean and fat mass on performance, health
and career longevity in rugby union. According to Hind (2022), follow-up DXA scans are
beneficial in the examination of the effects of injury rehabilitation, training programmes and

nutrition intervention.

6.0 Conclusions

This study aimed to compare anthropometric and body composition measurements between
elite and a combination of national and developmental level rugby union players. It was
hypothesised that the elite cohort would demonstrate greater levels of lean mass and smaller
amounts of fat mass compared to national and developmental level athletes. It was also
hypothesised that elite level athletes would be older, taller and heavier compared to national
and developmental players. Regarding playing position, it was hypothesised that forwards
would demonstrate greater stature and levels of lean mass, fat mass and bone content

compared to backs.

This study found elite rugby union players were older and displayed greater amounts of trunk

total mass compared to national and developmental players. With reference to question 1 of

this study, no differences were found in terms of stature and mass between elite and national
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and developmental players. Furthermore, no significant differences were reported in terms of
lean and fat mass between elite and national and developmental players. This was likely the
case as many of the national level players were close to making the transition to the elite

level.

In relation to playing position and question 2 of this study, forwards were greater in stature
and possessed more mass than backs. Forwards were found to have greater amounts of arms,
legs, trunk and TBLH total mass, lean mass and fat mass compared to backs. Forwards also
showed greater differences in right and left leg lean mass than backs and greater TBLH bone
mass, TBLH bone mineral density and content. These findings indicate that playing position
may be a greater determinant of body composition than playing level. Significant differences
in terms of body composition were reported between the positional groups (forwards and
backs) while only differences in age and trunk total mass were found between the elite and
national and developmental players. The lack of significant difference between the elite and
national and developmental groups in the current study may be attributed to the relatively
high level of performance of many players in the national and development group recruited
for this work. Therefore, future research may benefit from involving players from lower tiers

of participation with less playing experience.
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Appendix A: Challenges encountered during the study period

Throughout the course of this study, numerous challenges presented themselves. The original
intent of this project was to examine the relationship between sprint performance and body
composition in sub-elite rugby union players over the course of a competitive season.
However, issues with technology occurred during multiple testing sessions. Issues with
timing gates and laser guns made the sprint data unusable. The weather also caused issues
with testing as the first testing session had to be conducted indoors which hindered the
validity of the data. Similarly, the second testing session was negatively impacted by bad
weather. This caused me to have to change the focus of my study as these issues caused the
sprint data to be deemed unusable. Therefore, the focus of this study altered to examining
body composition between elite and sub-elite rugby union athletes during the pre-season

period.

This study was conducted throughout the Covid-19 pandemic, which caused issues with
testing sessions as on multiple occasions some participants and researchers were not present
due to the need to self-isolate. Finally, a year into the study period, my initial primary
supervisor left the university. This resulted in me having only one supervisor for a period of
time, which caused delays in feedback on draft chapters as the new supervisory arrangements
were sorted. This also occurred during the period when the focus of my dissertation was
shifting and having the support of a primary supervisor to guide this refocusing would have

been particularly useful.

136



Appendix B: Participant Information Sheet
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Participant Information Sheet

You are invited to take part in a research project. Before you decide if you would like to take
part, please read this information sheet carefully. You can also ask the research team if you
have any questions (please see contact details at the end of this sheet).

Title of Project: Body Composition and Performance in Sub-Elite Rugby Union
Players: a Prospective Study

What is the purpose of the research?

The purpose of this study is to explore possible associations between body composition (e.g.
lean mass and fat mass) and rugby union-specific performance. Throughout the sports science
literature, there are frequent references to the importance of increasing lean mass and reducing
fat mass, in order to optimise performance. However, there is a lack of evidence informing this.
Athletes, particularly at the elite level, are under continuous pressure to achieve an ‘optimal’
body composition, but this is challenging given the lack of understanding about what this
means. Therefore, this project seeks to provide an evidence-base to inform on the relationship
between components of body composition and sports performance in rugby union.

Why have | been invited to take part?
You have been invited to take part in this study because you are a university high performance rugby
union player aged over 18 years.

Do I have to take part?

Taking part in this study is completely optional and if you decide not to take part, you will not
be treated any differently to those who decide to take part. You can request withdrawal of your
data until data analysis is complete and ready for publication. You have the right to request
the withdrawal of your identifiable data at any time.

What will be involved if I decide to take part in the research?

If you decide to take part, you will be asked to take part in performance testing and receive a
measurement of your body composition, three times across the rugby union season (start of
season-October, mid season-Jan and end of season-April).

Body Composition Test

Your body composition will be measured using multi-frequency bioelectrical impedance (MF-
BIA). This will take less than one minute. You will be asked to stand on the MF-BIA platform
and hold the hand grips during the test. A very small electric current will travel through your
hands and feet to provide an estimate of your body composition, You will not feel this.
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Speed: 40m Sprint Test

Your sprint performance will be measured over a distance of 40m using a reactive start sensor
and timing gates set up every 5m up to 30m with the final gates at 40m. On the command ‘go’,
you will be asked to perform at maximal effort throughout the 40m to the finish line.

Agility: Y-shaped test

This test will involve you sprinting 5m through the start gate, passing the trigger gate and
cutting 45-degrees left or right depending on which reactive gate illuminates, then sprinting
5m to the finish line. The timing system will dictate which direction you will proceed after
completing the first 5m of the course.

Aerobic Capacity: Bronco Test

Your aerobic capacity will be assessed using a common, submaximal, field-based test used
in Rugby. The test will require you to progressively run to and back, to floor markers placed at
0 m, 20 m, 40 m and 60 m. 1 repetition = 1 run from OmM-60m-0m-40m-0m-20m-0m (total
distance = 240m). This will then be repeated as fast as possible until achievement of five
repetitions. Your heart rate will be monitored throughout the test and your time on completion
will be recorded.

Strength and Power Testing

Bench Press:

The test will involve working under 3 different submaximal loading conditions (3 reps at 40%
of 1 rep max, 3 reps at 60% of 1 rep max and 1 rep at 80% of 1 rep max). Once testing begins,
you will be asked to lower the barbell down to your chest and then once the barbell has
touched your chest, you can then proceed to push the barbell off your chest until you have
locked your arms out to return to your starting position. During the movement the barbell is
not to be bounced off your chest as it is a controlled movement, your feet will remain planted
to the floor and glutes must be touching the bench at all times

Barbell Back squat:

You will be performing submaximal barbell back squats under 3 different loading conditions
(3 reps at 40% of 1 rep max, 3 reps at 60% of 1 rep max and 1 rep at 80% of 1 rep max). You
will be asked to place the bar on your trapezius and the bar will have to keep in constant
contact with your shoulders whilst your feet are firmly planted on the floor during the whole
movement. Once you are set, you will be told to back squat until your thighs are parallel with
the floor (a knee angle of around 90°) and then begin to ascend back to a standing position

Countermovement Jump:

You will perform maximal countermovement jumps under 3 different loading conditions (Okg,
40kg, 60kg). Before each jump, you will be asked to stand up straight and still on the force
plate with your hands placed on your hips for unloaded conditions and on the barbell (20kg)
for loaded jumps; this hand position will remain the same during the entirety of the movement.
At this point, you should initiate a downwards movement into a squatting position with a knee
angle of about 90° (this will differ between athletes), followed instantly by a jump to your
maximum height.

Drop Jump:

The test involves the performance of 1 jump starting from an elevated platform (Box)
at a predetermined height from the ground ranging from 20 to 100 cm (no greater than
Max CMJ height). You will be instructed to place your hands on your hips, step out

138



from the box, and to jump as high and as fast as possible minimising time spent on
the ground.

What are the benefits and risks of taking part?

The benefits of taking part in this research are to contribute to providing an evidence-base on
the relationship between body composition and performance. There is very little evidence
available currently, so this study is important to advance knowledge and will contribute to
informing practice. You will also be able to receive your own individual results for all testing
during the study. If you would like your results, please let the research team know.

The risks of taking part are very few outside of your normal high performance rugby activities.
As with all exercise tests, there is a small risk of injury but the tests are routinely performed in
rugby union and you will be supported through familiarisation prior to testing. You will also
warm up prior to any testing and the tests will be supervised at all times.

What steps are being taken to mitigate the risk of COVID-19?

All government and University guidelines regarding Covid-19 will be adhered to. 2m social
distancing will be observed, where possible, and the MF-BIA device will be sanitised between
uses. You are asked to follow the University guidelines with regard to reducing the risk of
Covid-19 on testing days. If you have any Covid19 symptoms, you should not attend testing
and take a lateral flow test.

How will confidentiality be assured?

Your data will be anonymised using codes, and prior to data analysis all data will be held
securely on a password protected computer/laptop and will not be shared outside of the research
team. No personal data will be shared, and you will not be identified in any resultant outputs
such as the student thesis or publications. Please see the Privacy Notice for further details.

What will happen to the results of the research?

The results of the research will be presented in MRes theses submitted to the Department of
Sport and Exercise Sciences at Durham University, conference presentations, talks for sports
practitioners and published research papers. No names (including club name) will be used in
any output.

If you have any questions related to the project, please contact the lead researchers:
Kieran Smith
Email: kieran.r.smith@durham.ac.uk

Mark Christie
Email: mark.christie@durham.ac.uk

Harry Winham
Email: harry.m.winham@durham.ac.uk

Supervisor names: Dr Karen Hind, Dr Shaun McLaren, Mr Rob Cramb and Dr Katie
Di Sebastiano.
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Email: karen.hind@durham.ac.uk; shaun.mclaren@durham.ac.uk;
r.k.cramb@durham.ac.uk; kathleen.di-sebastiano@durham.ac.uk

If you are happy with the answers to your questions, please complete and sign the Consent
Form.
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Appendix C: Privacy Notice

Privacy Notice

U] |
W Durham

University

PART 1 - GENERIC PRIVACY NOTICE

Durham University has a responsibility under data protection legislation to provide individuals with
information about how we process their personal data. We do this in a number of ways, one of which
is the publication of privacy notices. Organisations variously call them a privacy statement, a fair
processing notice or a privacy policy.

To ensure that we process your personal data fairly and lawfully we are required to inform you:

e Why we collect your data
e How it will be used
e Who it will be shared with

We will also explain what rights you have to control how we use your information and how to inform
us about your wishes. Durham University will make the Privacy Notice available via the website and
at the point we request personal data.

Our privacy notices comprise two parts — a generic part (ie common to all of our privacy notices) and a
part tailored to the specific processing activity being undertaken.

Data Controller
The Data Controller is Durham University. If you would like more information about how the

University uses your personal data, please see the University’s Information Governance webpages or
contact Information Governance Unit:

Telephone: (0191 33) 46246 or 46103

E-mail: information.governance@durham.ac.uk

Information Governance Unit also coordinate response to individuals asserting their rights under the
legislation. Please contact the Unit in the first instance.

Data Protection Officer

The Data Protection Officer is responsible for advising the University on compliance with Data
Protection legislation and monitoring its performance against it. If you have any concerns regarding the
way in which the University is processing your personal data, please contact the Data Protection Officer:

Jennifer Sewel

University Secretary

Telephone: (0191 33) 46144

E-mail: university.secretary@durham.ac.uk

141


https://www.dur.ac.uk/ig/
mailto:information.governance@durham.ac.uk
mailto:university.secretary@durham.ac.uk

Your rights in relation to your personal data

Privacy notices and/or consent

You have the right to be provided with information about how and why we process your personal data.
Where you have the choice to determine how your personal data will be used, we will ask you for
consent. Where you do not have a choice (for example, where we have a legal obligation to process the
personal data), we will provide you with a privacy notice. A privacy notice is a verbal or written
statement that explains how we use personal data.

Whenever you give your consent for the processing of your personal data, you receive the right to
withdraw that consent at any time. Where withdrawal of consent will have an impact on the services
we are able to provide, this will be explained to you, so that you can determine whether it is the right
decision for you.

Accessing your personal data

You have the right to be told whether we are processing your personal data and, if so, to be given a
copy of it. This is known as the right of subject access. You can find out more about this right on the
University’s Subject Access Requests webpage.

Right to rectification
If you believe that personal data we hold about you is inaccurate, please contact us and we will
investigate. You can also request that we complete any incomplete data.

Once we have determined what we are going to do, we will contact you to let you know.

Right to erasure
You can ask us to erase your personal data in any of the following circumstances:

e We no longer need the personal data for the purpose it was originally collected

e You withdraw your consent and there is no other legal basis for the processing

e Youobject to the processing and there are no overriding legitimate grounds for the processing

e The personal data have been unlawfully processed

e The personal data have to be erased for compliance with a legal obligation

e The personal data have been collected in relation to the offer of information society services
(information society services are online services such as banking or social media sites).

Once we have determined whether we will erase the personal data, we will contact you to let you know.

Right to restriction of processing
You can ask us to restrict the processing of your personal data in the following circumstances:

e You believe that the data is inaccurate and you want us to restrict processing until we
determine whether it is indeed inaccurate

e The processing is unlawful and you want us to restrict processing rather than erase it

e We no longer need the data for the purpose we originally collected it but you need it in order
to establish, exercise or defend a legal claim and

e You have objected to the processing and you want us to restrict processing until we determine
whether our legitimate interests in processing the data override your objection.

Once we have determined how we propose to restrict processing of the data, we will contact you to
discuss and, where possible, agree this with you.

Retention
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The University keeps personal data for as long as it is needed for the purpose for which it was originally
collected. Most of these time periods are set out in the University Records Retention Schedule.

Making a complaint

If you are unsatisfied with the way in which we process your personal data, we ask that you let us know
so that we can try and put things right. If we are not able to resolve issues to your satisfaction, you can
refer the matter to the Information Commissioner’s Office (ICO). The ICO can be contacted at:
Information Commissioner's Office Wycliffe House Water Lane Wilmslow Cheshire SK9 5AF

Telephone: 0303 123 1113

Website: Information Commissioner’s Office

PART 2 - PROJECT-SPECIFIC PRIVACY NOTICE

Project Title: Body Composition and Performance in Sub-Elite Rugby Union Players: a
Prospective Study

This section of the Privacy Notice provides you with information that you need to know before you
provide personal data to the University for the particular purpose(s) stated below.

Type(s) of personal data collected and held by the researcher and method of collection:

Personal data will be collected through the process of obtaining consent, including your age, sex,
number of years playing rugby and physical data (body composition and performance data).

At no point will individuals be identified in the academic theses, publications or for any other means
outside of the members of the named research team.

Lawful Basis

Collection and use of personal data is carried out under the University’s public task, which includes
teaching, learning and research.

How personal data is stored:
All personal data will be held securely and strictly confidential to the research team. Data in electronic

form will be stored on a password-protected computer. Hardcopies (e.g., consent forms) will be scanned
electronically and shredded. Data will not be available to anyone outside the research team.

How personal data is processed:

Identifiable data will be kept separate from data analysis spreadsheets, you will be assigned a participant
code for data analysis.

Withdrawal of data

You can request withdrawal of your data until data analysis is complete and ready for publication. You
have the right to request the withdrawal of your identifiable data at any time.
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Who the researcher shares personal data with:

The only individual with access to identifiable data will be the named researchers.

How long personal data is held by the researcher:

The consent form containing your personal identifiable data will be held from the end of the project for
2 years.

How to object to the processing of your personal data for this project:

If you have any concerns regarding the processing of your personal data, or you wish to withdraw your

data from the project, please contact the primary supervisor, Dr. Karen Hind
(karen.hind@durham.ac.uk).
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Appendix D: Consent Form
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Consent Form

Project title: Body Composition and Performance in Sub-Elite Rugby Union Players: a
Prospective Study

Researcher(s): Kieran Smith, Mark Christie and Harry Winham.
Department: Sport and Exercise Sciences

Supervisor name: Dr Karen Hind

Supervisor contact details: karen.hind@durham.ac.uk

This form is to confirm that you understand what the purposes of the project, what is
involved and that you are happy to take part. Please initial each box to indicate your
agreement:

| confirm that | have read and understand the Information Sheet and the
Privacy Notice for the above project.

| have had sufficient time to consider the information and ask any questions
I might have, and | am satisfied with the answers | have been given.

| understand who will have access to provided personal data, how the data
will be stored and what will happen to the data at the end of the project.

| agree to follow the Covid-secure protocols

| agree to take part in the above project, including:
1. Body Composition Test
2. Performance Testing

I understand that my participation is entirely voluntary and that I am free to
withdraw at any time without giving a reason.

Participant’s Signature Date

(NAME IN BLOCK LETTERYS)
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Researcher’s Signature Date

(NAME IN BLOCK LETTERS)
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Appendix E: Pre-DXA scan Preparation Guidance

version 1. June 2021

Pre-DXA scan Preparation Guidance

The following pre-scan preparation protocol ensures that your DXA scan results will be as
accurate as possible.

Please follow this guidance before attending your DXA scan appointment and if you have
any questions, please contact: Dr Karen Hind, karen.hind@durham.ac.uk.

My appointment is before 11am = Please fast overnight (last meal no later than
10pm)

My appointment is after 11am = Please fast for 5 hours prior to your scan
appointment

Drink 500ml of water 3 hours before your appointment

No moderate-vigorous exercise in the 12 hours before your appointment

No caffeine in the 5 hours before your appointment

No alcohol in the 24 hours before your appointment

Please wear /bring light weight, close-fitting clothing that does not contain metal,
underwire, plastic or reflective strips. Ideal clothing could lightweight shorts and t-
shirt.

A drinking water station (single use cups) is available for you to use following your scan.
Please bring a snack with you for after your scan.
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Appendix F: Debriefing Sheet

Debriefing Sheet

Project title: Body Composition and Performance in Sub-Elite Rugby Union Players: A
Prospective Study

Thank you for taking part in this study. The purpose of this project was to provide an
evidence base to inform if there is a relationship between components of body composition
and sports performance in rugby union. Consequently, this may provide practitioners such as
S&C coaches and sports scientists, with a greater understanding of how to help athletes
achieve optimal body composition, and the effect this may have on sports performance.

Now data collection has concluded, the data you have provided has been automatically
anonymised and the data which identifies you is stored separately. Should you wish to
voluntarily withdraw from the study, all data related to you will be responsibly destroyed and
you will be omitted from the study. Please note voluntary withdrawal may be requested up
until data analysis has been completed, after this point, it will not be possible to distinguish
individual data.

Once data analysis is complete, your anonymised data will be presented in Masters of
Research theses submitted to the Department of Sport and Exercise Sciences at Durham
University. The findings may also be presented at a conference, as a conference abstract and
published in a sports science/physiology journal. No names (including club names) will be
used in any output. Additionally, group findings will be presented to Team Durham RFC
coaching staff. At no point will your individual data become available to anyone outside the
research team.

Shortly you will receive your testing report from your final body composition and
performance testing sessions. If you would like further information about the study or would
like to know about the research team’s findings, when all the data have been collated and
analysed, then please contact the lead researchers using the contact details below.

If you have any further questions related to the project, please contact the lead
researchers:

Kieran Smith
Email: kieran.r.smith@durham.ac.uk

Mark Christie
Email: mark.christie@durham.ac.uk

Harry Winham
Email: harry.m.winham@durham.ac.uk
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Supervisors: Dr Karen Hind, Dr Shaun McLaren, Mr Rob Cramb and Dr Katie Di
Sebastiano.

Email: karen.hind@durham.ac.uk; shaun.mclaren@durham.ac.uk; r.k.cramb@durham.ac.uk;
kathleen.di-sebastiano@durham.ac.uk
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