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ABSTRACT

Rugby union is a dynamic sport with the physical demands of the game being
influenced by many factors including the dominant style of play and rule changes.
Optimal preparation of players for the ‘modemn’ or current game requires (i) that
research provide objective information with respect to the anthropometric and
physical performance characteristics of elite players, and (ii) that methods of
enhancing these attributes are scientifically investigated and monitored so as to
provide players with effective conditioning programmes.

The first and second sections of the study describe and compare the body
composition and physical performance attributes of elite rugby union players
during the mid pre-season, according to position of play. Two positional
categorizations were used (1) forwards vs backs, and (2) props & locks vs loose-
forwards & hookers vs backs. An additional aim was to compare the players
assessed in this study to data available on other players of similar age and
proficiency of play.

The subjects in the first section of the study were members of the SA U19 rugby
squad (n = 44, 22 forwards and 22 backs). The forwards (age 17.9 + 0.4 years,
mean + SD ) were significantly taller (186.2+ 8.1 cm vs 175.0 £ 6.0 cm, P < 0.01)
and heavier (97.9 + 10.2 kg vs 74.6 + 10.2 kg, P < 0.01), and had greater muscle
mass (54 + 6 kg vs 42+ 5 kg, P <0.01) and body fat (101 + 43 mm vs 63 £ 18
mm, P < 0.01) than the backs (age 17.7 + 0.4 years). The forwards had greater
skeletal muscle strength (leg press: 343 + 61 kg vs 285 + 61 kg, P < 0.01; bench
press: 100 + 19 kg vs 81 + 19 kg, P < 0.01) and momentum over 10 m (547 + 54
kg.m.s" vs 423 + 55 kg.m.s!, P <0.01) and 40 m (723 + 61 kg.m.s™ vs 576 + 70
kg.m.s", P < 0.01) than the backs. Despite the forwards body mass disadvantage
(being 23.3 kg heavier than the backs) with respect to mobility, the forwards did
not differ significantly from the backs in aerobic capacity (103 + 16 shuttles vs 113
+ 13 shuttles), repeat sprint ability (723 + 25 m vs 739 + 25 m), speed over 10 m



(1.79+0.12svs 1.78 £ 0.08 s) and 40 m (5.42 £ 0.38 s vs 5.23 + 0.16 s) or agility
(11.11£0.64 s vs 11.12 £ 0.53 s).

The comparative analysis suggested that body mass is a critical distinguishing
factor between elite schools players and those progressing to provincial or national
teams. In addition, the SA U19 players had similar physical performance
characteristics to elite junior players (under 21 years of age) from other ‘world’
dominant rugby nations.

The subjects in the second section of the study were members of SA senior A
provincial squads (n = 58, 35 forwards and 23 backs). The forwards were
significantly older (27.0 + 3.5 years vs 24.6 + 3.1 years), and taller (190.1 £ 8.2 cm
vs 178.9 £ 6.3 cm, P < 0.01) and heavier (109.7 + 10.5 kg vs 86.0 + 8.8 kg, P <
0.01) than the backs. They also had greater muscle mass (61 + 7 kg vs 59 + 4 kg,
P < 0.01) and body fat (100 £ 30 mm vs 67 £ 17 mm, P < 0.01). The backs
performed significantly better on the tests of aerobic capacity (115 + 16 shuttles vs
99 + 15 shuttles, P < 0.01), repeat sprint ability (739t 11 mvs 684 +38m, P <
0.01), speed over 10 m (1.78 + 0.08 s vs 1.86 £ 0.08 s, P < 0.01), and agility
(10.89+ 0.35s vs 11.72+ 0.86 s, P <0.01), vertical jump (61t 7cmvs 54 + 7 cm,
P < 0.01) and skeletal muscle endurance. The forwards generated greater
momentum over 10 m (594 + 51 kg.m.s™ vs 486 + 50 kg.m.s”, P <0.01) and 40 m
(781 £ 59 kg.m.s™" vs 664 + 71 kg.m.s”, P < 0.01) than the forwards and had
greater 1RM bench press strength (116 + 18 kg vs 101 + 17 kg, P < 0.01).

Differences in both speed and aerobic endurance, as indicators of mobility, were
assessed between the three positional categories (Props & Locks vs Loose-
forwards & Hookers vs Backs) in the current study and compared to the
differences found in a study performed on SA senior A provincial players in 1995.
it was found that the differences between the positional categories were greater in
- 1995 compared to 1998, indicating a trend toward de-differentiation of speed and
aerobic endurance between positions. The senior players of this study were
heavier than most other provincial players and national players to which they could
be compared, and as found with the SA U19 players this was most marked



amongst the forwards. The SA provincial players of this study performed poorly on
the vertical jump test relative to other senior rugby players at both club and
national level.

The third section of the study compared the body composition and physical
performance attributes of the elite SA U19 and senior A provincial players
described above. The senior backs were significantly more mobile than the
forwards, as they had greater aerobic capacity, repeat sprint ability, speed, and
agility than the forwards. This contrasted with the finding that SA U19 forwards
and backs did not differ significantly on any of these vanables. Therefore,
compared to the senior players there was homogeneity of performance attributes
amongst the U19 players.

When comparisons were made betweén senior and U19 players within the same
positional category, loose-forwards & hookers were not significantly different with
respect to any of the measures of anthropometry or physical performance. The
greatest differences between the U19 and senior players occurred in the backs,
with the senior backs having significantly greater upper (101 £ 17 kg vs 81 + 19
kg, P < 0.01) and lower (384 + 74 kg vs 285 + 61 kg, P < 0.01) body strength,
skeletal muscle endurance (push ups and sit ups), and momentum over 10 m (486
+ 50 kg.m.s" vs 423 + 55 kg.m.s™, P < 0.01) , 20 m, 30 m and 40m (664 + 71
kg.n't.:as’1 vs 576 + 70 kg.m.s‘1 , P <0.01) compared to the U19 backs.

Significant interactions (P < 0.05) for age (U19 vs senior) and positional category
(Props & Locks vs Loose-forwards & Hookers vs Backs) were found for repeat
sprint ability, speed over 20 m and 30 m and agility. Compared to the U19 players
differences between the loose-forwards & hookers and backs for these physical
performance attributes were significantly greater amongst the senior players.
These physical performance attributes were almost identical between U19 loose-
forwards & hookers and backs.

The fourth section of the study descnbed the anthropometric and physical
performance characteristics of elite South African U19 provincial players (n=34) at



the middle of the off-season and assessed the changes in these variables after the
administration of an unsupervised, 7 week off and early pre-season training
programme.

There were no changes with respect to body mass and body fat after the training
period, but significant increases occurred in the aerobic capacity (8%) and skeletal
muscle strength (1RM bench and leg press increased 8 % and 13 % respectively).
Skeletal muscle endurance (pull ups, push ups and sit ups) increased by 30 %, 13
% and 22 % respectively. Flexibility increased by 33 %, repeat sprint ability by 5
%, speed and momentum over 10 m by 3 %, and agility by 3 % over the 7 weeks
of the study (P < 0.05 pre vs post training).

In conclusion this series of studies has:

1) added to the understanding of the physical demands of rugby union,

2) shown which anthropometric and physical performance characteristics change
with increasing age and level of proficiency,

3) increased the scientific approach to physical conditioning for the game of rugby
union.

viii
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1. INTRODUCTION

1.1. Physical fitness, rugby union and exercise science -
a historical perspective

‘Physical fitness’ and ‘fitness’ in the context of this study encompass a set of
physical attributes that influence specific sports performance. Inherent in each
sport is a unique combination of athletic stresses and metabolic demands and
these determine the relative importance of each physical attribute with respect to
contributing to optimal performance in a particular sport. The physical attributes
that relate to performance on the rugby field include the general athletic fitness
components of aerobic capacity, skeletal muscle strength, skeletal muscle
endurance, flexibility, and body composition; and the sports-specific fithess
components of speed, skeletal muscle power, repeat sprint ability, agility, balance
and co-ordination (Kibler and Chandler, 1994). By participation in specific modes
of training these physical performance attributes can be enhanced by the body’s
process of adaptation to imposed stresses. Ultimately however, a genetically pre-
determined ‘ceiling’ provides a limit to which improvements in each physical
performance attribute can be facilitated by training.

Until the 1980’s physical fitness training was not conceptualized as a method that
could improve performance on the rugby field, and rugby players were able to
progress to the ranks of international status on the basis of natural size, genetic
athletic talent and skill. However in the early 1980s the idea that rugby players
could perhaps benefit from increased levels of physical fithess was popularized by
a New Zealand physical education teacher, Jim Blair. He pioneered a physical
fitness programme that was both specific to the game of rugby union, specific to
position of play and that incorporated regular fitness testing of players to gauge
the effectiveness of training programmes (Noakes and Du Plessis, 1996). At about
the same time as Blair was receiving recognition for his successful involvement
with provincial New Zealand teams, the English Rugby Football Union began a
national fitness programme under the direction of Tom McNab, a former national
athletics coach. In 1989, under coach Bob Dwyer, Australia also introduced a
programme of individualised player preparation which included extensive fithess
and strength training, nutritional and psychological counseling, and analysis of



individual playing pattens and weaknesses. All three of these countries
acknowledged the role of physical fitness programmes in contributing to their
individual successes in the 1987 (victory for New Zealand), 1991 (victory for
Australia, England runners up) and 1995 (New Zealand runners up, England semi-
finalists) World Cup Rugby events.

Although South African rugby players fell behind the dominant rugby - playing
countries in the years of isolation (1984 to 1992) with respect to physical
preparation of international class rugby union players, they quickly made up for
lost time. The appreciation of fitness in South African rugby followed Richard
Turnbull's successful involvement with the Natal rugby team in 1990 and 1992,
and the Transvaal rugby team’s success in 1993. Their success was attributed to
them following a structured pre-season physical fithess programme similar to that
of the Natal team (Noakes and Du Plessis, 1996). By 1995 South African
provincial coaches, players, and administrators, began to give greater support to
the use of fitness trainers and acknowledged the importance of year-round
training. The role of physical fitness preparation as a contributing factor to World
Cup victories was highlighted once again when South Africa won the Web Ellis
trophy in 1995. The South African coach, Kitch Christie, placed emphasis on the
physical preparation of his 1995 World Cup squad. Although he was criticised for
not basing his training methods on accepted scientific principles of training; he
proved once again that purposeful, goal directed, and innovative physical
preparation was a significant feature of successful intemational rugby union
teams.

The decade of 1985 - 1995 may be viewed as one in which physical fitness made
its mark in rugby union and it no longer has to prove its worth as a component of
optimal preparation for the game. However ‘fitness in rugby’ is still in its infancy.
Optimal preparation of players for the physical demands of rugby union,
particularly, with respect to (i) the chronic year-round training demands; (ii) the
acute physical demands of the modem style of play; and (iii) the demands of the
long competitive season, requires an innovative approach and application of
scientific principles of training. However, there is presently a lack of



comprehensive research of the anthropometric requirements and physiological
demands of the game (Nicholas, 1997). Only two published studies have provided
anthropometric and physiological data on South African players (Jardine et al.,
1988; Smit et al. as quoted in Quarrie et al., 1995). Only one of these studies was
performed on elite players and both studies were conducted prior to the era of
professionalism, the modern style of rugby, and prior to the re-entry of South
Africa into international competition.

Rugby is a dynamic game with the physical demands on the players being
influenced by factors such as the dominant style of play and rule changes.
Therefore, researchers need to provide objective information about the demands
of the ‘modern’ or current game and the assessment of, and methods of improving
the anthropometric and physiological characteristics of its players (Nicholas,

1997). Although the unpublished studies performed on South African players by
Tumbull et al. (1996) and Clark (1998) are pioneer investigations addressing these
issues, further research of this nature needs to continue.

1.2. Motivation for the study

An appreciation for the important role of physical fitness optimising on-the-field
performance is the basis of the relationship that has developed between the South
African Rugby Football Union (SARFU) and various Provincial Rugby Unions, and
the High Performance Laboratory (HPL) of the Sports Science Institute of South
Africa (SSISA).



Since 1995 SARFU has contracted the services of the HPL for a number of
purposes:

I. To promote the ‘science of rugby fitness’ to the players, coaches, fitness
trainers and medical support staff in the form of lectures, practical workshops,
seminars and handouts.

Il. To objectively assess the physical fitness of players on standardised tests
performed under controlled conditions at SSISA, and to compare players’ test
results to those of national norms.

lll. To provide players with training programmes for rugby based on current
scientific principles and physical performance test results.

During 1996 and 1897 the HPL was afforded the opportunity of assessing and
providing trairiing programmes to members of four elite ‘development’ squads.
Based on the testing and training programmes SARFU asked the following
questions:

I. How did individual players within the squad compare to one another and how
did they perform relative to provincial and national players assessed in the HPL
and in other countries?

Il. At what level should these players be performing on the fitness tests
considering their playing position, the level at which they were being
considered to play, and age?

Ill. What were the individual player's weaknesses and strengths?

IV. Was the concept of bringing elite players to the HPL from all over South Africa
for three days of intensive testing and programme prescription worth the
financial outlay - had players improved in the various fitness components
required for rugby, following the prescribed training period?

V. To what extent could players expect to improve on the fithess components
over an 8-10 week training period?

V1. What injuries did players have, did they need further medical investigation and
how should rehabilitation progress?



Initially not all these questions could be answered objectively. Limitations included:

I. Too few members in most squads for effective statistical analysis of the
effectiveness of the training intervention

IIl. Insufficient numbers of players in each positional category and lack of a
comprehensive database to make completely objective recommendations as to
what level players should be performing (although “ball park” recommendations
were made)

lil. Studies performed in other countries used different test batteries to those
prescribed for use in the HPL and although some test comparisons could be
made, these were limited by subtle protocol differences (for example the
surface upon which the multistage shuttle run and 10 and 30 m sprint were
performed).

In October 1997 SARFU contracted the HPL to assess a group of 44 elite U19
players from which the U19 team to attend the 1998 U19 Rugby Union World Cup
in France would be selected. SARFU requested that they be assessed during
November 1997, be provided with an off-season and early pre-season physical
fitness training programme, and then be reassessed in the mid pre-season
(February), one week prior to their trials which were to take place in Cape Town. It
was decided that because of the large number of players involved and the
guarantee of all players being present at both fitness testing sessions that this
project afforded the opportunity to objectively evaluate the effectiveness of a
prescribed, yet unsupervised off-season and early pre-season programme on the
recoghised components of rugby fitness.

In an attempt to better standardize testing throughout South Africa the HPL has
been contracted by SARFU to give seminars in each province on the testing of
rugby players and to provide normative data for each test. Two senior ‘A’
provincial squads (Westemn Province and Boland) underwent the same full battery
of physical fitness tests under the same controlled conditions and at the same
phase of season (mid pre-season) as the elite U19 team. It was decided therefore
that these data should be statistically analysed to provide South African players,



coaches and fithess trainers with specific fithess recommendations for different
positions for the mid pre-season for both junior and senior players.

Based on the need to provide descriptive data for elite South African junior and
senior rugby players and the ability to assess the efficacy of an unsupervised
training programme to members of various elite and development South African
Rugby Squads, the study was structured, as schematically presented below.

Nov Dec Jan Feb Mar Apr
* ‘)
Off-season | Pre-season | In - season
G 0
33 U19 elite provincial 44 U19 elite provincial players...Section 1 _
players (Aim L)
v —» Section3
33 U 19 players ‘pre-post’ training programme (Aim 1)
()
58 Senior “A”
provincial players.......Section 2
(Aim i)~
’ Section 4
(Aim IV.)

1.3. Aims of the study
The study was designed to achieve the following aims;

. To describe the anthropometric and physical performance characteristics of
players grouped by playing position (forwards and backs, and further
differentiation into props & locks, hookers & loose-forwards, and backs) within
the U19 South African squad at mid pre-season, and identify any differences
which may exist between these grouped playing positions.

ll. To describe the anthropometric and physical performance characteristics of
players grouped by playing position (forwards and backs, and further
differentiation into props & locks, hookers & loose-forwards, and backs) within



2. LITERATURE REVIEW
2.1. Physiological deman f r nion

For the rugby union fitness trainer a knowledge of the physical demands that the
game imposes on its players is critical in order to:

l. Prescribe physical conditioning programmes that are specific to the game,

Il. Select and, or design physiological tests that stress the players in as similar a
manner to which they are stressed during a game,

lll. Designing a test battery that assesses the components of fitness required to
participate at high level play, and

IV. Giving players feedback on physical performance assessments relative to the
physical demands that the player will encounter during a game.

Notational analysis, and analysis of metabolic responses (free fatty acid and blood
lactate concentrations) and physiological responses (heart rate monitoring) of
players during a rugby game are three methods which have been used in studies
to estimate the physical demands placed on rugby union players during a game.

2.1.1. Notational analysis

In rugby union notational analysis provides the coach with important technical and
tactical information. For the trainer responsible for the physical fitness of players it
provides information regarding the physical demands of the game, as it has the
ability to define, quantify and characterise movements and actions typically
performed and / or encountered by players during a game.

In the early 1970’s notational analysis was quite subjective, rudimentary and
limited in its scope. For example Evans (1973), broadly defined the physiological
demands of the game as muscular strength, power, and endurance;
cardiorespiratory endurance; flexibility and anaerobic capacity on the basis of his
subjective observations of the actions performed by the forwards and backs. Reid
and Williams (1974), on the basis that players ran 3 - 6 miles during a match,
claimed that “runnability” or cardiovascular endurance (and consequently the



measurement of maximal oxygen consumption) was the most important
physiological component that could distinguish proficiency of players.

With the introduction of video cameras and computers the information generated
by notational analysis has become more objective, detailed and precise.

2111 Defining characteristics of distance covered during a rugby
union game.

Distance covered by players during a game ranges from 4000 m - 6000 m (Reid
and Williams, 1974; Morton, 1978; Noakes and Du Plessis, 1996 and Deutsch et
al., 1998) and as shown in Tables 2.1. and 2.2., is influenced by both position of
play (Noakes and Du Plessis, 1996; Deutsch et al., 1998), and standard or level of
play (Noakes and Du Plessis, 1996) with greater distances being covered by
international players compared to club level players.

Table 2.1: Total distance covered by elite Australian U19 rugby union players.

B 0B P&L BRF

Total distance (m) 5530 5750 4400° 4080*
Walking (m) 1740 1660 1000* 992°
~Jogging (m) 2600 2110 3050 2940
Utility movements (m) 418 442 118* 154°
SpriMing (m) 208 207° 72* 944

Abbreviations: 1B, inside backs; OB, outside backs; P & L, props and locks; BRF, back row forwards;
* significantly different from IB and OB; b, significantly different from OB.
{Modified from Deutsch et al,, 1998)

The findings of Deutsch et al. (1998) and those quoted in Noakes and Du Plessis
(1996) show that backs cover significantly more distance than the forwards. This is
in contrast to the findings of Hazeldine and McNab (1991) (as cited in Pendleton,
1996) who calculated that backs cover about 4000 m and forwards approximately
20 - 30 % further, totaling an average of 5000 - 6000 m.

Using manual notation systems it has been estimated that a rugby center (caliber
of player not mentioned) can expect to cover 5800 m during a game, 1630 m of
which would be covered jogging, 2160 m walking and 2000 m sprinting (Morton,
1978).

10



Table 2.2. Total distance coverad (meters) by rugby union players in the different positions at different
levels of the game.

Position Running intensity Club players Iinternational
- players
Prop forward Total distance 3635 6100
Full speed 205 1614
% of maximum speed 3430 4488
Scrum-half Total distance 4569 6398
Full speed 1523 1828
% of maximum speed 3046 4570
Inside center Total distance 5756 -
Full speed 1981 -
% of maximum speed 3765 -
Fuliback Total distance 3857 -
Full speed 1219 -
% of maximum speed 2438 -

{Mcedified from Noakes and Du Plessis, 1996). Data for flankers and eighth men are probably similar to those
for scrum-haives (Noakes and Du Plessis, 1996).

Deutsch et al. (1998) found that during match play recovery for forwards was more
passive in nature compared to the backs as they spent significantly more time
standing still than backs (45 % vs 39 %). Compared to the elite senior players
studied by Docherty et al. (1988) the Australian U19 Colts spent relatively less
time walking (backs and forwards covering 1760 m and 995 m respectively), and
they covered greater distances jogging (backs and forwards covering 2470 m and
2990 m respectively) than estimated by Morton (1978), suggesting the Colts
exhibit a more continuous style of play than elite senior players (Deutsch et al.,
1998).

Morton’s (1978) estimation that approximately 2000 m is covered in sprint mode is
similar to the 1600 - 1900 m shown in Table 2.2. (Noakes and Du Plessis, 1996),
but is significantly further than the 94 - 208 m shown in Table 2.1. covered in sprint
mode by elite U19 Australian players (Deutsch et al., 1998). It is likely differences
in definitions of “sprinting” are responsible for such large discrepancies, or that
international players are required to sprint considerabley more than those playing
at an U19 Colts level. Deutsch et al. (1998) found that elite U19 Australian outside
backs (OB) and inside backs (IB) sprinted significantly further during a game than
forwards, and IB sprinted significantly further than the OB. Howsever, he found no
difference between positional categories for mean single sprint distance (props
and locks, 19.8 m; back row forwards, 14.5 m; IB, 18.8 m; and OB, 23.6 m).
Based on the estimations of Blair, New Zealand rugby union fitness trainer, the
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single mean sprint distances covered by the elite U19 Colts are shorter than those
covered by senior international players. Noakes and Du Plessis (1996) quote Blair
as estimating that fullbacks, wings, and centers frequently produce sprint efforts of
30 m, whereas the fly-halves more commonly produce sprint efforts of 15 m. Age
differences, measurement techniques and, or style of play may account for these
differences. Blair also estimated that backline players were generally challenged
within 10 m of starting to sprint .

Docherty et al. (1988) did not measure distance covered in each mode of activity,
but estimated the percentage of time spent performing different intensities of
activities by props and centers. He reported that only 6 % of the time involved
intense running (running and sprinting) compared to 47 % low intensity activities
(walking and jogging), 38 % standing, and 9 % non running intense activity
(tackling and competing for the ball).

Average running pace, as an indicator of intensity of play, was investigated by
McLean (1992). From analysis of the 5 games in the 1989 - 90 Five Nations
Championships he reported that the average running pace of players central to the
action ranged from 5 - 8 m.s™.

2.1.1.2. Defining the characteristics of the intermittent nature of rugby
union.

Rugby union is a game of intermittent nature. Total time with the ball in play
ranges from a minimum of about 20 minutes (25 % of game duration) to a
maximum of about 33 minutes (41 % of game duration) as shown in Table 2.3.
and the number of activity cycles have been reported to range from 98 to 184
(IRFB Conference 1998; Morton, 1978; Maud and Schultz, 1984; Menchinelli et al.,
1992; McLean, 1992; Noakes and Du Plessis, 1996; Clark, 1998).

The physiological demands of the intermittent nature of rugby union cannot be fully
appreciated by only estimating distances covered, classifying the intensity at which
the distance is covered, and counting activity cycles as reflected in Tables 2.3 and
2.4. Although these data clearly show the game is intermittent in nature they fail to
define the nature of activity and intensity of exercise performed within an activity
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cycle. In addition the data do not describe the length and intensity of rest or low
intensity work periods.

Table 2.3. Total time the ball is spent in play.

Reference Duration

Morton (1978)* 27 minutes

McLean (1991)" 29 minutes

IRFB conference® Minimum: 21 min 50 s; Maximum: 31 min 56 s

3 of the 32 RWC games exceeded 30 min ball in play time.

Abbreviations: * Results presented are a summary of findings (published 1974-75) based on the analyses of
> 55 matches (regional - intemational level) performed by Coupon, Lynch and Gray; ¥, Based on analysis of
five games in the 1989-90 Five Nations Championships; *, Data obtained from matches played in the 1995
Rugby World Cup; RWC, Rugby World Cup; min, minutes; s, seconds

Table 2.4. Number and duration of activity cycles In rugby union.

Morton (1978)* No. per game: 135

Maud and Schultz (1984) Average activity cycle of 12 s, interspersed with 26 s rest

Treadwell (1991) as cited in Ball in play for an average of 30 % of total game time (24 minutes) and

Clarke (1998) ** most of the playing time activity cycles (67 %) never exceeded 14 s in
duration.

25 % of all playing time activity cycles lasted less than 4 s, 21 % lasted
598 21 % lasted 9-14 8.

McLean (1992)* Average activity cycle 19 s

Noakes and DuPlessis (1996) °  During a match there are 125 - 160 activity cycles lasting the following

periods:
32 % less than 5 s, 24 % less than 10 s, 29 % less than 20 s, 10 % less
than 30 s, 1 % less than 50s, 1 % more than 50 s

IRFB conference (1998)" France vs Tonga = 98 playing time activity cycles, of which 63 % were
less than 15 seconds in duration, and the average length was 14 s.
Australia vs Canada = 114 playing time activity cycles, of which 45 %
were less than 15 s, and the average length was 17 s.

Abbreviations: *, Results presented are a summary of findings (published 1974-75) based on the analyses of
> 55 matches (regional - intemational level) performed by Coupon, Lynch and Gray; **, Based on
computerized notation analysis of 4 Welsh matches in the 1991 Five Nations Champlonshlps and on 17
matches which included intemationat matches and matches between club and intemnational teams; *, Based
on analysis of five games in the 1989-80 Five Nations Champmnshnps, Data obtained from two test
matches played by England against South Africa in 1994; * Data obtalned from matches played in the 1995
Rugby World Cup; s, seconds

McLean (1992) addressed this shortcoming as he determined the density of
physical work by assessing the patterns of work : rest ratios (W : RRs) during the
1989-90 Five Nations Championships. He categorized activities into low and high
intensity activities. Low intensity activities included standing, walking, and jogging,
whereas high intensity activities included running with an elongated stride,
sprinting, and non-run intense activity (rucking, mauling, scrumming). Analysis of
the pattern of W : RR’s revealed the mean duration of activity cycles to be 19
seconds with the most frequent W : RR’'sto be in the ranges of 1: 1.0- 1.9 (26 %)
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and 1 1.9-1.0(20 %) The distributions in W : RRs were similar for the five
games analysed and he showed that all bouts of high intensity exercise during a
game were followed by low intensity recovery periods, and that 67 % of the bouts
of high intensity work were followed by longer low intensity recovery periods (Fig
2.1)

Work >
Rest
m.

Wiork <
Rest
BI%

Fig-2 1. Proportion of work . rest ratios averaged gver five intemationals in 1989-90 (McLean 1992)

Deutsch et al. (1998) cailculated the W * RR of elite U19 players and found the
mean W:RR for props and locks, backrow forwards, IBandOBtobe 1. 18 1 12,
1:3.6, and 1.2 2 respectively. The forwards therefore maintained a higher W : RR
than backs and this reflected their higher intensity work rates The mean W RR
(all positions combined) of 1 ' 1.9 falis within the upper part of the range quoted by
McClean (1992) of 1: 1.1 - 1 : 1.9 for international players.

2.1.1.8. Defining the characteristics of set pieces in Rugby Union

The defining characteristics of set pieces including scrums, lineouts and rucks and
mauls are presented in Tables 2.5 - 2.8. The number of scrums during a game
range from 14 (IRFB conference, 1998) to 45 (Morton, 1978; McLean, 1992) and
during the 1995 World Cup 10 % of match time was spent scrumming (IRFB
conference, 1998). Table 2 6 shows that the number of rucks and mauls during a
game is increasing and currently the frequency averages 100 during international
games.

Table 2.5. Summary of notational data on the characteristics of serumming.

Reference | No. per No. per Duration of | Average duration of
game game each game spent
(Range) | (Average) sarum (s) scrumming (min:s)
Morton (1978)° 35-45 & - 20 {range)} 730
Mclean (1991)" 24 - 45 32 .
Noakes and Du Plessis (1996) © 16

Abbreviabions: * Results presented ara a summary of findings (publishad 1674-75) based on the analyses of
> 55 matches (regional - international level) performed b'{ﬂnupﬂn Lynch and Gray, *, Based on analysis of
five games in the 188990 Five Nations C ;7 Data obtained from two fest malches played by
England aganst South Africa in 1984, min, minutes; s. seconds
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Table 2.6. Summary of notational data on the characteristics of rucks and mauls.

Reference No. per No. per game Average duration
game (Average) of rucks and
(Range) mauls (s)
Morton (1978)* 70 +10
McLean (1991)° 62-88 73
Noakes and Du Plessis (1996) * 100

Abbreviations: no., number; s, seconds; *, Results presented are a summary of findings based on the
analyses of > 55 matches (regional - intemational level) performed by Coupon, Lynch and Gray (1974 -
1975); *, Based on analysis of five games in the 1989-90 Five Nations Championships; ¥, Data obtained from
two test matches played by England against South Africa in 1894, s, seconds

Deutsch et al. (1998) found that during a match elite U19 props and locks, and
back row forwards averaged 72 and 78 instances of rucking and mauling,
respectively whilst the inside and outside backs only engaged in 12 and 8 rucks or
mauls. With the forwards averaging 32 - 35 scrums per match, Deutsch et al.
(1998) calculated that the forwards spent an average of 13.9 % of total match time
in intense static activity (rucking, mauling, and scrummaging) whilst backs
averaged only 1.3 % of total time in such activities. Deutsch et al. (1998) suggests
that it is the relatively high involvement of forwards in intense static activity that is
the main contributor to the high intensities of work indicated by the higher blood
lactate concentrations and heart rates of the U19 forwards compared to the U19
backs.

Table 2.7 shows that in recent years the number of lineouts per game have
decreased with there being an average of 23 - 50 during the 1995 World Cup
games utilising 16 % of match time. Table 2.8 shows the duration of various kicks
performed during a game.

In summary, with the assistance of computer notation and time motion analysis
techniques the research quoted above has been able to accurately quantify the
intermittent nature of rugby union. There is general agreement that the game of
rugby union consists of short duration (on average 14 seconds) high intensity
periods interspersed with low intensity periods of recovery. These recovery
periods are generally longer than the work period with the most frequent W : RRs
being 1: 1 - 1.9. However, although data from notational analysis have contributed
to quantifying the physical demands of rugby union, the metabolic demands of the
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sport remain inconclusive as many factors exert an influence on the pattern of
activity during play. These factors include environmental conditions, fitness status,
level of play, officiating styles and tactics (Quarrie et al., 1995). To date notational

analysis has not adequately provided comprehensive quantitative information

detailing the physical demands relative to specific positions of play.

Table 2.7. Summary of notational data on the characteristics of lineouts.

Reference No. per game No. per game Duration of
(Range) {Average) each linesout (s)

Morton (1978)* 50 - 80 +15

McLean (1991) 38-46 41

Noakes and Du Plessis (1996) * 37

IRFB conference (1998)" 23-50 +23

Abbreviations: * Results presented are a summary of findings based on the analyses of > 55 matches

(regional - intemational level) performed by Coupon, Lynch and Gray (1974 - 1975); *,

Based on analysis of

five games in the 1989-90 Five Nat:ons Championships; ¥ , Data obtained from two test matches played by
England against South Africa in 1994; *, Data obtained fmm matches played in the 1995 Rugby Worid Cup; |

no., number; s, seconds

Table 2.8. Summary of notational data on the characteristics of kickstarts, freekicks, penalty kicks,

and conversions.

Type Average duration of each kick (s) No. per game
Kickstart” 23.36 4-23
Freekick” 13.29

Penalty kick at goal® 68.00

Penalty kick” 23.00

Conversions” 71.04

Abbreviations: s, seconds; no., number;
(IRFB conference, 1998)

* . Data obtained from matches played in the 1895 Rugby Worid Cup

2.1.2. Metabolic measurements

2.1.2.1. Free fatty acid and blood lactate concentrations

Van Rensburg (1984) (as cited in Jardine et al., 1988) found that plasma free fatty
acid concentrations increase three fold above resting concentration during a rugby
match and blood lactate concentrations do not increase over 4 mmol.I"', however
these data should be viewed with scepticism as the blood lactate concentration will
be significantly influenced by the exact time of blood collection. This finding gives
the impression that aerobic metabolism predominates during a rugby match, but
other studies have found greater increases in players’ blood lactate concentrations
during match play. McLean (1992) measured blood lactate concentrations in 6 .
players (4 forwards and 2 backs) during a game between two Scottish First
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Division clubs. The highest figure recorded for each individual was between 5.8 -
9.8 mmol.I". Supporting the findings of McLean (1992) is the study of Menchinelli
et al. (1992) who reported that during match play, blood lactate concentrations
ranged from 6 - 12 mmol.I", and that of Deutsch et al. (1998) who found that blood
lactate frequently approached 6 - 9 mmol.I"' for elite U19 players in positional
groups of props and locks, back row forwards and inside backs. These values
exceed both the average of 4 mmol.I'", up to where aerobic metabolism is thought
to be the major source of energy; and the range of 3.05 - 5.5 mmol.I"" measured
during steady state running (MclLean, 1992).

Thus, the results of McLean (1992), Menchinelli et al. (1992) and Deutsch et al.
(1998) reflect that rugby is a game played at a high intensity, and the oxygen
independent glycolytic pathway has an important role to play in the production of
energy during match play. Morton (1978) unlike some of his contemporanes (Reid
and William, 1974) stressed the importance of oxygen indepentent metabolism as
the dominant power system during a match (Table 2.9).

Table 2.9. Percentage of contribution of aerobic and anaerobic energy sources for various rugby
playing positions during a match.

Position The ATP-CP The oxygen The aerobic
(Phosphagen) independent glycolytic system
system (%) olyeoly:i;)tmm (%)
Tight five forwards 10 35 55
Back row forwards and scrum-haif 20 35 45
Flyhalf and centers 45 20 35
Wings and fullbacks 70 15 15

(Modified from Morton, 1978)

2122 Muscle glycogen concentrations

Jardine et al. (1988) measured muscle glycogen concentrations before (93
mmol.kg" .ww) and after (53 mmol.kg™'.ww) a rugby match, and concluded that
muscle glycogen depletion was not a factor which limited performance in a single
rugby match. Based on the data from this study these authors suggested that
there is no basis for recommending carbohydrate loading before a rugby match.
However, if players were to be involved in a series of matches over a few days, or
if players were undertaking daily intense trairiing sessions, then a high
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carbohydrate diet would be recommended to optimise muscle glycogen
resynthesis and enhance recovery (Jardine et al., 1988).

2.1.3. Heart rate monitoring

Morton (1978), estimated a backline player to have a heart rate ranging from 135 -
180 beats per minute (bpm) and an average heart rate of 161 bpm during match
play. However, these estimations should be viewed with scepticism as no
information is provided as to the technique used on which to base these estimates.
More recent work by Deutsch et al. (1998) provides an accurate and
comprehensive analysis of heart rates during match play. They measured the
amount of time spent in four heart rate zones In elite U19 Australian colt players:

> 95 %, 85 - 95 %, 75 - 84 %, < 75 %, and found the following:

I. Props and locks (58 %) and back row forwards (56 %) spent significantly more
time in the high exertion zone of 85 - 95 % of heart rate maximum (HRM) than
the inside backs (41 %) and the outside backs (34 %).

Il. The inside backs (37 %) and outside backs (39 %) spent significantly more
time in the moderate exertion zone of 75 - 84 % of HRM than props and locks
(23 %) and back row forwards (20 %).

lll. Outside backs spent significantly more time in the low exertion zone of < 75 %
than the props and locks (6 %) and back row forwards (6 %).

This heart rate monitoring study is unique in that it gives an indication of the
physiological strain placed on players in different positions and indicates the
importance of high intensity aerobic training, particularly for the forwards.

2.2. Positional role

To date the information provided by notational analysis and metabolic
measurements, with the exception of the study by Deutsch et al. (1998) have not
typically been position specific. Subjective analysis of the positional role has been
used to evaluate the physical fitness requirements of players according to their
positions (Noakes and Du Plessis, 1996; Bell et al., 1993, Evans, 1973).
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Hazeldine and McNab (1991) as quoted by Noakes and Du Plessis (1996) provide
a summary (Table 2.10.) of the fitness requirements of four basic playing groups

or units. Such descriptions provide a general overview of the positional fitness
requirements but are limited in the quantitative information they provide.

Table: 2.10. Physical performance attributes required of rugby players according to their position.

Position Type of fitness
Aerobic capacity Strength and power Speed Flexibility
Props and « Support running » Leg power for driving s Acceleration away from e« All-round
locks after line-outs and  forward in scrums, loose scrums, line-outs, loose flexibility,
scrums. scrum / mauls, line-out scrum / mauls emphasising
« Support in tackling  jumping, running with the hips and
ball shoulders
» Lower back and shouider
strength for
« Upper body strength for
binding in the scrums, line-
outs, loose scrum / mauls
Back row e« Back row players e Leg power for driving « Reaction and leg speed  » All-round
forwards run the furthest of  forward in scrums, loose for the hooker flexibility,
and all players on the scrum / maul s Acceleration fo reach the  emphasising
hooker field « Upper body strength for point of breakdown and shoulders,
(> 5000 m per binding in the scrum, line- to support the ball carrier ~ spine and
game) outs, and ruck and maul « Speed for running with hips in
o Attacking play « Upper body strength for the ball hookers
» Cover defence wrestling and ripping the ball
away in tackles and mauls
Scrum- « Running into » Leg strength to drive into the e Acceleration off the mark < Good all-
hatf, position to receive  tackler and to "stay on one’s  from scrums, line-outs, round
fly-hatf the ball feet” ruck and mauls flexibility
and « Support running «» Whole body strength to « Acceleration to make a
centers « Running with the absorb contact break
bail
« Cover defence
Backs « Most running « Leg sfrength to drive info the e Acceleration off the mark e Good all-
consists of tackler and to “stay onones ¢ Pure running speed and round
sprinting with feet” the ability to change pace flexibility,
changes of pace  « Whole body strength to and direction emphasising
» Support running absorb contact « Speed to chase kicks the hips
« Cover defence » Whoie body strength to « Speed for cover defence
make tackles
Adapted from Hazedine and McNab (1991) as cited in Noakes and Du Plessis (1896)
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2.3. Assessment of anthropometric and physical performance
characteristics

Although there is currently general consensus as to which fitness components
need to be assessed in rugby union, a wide variety of performance tests have
been used. Unfortunately the broad range used often makes it difficult to compare
the performance of rugby players between studies (Quarrie et al., 1996). The
diversity of test protocols is reflected in Table 2.11. The selection of test protocols
included in a test battery are subject to practical limitations including financial
constraints, the availability of facilities and equipment, the number of players to be
tested, the number of trained staff available to assist with testing, as well as the
needs of the fitness trainer and or coach. McLean (1993) suggests that to facilitate
the use of fitness assessments in rugby union teams, testing should be:

1. Inexpensive

2. Easy to set up

3. Short in duration

4. Able to test many players simultaneously

5. Focused on specific components of the game

6. Reliable and valid

7. Sensitive to change

This section reviews the testing protocols that have been used to assess the
recognised fitness components of rugby union with a specific focus on those used
by the High Performance Laboratory for the purpose of these studies. It presents
morphological and physiological data available for the tests reviewed, with the
latter being presented in tables and general findings or trends being discussed in
the text.



Table 2.11. Protocols used for the evaluation of the recognised components of fitness for rughy
union.

Aerobic capacity

Cycle ergometer: Submaximal Astrand / Rhyming nomogram used to predict maxima!l oxygen consumption from
submaximal heart rate (Reid and Williams, 1974; Maud and Shultz, 1984}, Peak power output test (Clark,
1998).

Treadmill: Bruce protocol (Maud, 1983), progressive treadmill test (Jardine et al., 1988).

Field tests: Multistage shuttle run according to Ramsbottom et al. (1988) protocol (Hoimyard and Hazeldine,
1993; Carison et al., 1994; Tong and Mayes, 1995; Nicholgs and Baker, 1995; Mayes and Thompson, 1995;
and Quayrie et al,, 19985 and 1996); 600 yrd running (Evans, 1973); 4 minute shuttle run (Carison et al., 1994);
Coopers 12 minute run (Reid and Williams, 1974); 3000 m run (Turnbull, 1996; Australian [nstitute of Sport
(AIS) - as quoted in Noakes and Du Plessis, 1996).

Repeat Sprint ability

5 x 20 yards (Evans, 1973); 8 x 35 m sprints with 30 seconds recovery (Tumbull, 1996); 40 m shuttle run test
according to Baker et al. (1993) (Mayes and Thompson, 1995; Nicholas and Baker, 1995); 6 X 70m intermittent
shuttie run protocol (Quarrie et al., 1995 and 1996).

Muscle Strength
Handgrip dynamometer (Maud and Shuitz, 1984; Tong and Mayss, 1995); Back lift (Evans, 1973); Bench press

and leg press using Universal gym apparatus (Maud, 1883); Bench press (Howe, 1981; AIS as quoted in
Noakes and Du Plessis, 1996); power clean - free weights (AIS as quoted in Noakes and Du Plessis, 1996);
squat - free weights (AIS as quoted in Noakes and Du Plessis, 1896 and Clark, 1998); Leg Press - free weights
(Howe, 1881).

Muscie endurance

Pull ups: Maximum number (Evans, 1973 and Tumbull, 1996).

Push ups: Clap push ups for 45 seconds (Carison et al., 1994), Maximum number at a cadence of 50
repetitions per minute (Quarrie et al., 1995, 1996).

Sit ups: Maximum number in 1 minute (Tumbull, 1996 and Maud, 1883), in 45 seconds (Carison et al., 1994).
Squat thrust: Maximum number in 45 seconds (Carison et al., 1994).

Repeated jump in place: Maximum number in 45 seconds (Carison et al., 1994).

Anaerobic power and capacity
Wingate (anaerobic power): 5 seconds (Bell et al., 1993); peak watts (Clark, 1998).
Wingate (anaerobic capacity): 40 seconds (Maud and Schuitz, 1884); 30 seconds (Bell, 1979; Clark, 1998).

Speed

30 m (Holmyard and Hazeldine, 1983), 30 m with standing and rolling start (Quarrie et al.; 1995 and 1996); 40
yard and 110 yard (Carison et al., 1994); 10 m and 35 m (Tumbull, 1896); 35 m (AIS as quoted in Noakes and
Du Plessis, 1996).

Flexibility
Sit and reach (Tong and Mayes, 1995; Tumbull, 1996; Clark, 1998).
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2.3.1. Body size, body composition and somatotype

The relationship between body size, body composition, somatotype and physical
fitness is of considerable importance in rugby union. Procedures which have been
used to evaluate these characteristics have included,;

I. Hydrodensitometry for the estimation of body density and consequently the
determination of percentage body fat.

Il. Anthropometery for a) Skinfold measurement to estimate relative and absolute
fat mass, and consequently lean body mass. b) determination of somatotype,
¢) determination of muscle mass.

Ill. Body mass

IV. Height

Bell (1979) and Bell et al. (1993) have used hydrodensitometry to measure body
density and thereby estimate percentage (%) body fat. Although
hydrodensitometry is a more direct and accurate method of body density
assessment (SEE 0.4 - 0.8 % body fat) (Norton et al., 1994) than skinfold
measurements there are practical limitations of its use as a tool of body
composition assessment of rugby players. Very few institutions have this facility, it
is time consuming, requires much tester expertise and extensive subject
cooperation (Norton et al.,1994). It therefore fails to achieve criteria 1 - 4 identified
by MclLean (1995) as necessary to facilitate the fitness assessment of rugby union
teams (page 20).

Due to the above mentioned practical limitations of hydrodensitometry, Norton et
al. (1994) encourages the use of anthropometric measurements including skinfold
thickness, limb girths, and bone breadths when assessment of large groups of
people are required. Norton et al. (1994) advocates the summing of 4 - 8 skinfold
thickness measurements as the most accurate means of evaluating body fat in
games players, in preference to estimating % body bat from body density
predicted via skinfold measurements.



Test - retest reliabilities for sum of skinfolds measurement errors determined by
interclass correlation coefficients have been reported to be greater than 0.99; and
technical error of measurement to be equal to 0.4 mm for repeated measures
when skinfold measurements have been performed on sportspersons. When two
or more testers measure the same site TEM has been reported as 1.0 - 2.0 mm,
but less when testing athletic populations (Norton et al., 1994). The procedure of
summing skinfolds eliminates two errors, that of transforming skinfold thickness (in
mm) to a body density estimate which has a standard error of estimate (SEE) of
about 2.3 % body fat, and secondly transforming body density to % body fat which
has a SEE of 2.6 - 3.8 % body fat (Norton et al.,1994).

As shown in Table 2.12. most studies estimate absolute and relative lean body
mass (LBM) after having predicted relative fat mass. Although the calculation of
sum of skinfolds (without further use of an equation to derive relative fat mass)
does not allow for the determination of LBM, muscle mass can be estimated from
the equation of Martin et al. (1990). This equation uses the measurements of
height and three limb girths corrected for skinfold thickness (forearm, mid-thigh
and calf) and estimates skeletal muscle mass with an SEE = 1.53 kg and I =
0.97.

The body size, body composition and somatotype of rugby union players are well
documented in the literature and are summarized in Table 2.12. The different
formulae used to derive body density and relative fat mass by the various
investigators makes comparison between the studies difficult. However,
collectively the studies do identify trends and characteristics and show that body
size, body composition and somatotype of rugby union players are influenced by
age, grade of play, position of play and phase of season.

Due to the different roles and performance requirements of forwards and backline
players, most studies have investigated the anthropometric profiles of these two
groups separately. Differences found between these two playing units and within
these units (when further positional differentiation is made) show that there are
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optimal characteristics for body size, body composition and physique for the
various playing positions.

Compared to backline players matched for age group or level of play forwards are
significantly taller (Maud and Shultz, 1984; Hoimyard and Hazeldine, 1993;
Nicholas and Baker, 1995; Mayes and Thomson, 1995; Carison et al., 1994) and
heavier (Bell, 1979; Maud and Shultz,1984; Holmyard and Hazeldine, 1993;
Carison et al., 1994; Nicholas and Baker, 1995; Mayes and Thompson, 1995;
Turnbull, 1996). Forwards have a greater amount of body fat (absolute and
relative to their body mass) ( Bell, 1973; Bell, 1979; Maud and Shultz, 1984;
Carison et al., 1994, Nicholas and Baker, 1995; Mayes and Thompson, 1995;
Tumbull, 1996 } and lean body mass (Bell, 1979; Maud and Shultz, 1984; Nicholas
and Baker, 1995) compared to backline players. However, Jardine et al. (1988)
found no difference in height and % body fat between forwards and backs playing
in a University team.

Table 2.13. shows that forwards playing in the 1990’s are more endomorphic and
less ectomorphic than backline players (Quarrie et al., 1995; Carlson et al., 1994).
Carison et al. (1994) found the American national level forwards to be more
mesomorphic than their backline counterparts, whereas Quarrie et al. (1995) found
that amongst New Zealand club level players forwards did not differ significantly
from backline players with respect to mesomorphy. The latter finding supports the
prediction of Noakes and Du Plessis (1996) regarding the de-differentiation of

~ specific body types for specific playing positions as the role of backline players
becomes more similar to that of the loose-forwards.

Bell (1979), Bell et al. (1993), Quarrie et al. (1996) and Tumbull (1996) assessed
differences within the categories of forwards and backs. Bell (1979) found no
differences in body mass, percentage body fat, relative and absolute lean body
mass within the 5 forward playing positions. The only significant difference was
between hookers and eighth men with the latter having 11 kg greater lean muscle
mass.
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Table 2.12. Body size and body composition of rugby union players.

Playing level Age Ht BM 88 BF LBM  Reference Comment

and position  (yrs) (cm) (kg) {mm) (%) (kg)

USA Elite Carison et al. - Training squad includes

Forwards 268 1868 991 8S59=117 135 857 (1994) national, junior and

Backs 258 1789 808 ©SS9=81 92 734 development players.
- Forwards were
significantly taller and
heavier than backs.
- Forwards had a
significantly greater SS
skinfolds than backs
BD - Jackson and Pollock
(1978)
BF - Sin (1961)

USA National

Forwards 1873 944 §S83=34 105 844 Maudand - Forwards were

Backs 1759 782 883=28 78 721 Schuitz significantly taller, heavier,

(1984) had higher sum of skinfolds

and had greater lean body
mass.
BD - Jackson and Pollock
(1978)
BF - Sini (1961)

USA Club

Forwards 30.7 1807 87.7 124 76.7 Maud (1983) - Tested end-of-season

Backs 26 1784 805 1.7 710 - No significant
anthropometric differences
between forwards and
backs.
BD - Jackson and Poflock
(1978)
BF - Brozak (1963)

South Africa

Club 231 1875 98 162 829 Jardineetal. - Forwardswere

Forwards 224 1805 794 135 69.8 (1988) significantly heavier than

Backs backs, and had significantly
greater absolute muscle
mass.
BF - Dumin and
Womersley (1974)

Wales

2nd -class Bell (1980) - Tested end of pre-

Prop 1809 909 169 832 season

Hooker 1735 776 17.2 823 - Significant difference in

Lock 1879 988 156 844 height and weight between

No. 8 189.1 869 116 89.0 forward positions

Flanker 180.2 86.3 1214 879 BD- hydrostatic weighing
BF - Sin equation (1956)

German Club

Forwards 188.3 99.7 Kuhn (1993) - Tested in-season

Backs 1803 779

England 2nd

class 21.0 83.4 195 67.3 Beli (1979) - Forwards significantly

Forwards 73.8 122 647 heavier, with greater fat

Backs mass (relative and
absolute) and relative LBM,
- no significant difference in
absolute LBM
BD - hydrostatic weighing
BF - Siri (1956)
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Table 2.12 cont. Body size and body composition of rugby union players

Playing level Age Ht BM SS BF LBM Reference Comment
and position (yrs) (cm) (kqg) {mm) (%) (kg)
italian ‘A’
League Casagrand - Forwards significantly
Forwards 1843 964 e and heavier and had greater
Backs 1804 813 Viviani relative fat mass.
(1993)
Wales
1st Class 23.7 Nicholas - No difference between
Forwards 186.2 73 11.1 865 and Baker grades on any variables other
Backs 1776 793 8.0 73 (1995) than age.
2nd class 214 - Forwards significantly taller
Forwards 185.7 91.0 119 802 and heavier, had a greater
Backs 1785 782 86 714 % body fat, and greater lean
body mass than backs.
BD - Bell (1982), BF - Siri
(1956)
Wales Senior
Forwards 103.4 SS4=40 Mayes and - Tested end of pre-season
Backs 839 $SS54=29 Thompson - No significant differences
Elite U21 {1995) between senior and U21
Forwards 970 SS4=44 players on any variables.
Backs 784 SS4=30 - In both groups forwards
were heavier and had higher
values for skinfold thickness.
England
National Holmyard - Values reported were
Forwards 29.2 184 100.3 133 870 and recorded the at mid-season
Backs 269 175 83.0 114 753 Hazeldine test session.

{1993) - Forwards were significantly
older, taller, heavier, and had
higher percentage body fat
values than backs.

BF - Dumin and Womersley
{1974)

Wales Senior

squad Tong and -Tested during the off-season

Forwards 256 187 1051 SS4=50 Mayes

Backs 246 176 826 SS4=36 (1995)

Forwards 188 1056 ©SS54=46 - Tested end-of-pre-season

Backs 177 815 $SS4=33 - Forwards and backs
decreased their sum of
skinfold values during the
pre-season training period.

New Zealand

Senior A club Quarie et - Tested pre-season

Forwards 227 1880 985 al. (1995)

Backs 219 1778 818

Senior B Club - Senior A players

Forwards 255 181.2 88.1 significantly heavier and taller

Backs 25 1765 773 than senior B.

" U21 Club - Senior A players

Forwards 189 1833 894 significantly heavier than U21

Backs 189 1775 755 players

u1e /18

Forwards 16.7 1802 826

Backs 171 1754 720




Table 2.12 cont. Body size and body composition of rugby union players

Playing level Age Ht BM SsS BF LBM Reference Comment

and position (yrs) (cm) (kg) (mm) (%) (kg)

New Zealand

Senior A Club Quarie et - Sample sizes 10 - 13

Props 1822 1028 al. (1996) players in each category

Hookers 1788 897 - Back five forwards

Locks 1918 1019 significantly taller than the

LF 1863 96.3 front row forwards, but no

IB 1727 75.0 significant difference in

MB 1797 859 weight

OB 1794 834 - Midfield and outside backs
were taller and had
significantly greater body

mass than the inside backs.

Abbreviations: yrs, years; cm, Ht, height; centimeters, BF, body fat; %, percentage; SS, sum of skinfolds with
the number adjacent to the SS indicating the number of skinfolds that were summed to derive the total; mm,
millimeters; BM, body mass;kg, kilograms; P, props; L, locks; LF, loose-forwards; H, hookers; IB, inside
backs; MB, midfield backs; OB, outside backs. BD, body density; and BF, body fat indicate the reference for
the equations or formulae used to derive body density and body fat estimates.

Quarrie et al. (1996) reported that amongst New Zealand senior A club players
the back five forwards were significantly taller than the front row forwards, and
locks were significantly taller than loose-forwards. They found no significant
differences in the body mass of front row and back row forwards, but the front row
forwards were more mesomorphic and less ectomorphic than the back five
forwards. Amongst the backline players the only significant differences were in
body size with the midfield and outside backs being both heavier and taller than
the inside backs.

Bell et al. (1993) divided members of the Welsh national squad into three groups -
props & locks, and loose-forwards & hookers, and backs. The three groups did not
differ with respect to height or % body fat (props & locks 16%, loose-forwards &
hookers 12 %, and backs 13 %) or relative fat free mass, but both groups of
forwards were significantly heavier than the backs and had greater absolute fat
free mass. Turmbull (1996) divided South African senior A provincial players into
the same three categories as Bell et al. (1993) and found that the props & locks
and the loose-forwards & hookers were heavier and had greater subcutaneous fat
levels than the backs. This pattern of differences existed at the end of the off-
season, at the end of the pre-season (Table 2.14) and in the middle of the season.
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Table 2.13. Somatotypes of Rugby union players.

Playing level and position Somatotype Reference Comment
End - Mes - Ect
Wales 1st class college players {*) Bell (1979)
Forwards 45-50-25
Backs 40-50-25
Wales 2 nd class col rs
Forwards loge players () 45-45-25
Backs 40-45-3.0
England 1st and 2nd club team players (**)
Forwards and Backs combined 3.5-55-20 Raeilly and - No significant difference
Hardiker in somatotype between
(1881) forward and backs
Halian ‘A’ league players (***)
Forwards 35-8.1-1.0 Casagrande - Backs less endo-
Backs 26-49-20 and Viviani mesomorphic (and more
(1993) ectomorphs)
USA Elite players (***)
Forwards 31-66-1.2 Carison et - Backs were significantly
Backs 24-59-1.8  al (1994) lower on endomorphy and
mesomorphy, and higher
on ectomorphy.
New Zealand players (***)
Senior A club players 3.7-65-11 Quarrie et - Tested pre-season
Forwards 25-6.2-14 al. (1985) Forwards significantly more
Backs endomorphic and less
ectomorphic than backs.
Senior B Club players
Forwards 32-60-14 - Positions did not differ
Backs 29-53-18 significantly in terms of
mesomorphy,
U21 Club players
Forwards 3.6-59-15 - Senior A players
Backs 24-54-22 significantly taller, heavier
and more mesomorphic
than Senior B.
U19/18 players
Forwards 3.4-56-20 - Senior A players
Backs 22-55-23 significantly heavier, more
mesomorphic and less
ectomorphic than U21
players
New Zealand playars (***)
Senior A club players Quarrie et - Front row forwards
Props 45-75-05 al. (1996) significantly more
Hookers 36-71-09 mesomorphic and less
Locks 3.7-59-16 ectomorphic than back five
Loose-forwards 3.7-62-13 forwards.
Inside backs 23-62-15
Midfield backs 31-67-13
Outside backs 24-60-16

End - Mes - Ect, endomorphy - mesomorphy - ectomorphy; *, Pamell method as cited 