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ABSTRACT

This study analyzed the physical fitness and anthropometric
characteristics of young Brazilian rugby players, considering sex,
age group, and playing position. The sample consisted of 106
children (U13 and U15) and adolescent (U17 and U19) Brazilian
rugby players of both sexes. Anthropometric characteristics
(body mass, height, waist circumference, body mass index,
and waist-to-height ratio) and physical fitness performance
(abdominal muscle strength, horizontal jump test, 20-m linear
sprint, push-ups, and 5-10-5 agility test) were assessed by an
experienced researcher after a standardized warm-up. Results
varied by sex, age group, and playing position. Overall, with
few exceptions, male and adolescent players had higher levels
of both physical fitness and anthropometric characteristics.
Similarly, playing position analysis revealed specific patterns
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that reflect the demands of each distinct position on the field.
This study provides generalizable, position-specific metrics that
may be useful to the rugby community.

KEYWORDS: anthropometry, body mass index, physical fitness,
playing position, rugby, youth rugby.

RESUMEN

Este estudio analizé la condicion fisica y las caracteristicas
antropométricas de jovenes jugadores brasilefios de rugby,
teniendo en cuenta el sexo, la edad y la posicion en el terreno
de juego. La muestra constaba de 106 jugadores brasilefios de
rugby de ambos sexos, de las categorias sub-13, sub-15, sub-17y
sub-19. Un investigador experimentado midi6 las caracteristicas
antropométricas (masa corporal, altura, circunferencia de la
cintura, indice de masa corporal y relacién cintura-estatura) y el
rendimiento fisico (fuerza muscular abdominal, prueba de salto
horizontal, sprint lineal de 20 m, flexiones de brazos y prueba
de agilidad 5-10-5) después de un calentamiento estandarizado.
Los resultados variaron en funcién del sexo, la edad y la posicion
en el terreno de juego. En general, con pocas excepciones, los
jugadores masculinos y juveniles presentaron un mayor nivel
de condicién fisica y caracteristicas antropométricas. Del
mismo modo, el andlisis de la posicion de juego revel6 patrones
especificos que reflejaban las exigencias de cada una de ellas.
Este estudio proporciona métricas generalizables y especificas
de la posicion que pueden resultar Gtiles para la comunidad del
rugby.

PALABRAS CLAVE: antropometria, indice de masa corporal,
condicion fisica, rugby, rugby juvenil.
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RESUMO

O estudo analisou o condicionamento fisico e as caracteristicas
antropométricas de jovens jogadores de rugby brasileiros,
considerando sexo, faixa etdria e posicao de jogo. A amostra
consistiu em 106 jogadores de rugby, de ambos os sexos, das
categorias infantil (sub-13 e sub-15) e juvenil (sub-17 e sub-19). Um
pesquisador experiente mediu as caracteristicas antropométricas
(massa corporal, altura, circunferéncia da cintura, indice de
massa corporal e relacdo cintura/altura) e o desempenho de
condicionamento fisico (forca muscular abdominal, teste de salto
horizontal, corrida linear de 20 m, flexdes e teste de agilidade
5-10-5) apdés um aquecimento padronizado. Os resultados
variaram de acordo com o sexo, a faixa etdria e a posicao de
jogo. Em geral, com algumas excegdes, os jogadores masculinos
e juvenis apresentaram niveis mais altos de condicionamento
fisico e caracteristicas antropométricas. Da mesma forma, a
andlise da posicao de jogo revelou padroes especificos que
refletem as exigéncias de cada uma. Este estudo fornece métricas
generalizaveis e especificas para cada posicao, que podem ser
Gteis para a comunidade do rugby.

PALAVRAS-CHAVE: antropometria, indice de massa corporal,
condicionamento fisico, rugby, rugby juvenil.

INTRODUCTION

Rugby is a field invasion sport characterized by high-intensity
activity and collisions (Ross et al., 2014). Since its inclusion in
the 2016 Olympic Games, the sport has experienced a growth
in popularity worldwide, leading to an increase in national rugby
programs in several countries (Engebretsen & Steffen, 2010;
Fuller et al., 2017). This growth has also attracted the interest
of researchers to better understand the demands of the sport
(Henderson et al., 2018).
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Brazil has followed a similar trend. Since the sport arrived in
the country at the end of the 19" century (Gutierrez et al., 2017), it
has grown steadily, with an increasing number of practitioners and
competitions. Today, there are thousands of regular practitioners
and several teams throughout the country. In recent years, efforts
have been made to increase the practice of rugby XV (15-a-side
rugby) throughout the country, with players migrating from rugby
sevens to rugby XV. Although young athletes should avoid early
specialization in specific positions due to their early stages of
physical development, positional differentiation has been to
enhace player safety, particulary during scrums.

This increases participation, especially among children
and young people. With the growing demand for rugby, it is
necessary to understand the characteristics that may influence
their performance in the sport. Additionally, rugby is a sport
whit high physical demands, requiring attributes such as
speed, power, strength, and agility, which requires several
physical characteristics from athletes and practitioners of this
modality (Lopes et al., 2011). Recent studies have focused on
the anthropometric and physical characteristics of male athletes
from different categories who compete in this sport (Gabbett,
2005; Sella et al., 2019). Differences among young competing
athletes have been observed (Chiwaridzo et al., 2024; Owen
et al., 2020; Pino-Ortega et al., 2021; Scantlebury et al., 2022),
in addition to the specifics demands of each playing position
(Owen et al., 2022).

For instance, it is well established that senior forwards have
a higher body weight and fat percentage than back players
(Dacres-Manning, 1998), but the difference between forwards
and backs diminishes as the level of play increases. It has also
been demonstrated that first-level senior forwards (11.1 = 1.2%)
have a lower body fat percentage than second-level athletes
(13.3 = 1.0%) (Rigg & Reilly, 1988). A strong correlation has been
observed between body mass and strength in the scrum, and
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recently, high mobility in senior forwards has been associated
with high muscle mass and low fat mass (Duthie et al., 2003).

Differences in physical attributes have been suggested as
key discriminators between playing standards and age categories
in rugby union (Jones et al., 2019). Anthropometric and
physiological factors are often analyzed together, as body mass
and speed correlate with force production and momentum,
which are critical in the sport (Barr et al., 2014). For rugby
union players, positional differences are crucial as different roles
require different anthropometric profiles. Indeed, in males, even
at a young age, forwards were found to be heavier, taller, and
older than U15 and U21 French (Sedeaud et al., 2012) and U16
Irish (Delahunt et al., 2013) back players, with body mass being
the significant predictor of role position.

In addition, fat percentage also serves as distinguishing
factor among players, with variations based on playing position
(Fontana et al., 2015). However, in female players, the physical
characteristics between forwards and backs are less pronounced
compared to male players (Quarrie et al., 1996, Smart et al.,
2013), and these positional differences are also less clear at
lower standards, suggesting that physical performance and
anthropometric characteristics are less pronounced in female
rugby. Despite this, some studies have reported an increase in
body mass over the years, as the standard of the female game has
improved (Woodhouse et al., 2022). However, such determinants
of physical performance have not yet been reported for young
female players.

Overall, previous research has shown that elite male
rugby union players exhibit superior physical characteristics
compared to sub-elite male players, such as: (a) maximal speed,
(b) acceleration, (c) momentum, (d) maximal strength, (e) peak
power, (f) agility and change of direction performance, and (g)
speed endurance and aerobic qualities (Dimundo et al., 2021).
In addition, it is well established that rugby union has a clear
diversification of physical demands for forwards and backs in
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terms of total distance, accelerations, and number of collisions
(Cahill et al., 2013; Deutsch et al., 2007; Smart et al., 2013; Vaz
et al., 2016; World Rugby, 2023).

Among, female athletes, some studies have also reported on
the differences between the physical characteristics of forwards
and backs, and the results are somewhat similar to those reported
for male athletes (Woodhouse et al., 2022; Yao et al., 2021).
However, no studies have compared the physical characteristics
of athletes at different levels of play, and all available studies
have examined elite athletes only.

A comprenhensive understanding of physical fitness and
anthropometric  characteristics across different sexes, age
categories, and playing positions may provide important
information for the development of specific training programs
(Tessutti et al.,, 2019), in addition to being useful for coaches
and technical staff to improve the competitive performance of
young rugby players. The results of this study can also help to
understand how young Brazilian athletes perform compared to
their peers from other countries, which is important information
given that the main goal of the Confederacao Brasileira de Rugby
(CBRu) is to compete at the highest level.

Therefore, this study aimed to analyze the physical fitness

and anthropometric characteristics of young Brazilian rugby
players, considering sex, age category, and playing position.
The first hypothesis is it that male players could have a greater
height, body mass and better performances in physical fitness
performances compared to female players, as well as older
players compared to younger ones.
The second hypothesis relates to the positional group, where it is
expected that front row forwards will have larger body mass and
better performance on physical strength assessment compared
to back row forwards and backs. However, it is expected that
backs will have superior performance on speed and agility
tests compared to front row forwards and back row forwards,
following a worldwide trend.
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METHODS

Participants

Se The sample was defined by convenience and classified as
non-probabilistic and consisted of 106 young Brazilian rugby
players from the child (U13 and U15) and youth (U17 and U19)
age groups (64 males: 32 boys and 32 adolescents; 42 females:
22 girls and 20 adolescents). All players who completed all
suggested tests were included in the study.

Study Design

Thisstudywasapprovedby the University Research Ethics Committee,
under protocol number 6.249.079 (CAAE: 72676623.7.0000.8124)
and followed the ethical recommendations of the Declaration of
Helsinki for the study of human subjects.

Participants received a verbal explanation of the experimental
design of the study. All tests were administered by an
experienced researcher, and the order of testing was the same for
all players: anthropometric characteristics were measured first,
followed by the measurement of physical performance. Verbal
encouragement was provided during all testing to ensure that
the players performed to the best of their ability. Testing lasted
approximately 25-30 minutes for each player and was conducted
at the Melina Rugby Training Center (Cuiabd, Brazil) between
08:00 and 10:00. All players were given a standardized warm-
up consisting of 10 minutes of drills and 5 minutes of static and
dynamic stretching. This protocol was used in the Tessutti et al.
(2019) study.

For data collection, the anthropometric characteristics (body
mass, height, waist circumference, body mass index (BMI),
and waist-to-height ratio) and the physical fitness performance
measures (abdominals, horizontal jump test, and 20-m linear
sprint) were measured according to the PROESP-BR protocol
(Gaya et al.,, 2021; Mello et al., 2016; Pelicer et al., 2016;

Bicudo, F. O., Aradjo, E. M., Garcia, J. P. O. de J., Figueiredo, L. S., Prado,
62 A. K. G., & Castro, H. de O. (2024). Analyzing Physical Fitness and
Anthropometry of Child and Adolescent Rugby Players in Brazil



Tessutti et al., 2019). Push-up test was measured according to
the protocol described in the studies by Tessutti et al. (2019) and
Pelicer et al. (2016), and the 5-10-5 agility test was measured
according to the protocol described in the Manual de Testes
Fisicos: Brasil Rugby 2019-2023 (Guerriero et al., 2020).

Anthropometric Characteristics

Body mass and height were measured using an electronic
weight scale with a stadiometer (Filizola Inc.®, Brazil), with an
accuracy of 0.1 kgand 0.1 cm, respectively. Waist circumference
was measured using a flexible tape measure with a resolution of
0.1 cm (Sunny®, Brazil), and the measurement was taken at the
midpoint between the lower edge of the last rib and the upper
edge of the iliac crest. BMI was calculated as the body mass (kg)
divided by the square of height (m?) and expressed in kg.m-2.
Waist-to-height ratio was calculated as the ratio (division) of
waist circumference to height in cm [waist(cm)/height(cm)].

Measuring Physical Fitness

e Abdominal Muscles: The abdominal strength/resistance was
assessed using the trunk flexion test, where players performed
the maximum number of repetitions of the abdominal exercise
for 1 minute.

* Horizontal jump test: The measurement was made with a
tape measure fixed to the ground, perpendicular to the starting
line. The start line was indicated by one of the lines marking the
field. The zero point of the tape measure was on the start line.
The player stood immediately behind the start line with parallel
feet and slightly apart, knees slightly bent, and upper body
slightly forward. At the signal, the athlete jumped with both feet
simultaneously as far as possible. The result was recorded in
cm.
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® Push-up test: Upper body strength and endurance were
assessed by performing the 90° push-up test for 1T minute. The
number of repetitions was recorded.

e 5-10-5 agility test: Performance was determined by the
time to complete the task. The athlete begins the test standing
perpendicular to the midline with the fingertips of the left hand
touching the ground. The athlete runs to the right, touching the
right foot and hand at or beyond the 5m line, changes direction
180°, runs 10m, touching the left hand and foot at or beyond
the line, changes direction 180° again and, finishes in the same
place where the test began. Each athlete performed two trials in
a T-minute rest in-between. The best time was recorded.

® 20-m linear sprint: Linear speed was determined by the
execution time (seconds) of a timed 20-m linear sprint. Timing
began when the subject moved from a 2-point (base-running)
stance. Linear sprint times were determined using a speed
digital handheld stopwatch (Germany, -0.04 + 0.24 s). Three
trials were performed in a 1-minute rest between each trial. The
best time was recorded.

Statistical Analysis

Data normality was analyzed using the Shapiro-Wilk test. For
variableswithnon-normaldistribution, logarithmictransformation,
radius transformation, or reciprocal transformation was used,
depending on the characteristics of the data distribution. Three-
Way ANOVA was used to test the effect of sex, category, and
position on physical performance and anthropometric variables,
a. Specific differences in the position factor were identified
using the Bonferroni post hoc. The significance level used was
a< 0.05. Data were analyzed using the SPSS statistical package,
version 18.0.

Bicudo, F. O., Aradjo, E. M., Garcia, J. P. O. de J., Figueiredo, L. S., Prado,
64 A. K. G., & Castro, H. de O. (2024). Analyzing Physical Fitness and
Anthropometry of Child and Adolescent Rugby Players in Brazil



RESULTS

There were no statistically significant interactions among the
factors were found. A main effect for sex was found for seven
variables. Male athletes had greater height (p < 0.001), body
mass (p < 0.001), abdominal repetitions (p = 0.016), horizontal
jump test (p < 0.001), agility (p < 0.001), and speed (p < 0.001)
than female athletes did, but performed fewer arm flexion repe-
titions (p = 0.017). See Table 1.

Sex ANOVA

Male Female (main effects)

Mean +SD Mean +SD F P
Body Mass (kg) 63.59 +16.19 55.42 +11.00 13.250 < 0.001
Height (cm) 171.08 +10.14 158.79 +7.98 39.404 <0.001
Waist Circumference (cm) 75.07 +9.89 73.61 +7.47 1.713 0.194
BMI (kg-n) 21.49 +4.22 21.88 +3.25  0.003 0.954

Waist-to-Height Ratio (cm)  0.44 +005 0046 Lpp5 3.103 0.081

Abdominals (repetitions) 4186 +837 3586 +6.72 5976  0.016
Horizontal Jump Test (cm) ~ 1.83 031  1.45 +0.20 28341 <0.001

Push-Ups (repetitions) 30.02 +10.40 3557 +£10.37 5.929 0.017
5-10-5 Agility Test (s) 6.06 +0.43  6.66 +0.49 19.196 <0.001
20-m Linear Sprint (s) 3.95 +0.33 4.37 +0.29 23.461 <0.001

A main effect of category was found for six of the ten variables
analyzed. Athletes in the juvenile category had significantly
greater height (p = 0.034), body mass (p = 0.011), BMI (p = 0.049),
horizontal jump test (p = 0.050), agility (p = 0.037), and 20-m sprint
tests (p = 0.043) than athletes in the infantile category (Table 2).
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Table 2. Mean + standard deviation of player characteristics between categories

and results of main effects ANOVA

Category ANOVA (main
Children Youth effects)
Mean +SD Mean +SD F p
Body Mass (kg) 56.71 +16.01 64.13 +£12.63 6.682 0.011
Height (cm) 163.19 =11.72 16935 =+9.53 4.639 0.034

Waist Circumference (cm)  73.53  £9.93 7549 +7.89 1.061 0.306
BMI (kg-m?) 21.07 +438 2224 +3.15 3978 0.049
Waist-to-Height Ratio (cm)  0.45 +0.06 0.45 +0.04 0.064 0.801
Abdominals (repetitions) 3848 +£845 4049 +8.01 1.228 0.271

Horizontal Jump Test (cm)  1.60 +0.31  1.76 +0.33  3.929 0.050

Push-Ups (repetitions) 30.48 +£12.23 34.02 +£8.57 0.089 0.766
5-10-5 Agility Test (s) 6.43 +0.55 6.16 +0.50 4.496 0.037
20-m Linear Sprint (s) 4.20 +0.36 4.03 +0.38  4.227 0.043

Only abdominal strength and the horizontal jump test did not
show a main effect of position factor. Post hoc analysis showed that
front row players had significantly greater body mass (p < 0.001),
waist circumference (p < 0.001), BMI (p < 0.001), and waist-to-
height ratio (p < 0.001) than back players and greater body mass
(p = 0.023), waist circumference (p = 0.018), BMI (p = 0.007), and
waist-to-height ratio (p = 0.008) than back row players. In contrast,
back players performed a greater number of push-up repetitions
(p = 0.022) and completed the agility test in less time (p < 0.001)
than front row players. Back players also had a significantly shorter
20-m linear sprint time compared to front row (p < 0.001) and
back row players (p = 0.009) (Table 3).
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Table 3. Mean * standard deviation of player characteristics between playing positions and
results of main effects ANOVA

Position ANOVA (main
Front Row Back Back Row effects)

Mean +SD Mean +SD Mean +SD F p

Body  Mass
(kg)

Height (cm) 168.00 =+ 11.81 16535 +10.46 167.29 +13.12 3.557  0.032

71.93  £19.68% 56.46 +11.35 59.39 +10.29 16.221 <0.001

Waist Circum- .
82.11 +12.37% 72.00 +6.34 73.55 +5.92 11.885 < 0.001
ference (cm)

BMI (kg-m?) 25.13 +4.72%  20.52 +2.97 21.16 +2.39 14.883 < 0.001
Waist-to-
Height Ratio 0.49 +0.06"%  0.44 +0.04 0.44 + 0.05 8.312 < 0.001
(cm)
Abdominals

. 35.37 +7.65 41.12 +8.19 38.50 +7.46 2.852 0.063
(repetitions)
Horizontal

1.52 +0.24 1.73 +0.34 1.70 +0.30 2.164 0.121
Jump Test (cm)

Push-Ups )
. 28.17 +9.46 34.59 +10.77 27.64 +£9.21 6.155 0.003
(repetitions)
5-10-5 Agility X
6.60 +0.46 6.18 +0.55 6.33 +0.45 3.679 0.029
Test (s)

20-m  Linear . .
. 4.37 +0.32 4.01 +036 4.25 +0.27° 8.228  0.001
Sprint (s)

Note. (*) Statistically significant difference (p < 0.05) from back players. (#) Statistically significant
difference (p < 0.05) from back row players.

DISCUSSION

This study analyzed the physical fitness and anthropometric charac-
teristics of young Brazilian rugby players, taking into account sex,
age group, and playing position. The main findings of the study are
as follows. In the sex analyses, male players exhibited greater height,
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body mass, abdominal repetitions, horizontal jump performance,
agility, and linear speed compared to female players, while female
players demonstrated higher upper limb strength.

Regarding the age category analyses, youth athletes had
greater body mass, height, BMI, horizontal jump test, agility,
and linear speed than child players. Finally, the playing position
analyses showed that front row players had greater body structure
than back players and back row players. The backs were more
agile and had higher upper limb strength scores than the front
row players. They were also faster than both front row and back
row players. The first finding relates to the effect of sex on test
performance, with males performing better overall. These results
do not differ from the study by Lesinski et al. (2020) with similar
samples.

However, in our study, the female players showed higher
upper limb strength than the male athletes, which may be
somewhat unexpected and contradicts our first hypothesis.
This result may have been influenced by the specificity of the
evaluation protocols between male athletes (who performed
the push-ups without their knees on the ground) and female
athletes (who performed the push-ups with their knees on the
ground). Another factor that may have influenced the results in
this particular test is the fact that the execution is affected by the
body weight of the athletes. Therefore, athletes who are lighter
and have a higher percentage of lean body mass are likely to
have an advantage in performing this test, making it a better
assessment of relative strength.

Our second finding is consistent with the second hypothesis
and is similar to the previous results, indicating that significantly
higher body height and mass with increasing age is a natural
process on the path from childhood to adolescence, despite
the effect of maturity status (Lesinski et al., 2020). Motor
development depends on and is influenced by growth and
maturation, and consequently affects physical fitness (Malina
et al., 2004).
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In addition, older athletes were faster, more agile, and
more powerful than younger players. However, no differences
were found in the push-up and abdominal tests. As previously
discussed, the influence of body weight on the performance of
these tests may explain these findings. It is important to note that
in the age group comparison, male and female athletes were
compared in a single analysis, and due to the fact that females
mature earlier than males, it is possible that if the groups had
been divided by age and sex, we might have found different
results.

Finally, the results regarding playing position are consistent
with previous research (Dacres-Manning, 1998; Delahunt et
al., 2013; Sedeaud et al., 2012), which shows that front row
forward players are taller than back row forward players and
back players, although the latter are overall faster and more agile
than the former. An unexpected finding is that front row players
performed the worst in the push-up tests compared to the back
row and back players. Front row players are expected to be
stronger than players in other positions groups, but it is important
to note that because this particular test uses body weight, we can
interpret that the measurement obtained is better for measuring
absolute strength rather than relative strength.

These findings suggest a process of positional specialization
among young players, based on their physical and anthropometric
characteristics, to adapt them to the specific demands of
each position. However, it is important to remember that the
maturation status of the players can influence many variables,
such as strength, speed, and body size. Therefore, coaches must
be aware of the importance of having the athlete continue to
explore different playing positions in the game to ensure the full
development of the youngsters.

Despite the results follow an expected trend, it is important
to compare our findings with other studies to understand how the
Brazilian population of young players are placed in comparison
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with players of other countries, although it is difficult to compare
some of the results obtained in the present study with results
from other studies for the difference in protocols or differences
on the population.

When comparing the mean 20m linear speed performance
for males (3.95 + 0.33) in the present study with the results of a
systematic review by Owen et al. (2020), which shows that the
slowest time was observed in U16 school players (3.55 + 0.22
s), U15 club level players (3.39 + 0.10 s), and U17 players (3.02
+ 0.10 s) in the same test, we can conclude that the linear sprint
performance of the young Brazilian players requires attention
from coaches who need to prepare players for the high physi-
cal demands of the competition. The same happened when we
compared the results of the 5-10-5 agility test, where the young
men also had the worst performance (6.06 + 0.43 s) compared
to the U15 (5.34 £ 0.20 s), U17 (5.08 + 0.18 s) and U19 (5.02 +
0.35 s) players of a study by Kobal et al. (2016).

It is interesting to compare our data with the results of Ko-
bal et al. (2016), as their study was also conducted with young
Brazilian players of different categories, and it seems that players
performed better in agility tests 8 years ago than today, which is
worrying from a developmental point of view. It would be inter-
esting to understand the reasons for this decline in performance
over the years, with the aim of developing solutions to increase
participation and performance in young rugby players.

This study has some limitations: a) anthropometric charac-
teristics and physical fitness may not fully reflect the total de-
mands of rugby matches; b) specific performance analysis for
each playing position during competition could provide additio-
nal information on the role of anthropometric characteristics and
physical fitness on athletic performance in youth and child rugby
players; and c) research on anthropometric characteristics and
physical fitness in rugby is still scarce, and there are still gaps in
the literature, particularly in youth and child players.
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In terms of the practical applicability of this study, it is a
fact that rugby players must have well-developed physical and
anthropometric qualities, due to the demanding nature of rugby
(Emmonds et al., 2020). This highlights the relevance of this stu-
dy as it provides some quantification of the anthropometric and
physical characteristics of youth and child players, allowing for
generalizable position-specific comparisons. Professionals in the
field can use these values to analyze the strengths and weak-
nesses of their players, and the importance of anthropometric
characteristics and physical fitness could be relevant in adapting
and designing training programs to better match their abilities,
improve performance and ultimately reduce the risk of injury.

CONCLUSIONS

This study analyzed the physical fitness and anthropometric
characteristics of young Brazilian rugby players, taking into
account sex, age group, and playing position. Overall, the results
indicated that male players were taller, had higher body mass, and
achieved better performance scores than female players. Older
players also tended to be taller, heavier, stronger, more agile, and
faster than younger players. In addition, front row players had
higher body mass than back row and back players, who in turn
had better physical scores in the agility, speed, and upper limb
strength tests. Future research is warranted to examine physical
fitness and anthropometric characteristics across multiple age
groups (U13, U15, U17, and U19) to verify how these variables
differ across the development of young rugby players.
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