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Abstract

Introduction: Rugby union (RU) is characterized by being a decision-making-based, open-skilled, chaotic and
unpredictable sport. The RU has an average game length of 80 minutes, with two halves of 40 minutes and a 15-
minute half-time break. Objective: This study aimed to compare the mechanical and locomotive demands of
specific playing positions and for the two halves of the game of Argentine male amateur rugby senior players.
Methods: Thirty-two rugby players (n = 32) participated in this study. Wearable devices with embedded
microtechnology (Catapult Sports, OptimEye S5) were used to examine movement patterns during eighteen
(n=18) games. Players were divided into specific playing groups Forwards (Hooker, Prop, Lock and Back Row)
vs Backs (Scrum Half, Fly Half, Centre, Wing and Fullback). The locomotive parameters analyzed were total
distance (TD), relative total distance (TDr) (m/min), high-speed running >18km/h (HSR), relative high-speed
running >18km/h (HSRr). Game-specific and mechanical parameters were the number of contacts, number of
RHIE bouts, number of average efforts per RHIE bout (AVG Eff RHIE ) and maximum number of efforts per
RHIE bout (MAX Eff RHIE). Results: The backs made a significantly higher locomotive effort (p < 0.001) and
RHIE (p < 0.001) than the forwards. Reductions in each of the parameters measured were observed from the first
to the second half for each and every of the positional groups. Conclusions: Significant differences were found
between positional groups when compared with locomotive, mechanical, and game-specific parameters.
Likewise, a deterioration was found in the parameters studied between the halves of the game for all the
positional groups.

Keywords: Rugby Union — Wearable technology - Game demands — Positional demands — RHIE — Training.

Introduction

Rugby union (RU) is characterized by being a decision-making-based, open-skilled, chaotic and
unpredictable sport (Donkin et al., 2020; Dubois et al., 2017; Lindsay et al., 2015a; Pollard et al., 2018; Read et
al., 2017; Reardon et al., 2015; Yamamoto et al., 2020a). The RU became a professional sport in 1995 (Cahill et
al, 2013) allowing researchers to invest time and resources into the study of the game demands (Austin et al.,
2011b; Donkin et al., 2020; Hogarth et al., 2016; Reardon et al., 2017). The RU has an average game length of
80 minutes, with two halves of 40 minutes and a 15-minute half-time break (Sheehan et al., 2022). During the
games, the players repeat multidirectional actions (accelerations, decelerations, reactive agility, and evasion
maneuvers), high-speed running efforts, tackles and collisions in a random environment played on a grass,
hybrid, or synthetic field of 100 meters in length and 70 meters in width (Cabhill et al., 2013a; Cunningham et al.,
2018a; Pollard et al., 2018; Quarrie et al., 2017). A RU team is 15 players a side, divided into two groups: 1)
Forwards (8 players) and 2) Backs (7 players) (Deutsch et al., 2007a; Fornasier-Santos et al., 2021; Owen et al.,
2015; Yamamoto et al., 2020b). The Forwards (Fwds) participate in numerous collisions with opposition and
acceleration-based movements, such as line-out, scrummaging, rucking, pushing, pulling, tackling, mauling and
ball carrying (Cabhill et al., 2013a; Rampinini et al., 2022; Sheehan, Malone, Walters, et al., 2022a). Meanwhile,
the Backs (Bks) are engaged in running-based actions, involving a higher number of high-speed running (HSR),
maximal velocity and reactive agility efforts (Cahill et al., 2013b; Cunningham et al., 2018b; Deutsch et al.,
2007b, 2007¢; Lindsay et al., 2015b; Yamamoto et al., 2020c).

Wearable technology of Global Positioning System (GPS) is the most used equipment to detect and
analyze performance in RU (Sheehan et al., 2022; Villaseca-Vicuila et al., 2021). Wearable devices provide
accurate information about the effort characteristics from the three principal areas: Locomotive, Mechanical and
Game Specific. (Austin et al., 2011a; Sheehan, Malone, Walters, et al., 2022a). The total distance covered during
RU games is ~ 5500 m and ~ 7000 m for Fwds and Bks, respectively (Bridgeman & Gill, 2021; Posthumus et al.,
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2020; Sheehan, Malone, Walters, et al., 2022a). The HSR distance (> 18 km/h™'; > 5 m/sec™) is higher for Bks (~
715 mts) compared to Fwds (~ 320 m) (Sheehan, Malone, Walters, et al., 2022; Yamamoto et al., 2020a). The
Bks performed higher speed efforts and reached the best scores on this parameter (Cahill et al., 2013; Yamamoto
et al., 2020). Bouts of successive linear locomotive high-intensity actions with short rest between them have
been identified during games and researchers named this ability the Repeated Sprint Ability (RSA) (Edg et al.,
2005; Spencer et al., 2004c, 2004a).

Those players with a better ability to perform Repeated Sprints are going to have positive results (e.g.,
breaking the opposition’s defensive line, accurate tackle actions, scoring attempts, etc.) during the games and
succeed over those with less capacity (Bishop et al., 2011; Spencer et al., 2004b). This concept has been
reviewed and evolved into a locomotive, mechanical and multidirectional concept, adding impacts, tackles,
accelerations, decelerations, jumps, and change-of-direction, renamed to Repeated-High Intensity Efforts (RHIE)
(Gabbett, 2015, 2015; Gabbett and Gahan, 2016; Vachon et al., 2021; Rampinini et al., 2022; Sheehan et al.,
2022). The research of Austin et al. (2011), found an average of 11-16 RHIE per match (1 RHIE every 6
minutes). The RHIE was position-dependent and ranged from two (Props) to 21 (Back three = Wing and
Fullback) (lasting 28 to 52sec) (Sheehan et al., 2022; Vachon et al., 2020, 2021a).

It was mentioned that the structure of the RHIE is linked with the player’s positional group, with the
backs completing more locomotive and mechanical efforts compared to the forwards (Sheehan et al., 2022). In
contrast, the forwards have a higher number of RHIE constituted by mechanical and sports-specific efforts
(Gabbett & Wheeler, 2015; Vachon et al., 2020, 2021a). A decrease in RHIE bouts was also highlighted between
the first and the second half (Gabbett & Gahan, 2016a; Sheehan et al., 2022).

Finally, the possibility of obtaining successful results in RU is associated with the ability to execute
repeated-all-out-efforts, this factor is widely accepted as a key performance indicator in team sports, especially
in RU (Gabbett & Gahan, 2016b; Gabbett & Wheeler, 2015; Sheehan et al., 2022; Vachon et al., 2020, 2021b,
2022). However, no comparisons have currently been made between specific positions and playing times for
Rugby Union Latin American athletes. It is for this reason that this study aimed to compare the mechanical and
locomotive demands of specific game positions over the two halves of the game of Argentine male amateur
rugby senior players.

Materials and Methods
Design

This longitudinal, observational, intragroup-intergroup, descriptive and comparative study was based on
a quantitative approach.

Participants

Thirty-two rugby players [(mean £ SD) 24.6 + 4.7 years; height 1.81 + 0.07 m; body mass 94.1 + 14.7
kg] participated in the study. In addition, for the comparative analysis by positions, they were divided according
to the functions within the game (Figure 1).

There were 18 games in the official League "A" Union Buenos Aires during the 2022 season (March to
September). All games were held on Saturdays between 2:00 p.m. and 5:00 p.m. and they were played on 12
different homologated grass rugby fields (Home and Away facilities). Before the matches, the players were
advised to continue with their usual diet and habits, with special emphasis on carbohydrate intake, hydration and
sleep quality.

The inclusion criteria included: 1) not presenting any musculoskeletal injury during the study period
and 2) completing the full time of each half of the game. The participants had at least three years of participation
in provincial competitions. Before giving informed consent, all participants and club board members received
information describing the rationale, potential applications, and procedures associated with the research. The
study was carried out following the guidelines of the Declaration of Helsinki (WMA, 2013).
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Figure 1. Playing positions in rugby union.
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Procedures and variables

During matches, each athlete wore a trunk-mounted (strapped to the chest) custom microsensor device.
Global Positioning Devices (GPS) (10 Hz) Optimeye S5, Catapult Innovations, (Melbourne, Australia, firmware
version 7.42) were used to examine movement patterns in official matches. To minimize between-unit error,
each athlete used the same device at project completion (Varley et al., 2012; Crang et al., 2021). The horizontal
dilution of precision (HDOP) was 0.8 + 0.1 and the average satellite count was 14 + 1.2, throughout the data
collection process. The portable devices were turned on thirty minutes before the start time, following the
manufacturer's recommendations. In addition, before each match, the players underwent a standardized warm-up
directed by the club's physical trainer (15-20 minutes).

The GPS signal provides information on velocity, distance, position and acceleration, and the built-in
100Hz triaxial accelerometer, magnetometer and gyroscope enabled player load, contact engagements and
explosive efforts to be quantified. Specific metrics included total distance (TD), relative total distance (TDr)
(m/min), high-speed running >18km/h(HSR), relative high-speed running >18km/h (HSRr), number of contacts,
number of RHIE bouts, number of average efforts per RHIE bouts (AVG Eff RHIE ) and maximum number of
efforts per RHIE bout (MAX Eff RHIE). RHIE ability, in the context of rugby union, was analyzed in line with
previous research RHIE combat includes multiple movement patterns that are more contextualized to RU game
scenarios. RHIE is defined as three or more efforts with less than 21 seconds of rest between them and
incorporates the three main areas of physical performance in competition a) Locomotive, b) Mechanical and c)
Game Specific (Figure 2) (Gabbett & Wheeler, 2015; Sheehan et al., 2022). The players who completed the total
time of the game (80 minutes) were considered in the study. Data was extracted and partitioned into the relative
periods from the devices, using the Catapult OpenField software (version 3.7.3) (Catapult; Melbourne,
Australia). The information was then extracted as a CSV file for further cleaning in Microsoft Excel before being
analysed.
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Figure 2. RHIE Mechanical model and its components

Statistical analysis

To perform the descriptive analysis, the mean and standard deviation were calculated. The Shapiro-
Wilk test was used to analyze whether the variables follow a normal distribution. Furthermore, the homogeneity
of the variances was verified through the Levene test. To analyze the differences by playing position, a one-way
ANOVA was applied. For the post hoc analyses between playing positions, the Tukey or Games—Howell test
was used, depending on the homogeneity of the variances.

The effect size (ES) was calculated using partial eta2 and the following threshold values were used:
small (0.01 — 0.05), medium (0.06 — 0.13) and large (> 0.14). For the comparison between game halves (First vs
Second Half) a T of related samples was used and in the case of non-normality the Wilcoxon test was used. The
Effect Size (ES) was calculated using the following Cohen threshold values: trivial (< 0.2), small (0.2 — 0.6),
moderate (0.6 — 1.2), large (1.2 — 2 ), very large (2 — 4) and extremely large (> 4) (Hopkins et al., 2009). The
significance level was established for a p-value < 0.05, and the 95% confidence interval (CI) was calculated for
all measurements. The statistical analysis was carried out using the SPSS IBM® software (Version 22, New
York, USA).
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Table 1. Comparison of variables obtained with GPS in relation to the playing position

Variable Forwards (n = 14) Backs (n=18) Comparison
between
positions

Hooker Prop Lock Back Row Scrum Fly Half Centre Wing Fullback 4 eta’
(n=3) (n=3) (n=3) (n=5) Half (n=3) (n=5) (n=5) (n=2)
(n=3)

TD (m) 463917+ 463503+  543854=  5085.09+ 558205  5604.07+ 5659.02+ 548927+  5872.88 < 0212
. 64784 454 36% 714220 538.148 + 500.84" 50727 1314.76® + 0.001
g 842.69™ 532.48%®
Q
£ TDr 5228+ 54.48 + 6252+ 57.88 + 64.84 + 64.24 64.50 + 62.74 + 66.06 + < 0217
g (m/min)  5.20%" 5.26%feht 8.16™ 5.76¢ 9.44%® 5.64% 5.47% 14.42% 408" 0.001
o
Z
3 HSR 7757+ 63.16 + 25024 + 21348+ 41248+ 46723+ 46480+ 52638+ 25528+ < 0.620
£ (m) 36.55°0f M 9] g8edelthi 106,23 00N 104,88 141,690 154,38 121.28%4 199,144 97,01®E 0,001
Q
i=}
-

HSRr 0.88 + 0.75 + 2.89+ 243+ 479+ 537+ 530+ 6.05 + 2.86 + < 0.606

(m/min) 0A43cdefghi 1A10cdefglu Lzsabfgﬁ Llsabfglu 1(73abcd 1A96“b°de ]A363b0de 2A34abcde ]AOSath 0.001

Contacts ~ 23.46 % 1973 2733+ 28.00 + 1428 + 958 + 16.87 = 10.87 12.50 = < 0.289
e #) 13.46 11.30™ 13.71¢M 14.08°fehi 7.89% 6.38%4 9.73¢ 6.62%4 10214 0.001
o
g RHIE 3.07+ 1.86 + 9.66+ 8.11+ 14.07 £ 15.17 16.09 £ 17.93 10.40 = < 0.614
E 1'84cdefgm 3‘33cdetglu 3'45ab@u 3'54abtglu 2‘49abcd 4'40abcd 5.1 labcde 6'47abcde 4.1 labfg 0.001
[="
8 AVG 3.02 211+ 4.40 £ 397+ 476 511+ 5.03 + 494+ 470 £ < 0.469
§  Efforts 141" 1.80cdeteni 0.72%" 0.85"t" 0.82% 0.56"4 0.66"¢ 1.06" 0.71% 0.001
i3
]
= MAX 376+ 2.56+ 745+ 6.15+ 9.57+ 9.82+ 9.58 + 9.90 + 7.90 + < 0.494

Efforts ~ 2.00%Eh 2 7gedeiehi 22800 2.4 3.22% 2,034 2.508cd 2,954 2.72% 0.001

Data reported as mean + standard deviation, Eta’: Effect size, Different of; “Hooker, bProp, °Back Row, “Lock, “Fullback,
Wing, £Centre, "Fly Half, 'Scrum Half.

Table 2 shows the comparison of the mechanical and locomotive demands for the two halves of the game.

Table 2. The positional demands of rugby union concerning subgroups across the game

Backs Forward
Variable First Half Second Half Comparison between half  First Half Second Half ~Comparison between half
M=SD M=SD ES; 90% CI; Inference M=SD M=SD ES; 90% CI; Inference
. T]ZT) ém) 22‘?;‘%* 2%%%:* 0.05; -0.13-0.23; Trivial 22?1’55 23‘61‘22435 0.19; 0.03-0.41; Trivial
'«é é (Hgfsnlzn) }1082% gggz 0.08; - 0.09-0.26; Trivial 1687:06%& 88238%1 0.33; 0.12-0.53; Small
E ‘g (m) 2'.05 2:55* 0.47:0.27-0.68; Small 107'.13 70:95* 0.84; 0.60-1.09; Moderate
( rﬁﬁ; ) 2;232* ﬂg:gﬁ 0.47; 0.27-0.68; Small 32'.732; }gﬁ 0.67; 0.44-0.90; Moderate
. CO?;;‘“S 433715* 33'?61; 0.14; 0.05-0.33; Trivial 22.225 22'%186* 0.05; -0.21-0.30; Trivial
%f RHIE 8;28; ;:32? 0.31;0.11-0.52; Small 3;25 32'_261; 0.23; 0.03-0.48; Small
5
é: E‘?X)SS 51'900; Si?(?si 0.08; -0.18-0.33; Trivial 31'%700* 3{‘;’: 0.07; -0.20-0.35; Trivial
=
g é\gtfzifs 823677i 82'_356; 0.06; -0.15-0.27; Trivial 4;‘64; 43'_516; 0.05; -0.22-0.33; Trivial

Data reported as mean + standard deviation; TD: Total distance; HSR: High-speed running; r: relative per minute; ES: Effect
size. *Significant difference (p < 0.05) between halves of play

Discussion

This study aimed to compare the mechanical and locomotive demands of specific game positions for the
two halves of Argentine male amateur rugby senior players during championship games.
The main findings of this study in the locomotive variables (Table 1) indicate a significant difference
between players' positions in distances covered, efforts in HSR and RHIE bouts variables evaluated in this study.
These results are of great value to assess the game demands for positional groups, thus being able to design
specific training strategies adjusted to the positional needs and game demands. The data shows that the forward's
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distance covered between 4639.17 + 647.84 and 5438.09 + 714.22 m with a relative rate of work between 52.28
+ 5.20 and 62.52 + 8.16 m/min. The groups of hookers and props obtained the main differences (p < 0.001)
concerning the other players. The back groups showed a mean distance between 5489.27 + 1314.76 and 5872.88
+ 532.48 m with a relative rate of work between 62.74 £ 14.42 and 66.06 £+ 4.08 m/min. In this group of players,
the main differences were obtained by the centres. These results are similar to what was published by Sheehan et
al. (2022), They found a similar difference for the forwards in TD 4613 + 1249 and 6319 + 1134 and for backs
with a distance covered between 6319 + 1134 and 6631 £ 881 m. The differences between the reported values
could be related to the level of professionalism of the players evaluated.

For the HSR, the forwards completed between 63.16 £ 91.68 (Props) and 250.24 + 106.23 m (Back
Row) and the backs 255.28 £ 97.01 (Fullback) and 526.38 + 199.14 m (Wing). Similar differences were found
for Sheehan et al. (2022), (p < 0.05) with European professional rugby players, they reported the forwards'
values of HSR between 42 + 30 and 168 + 82 and backs 256 + 108 and 511 + 158m. These differences between
the game positions players are favorably established in the scientific literature (Smart et al., 2014; Swaby et al.,
2016; Ztniga-Vergara et al., 2022). The main reason to justify these findings could be that the backs are
involved in a higher number of open-field plays, requiring a greater amount of running and multidirectional
speed actions compared to the forwards. However, the forwards participate in static exertion actions, adding
extra load to their game demands. From a practical perspective, the coaches could analyze and use this data to
recognize the key performance indicators of locomotive variables to plan and periodize the training process.
Developing game scenarios during training sessions that simulate these game demands could be implemented by
the coaches to produce positive outcomes.

Regarding RHIE bouts, our data show that positional differences in the number of total RHIE bouts and
the number of efforts per RHIE were found after the analysis of 18 matches. Currently, there has been a change
in the analysis of the physical demands of the match, because rugby involves high-intensity running, jumping,
accelerations and collisions (Austin et al., 2011c). For the groups of forwards, the total number of RHIE bouts
values is observed between 1.86 + 3.33 (Prop) and 9.66 + 3.45 (Lock). Where the lock and back row players
obtained the main differences with all groups of players. The back results show total numbers of RHIE bouts
between 10.40 + 4.11 (Fullback) and 17.93 + 6.47 (Wing). The number of contacts was between 19.73 £ 11.30
(Prop) and 28.00 £+ 14.08 (Back Row) within the forwards group and .9.58 + 6.38 (Fly Half) and 16.87 + 9.73
(Center) for the backs during the study. The wing group obtained the main differences from the rest of the backs
group. These findings are similar to the report of Sheehan et al. (2022c) who evaluated elite rugby union players,
finding positional differences for the numbers of RHIE bouts in the forwards between 2 + 2 and 9 + 5 RHIE
bouts and for the backs values between 12 £ 4 and 18 + 6. These findings are similar to those found in
professional European players, where values for the numbers of RHIE bouts for forwards are between 2.3 + 1.7
and 8.6 £ 4.4 and backs data of 14.3 + 4.2 and 17.8 + 6.1. The data of the forwards show values between 2.56 +
2.79 and 7.45 £ 2.28 and for the Backs values between 7.90 + 2.72 and 9.90 = 2.95 for MAX effort RHIE. These
numbers are similar to those reported by professional European rugby union players (Austin et al., 2011c;
Sheehan et al., 2022). These results show that both forwards positions and both positions for backs complete
more RHIE bouts, contacts and MAX effort RHIE compared to all players.

This analysis illustrates the positional difference of RHIE during games and could assist the coaching
staff in the design of training drills and activities to pursue locomotive, mechanical and game-specific aims
during the practices. These results showed that the backs participated in a higher number of RHIE bouts and a
rugby-back-specific drill must be implemented by the coaching staff. It is important to find the architecture of
the RHIE bouts about the locomotive and mechanical nature for the optimal development of positional-specific
drills. The proximity of the opposition, the context of the games, the 'game plan' executed by the team and the
importance of ball possession during the matches could be the reasons to explain these results. Furthermore, for
the development of progressive complexity in drills and architecture, it is suggested that the coaches design
training sessions from low-contact exercises (close decision-making, non-fatiguing, small-sided games and
reducing the number of players) to full-contact activities (open decision-making, complete pitch and high-
intensity conditioning games). Using a variety of small-sided games to full-pitch conditioning games can be
implemented during the training sessions. Understanding the sport from a holistic point of view is crucial in
coaching. During the last decade, many authors collaborated in the evolution of this philosophy (Roberts et al.,
2008; Pollard et al., 2018; Lokteff et al., 2020; Rampinini et al., 2022; Sheehan et al., 2022).

Between halves

This investigation showed a significant decrease (p < 0.05) in both positions of players in the physical
capacities of locomotion of rugby players across two halves of play. The results of the total distance rate were as
follows: for backs (ES = 0.08) and forwards (ES = 0.33), HSR for backs (ES = 0.47) and forwards (ES = 0.84),
HSRr for backs (ES = 0.47) and forwards (ES = 0.67). This means that during the second half, there was a
decrease in the physical and locomotor performance of all positions of the player. These results are in line with
those published by Sheehan et al. (2022c¢).
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For the RHIE bouts, the data shows a significant decrease for the backs (ES = 0.31). The forwards
showed a small decrease during the second half of the game. Both positional groups had reductions in Contacts,
AVG Eff RHIE and MAX Eff RHIEand observed a decrease in locomotive variables during the second half. In
line with the other authors, the RHIE bouts performance showed a reduction in performance between both halves
(Black & Gabbett, 2014; Johnston et al., 2016; Sheehan, Malone, Weldon, et al., 2022). These findings may be
related to the nature of the attacking and defensive phases of the game and the intensity of the match. On the
other hand, previous studies have reported an increase in total distance and HSR performance during the second
half of play (Sheehan et al., 2022). These contradictory features may be subject to the level of competence and
championship position. According to recent investigations, it was suggested that the Top 4 teams in the ranking
performed a significant part of very short rest (< 10 sec) compared to the Bottom 4 teams (Black & Gabbett,
2014; Gabbett, 2014).

Understanding and finding which positional groups and specific players are more affected by fatigue are
important for planning the training process. Considering that RHIE bouts is one of the key performance
indicators in RU, it is decisive for coaches to plan these kinds of efforts. Planning actions that mitigate these
effects on players can be a useful tool to improve game performance. Additionally, identifying the player who
presents great decreases can be a useful tactical strategy for coaches to make substitutions. The coaching staff
may consider connecting RHIE bouts with offensive and/or defensive situations for training periodization and
planning. Small-sided games and open-field situations with different numbers of players per group and duration
may be included during practices. However, a progression in the structure of the RHIE bouts is suggested.
Position-specific drills and extra fitness training ("On-feet" or "Off-Feet") are recommended to guarantee
positive adaptations with those players showing an augmented decay in performance during the game and/or
between halves. The design of drills including accelerations, contacts, combat situations, set-pieces, change-of-
direction and high-speed running must be seriously considered during the development of the exercises.

Conclusion

This research aims to assess the game profile of amateur male rugby union players through Repeated
High-Intensity Efforts and create a descriptive analysis of this variable between positional groups during games.
During the research, significant differences were found when the groups and positional groups were locomotive,
mechanical and game-specific parameters were compared. Also, it found a deterioration in the studied
parameters between the halves of the game for all groups and positional groups.

In conclusion, a positional-specific architecture considering the number of locomotives, mechanical and
rugby-specific movements about RHIE bouts may be recommended for the development of positional-specific
drills and fitness games. These activities must pursue holistic adaptations to increase the athletes performance,
avoiding a decay of the physical and rugby capacities during the second halves of the games.

Limitations

Considerable limitations of the study results should be discussed. First, the research was completed
using only one amateur male rugby union team in a local Buenos Aires Rugby Union competition. This sample
cannot represent the reality of the global Rugby Union male environment. Secondly, the selection of absolute
speed bands, acceleration and contact thresholds could be limited as everyone has an individual physical profile.
Third, all the matches’ game plans are outside of external control, which could affect the player’s performance
and outcomes. However, the data was collected over 26 games. Therefore, these results provide an acceptable
analysis of the competitive game demands at the senior amateur team level.
Practical Application

Knowledge and understanding of the playing demands of rugby players could help coaches, sports
scientists and strength and conditioning coaches to develop precise programs to improve performance, reduce
injury risk, assist in the return process to the game and develop a long-term player development strategy. The
present results increase the understanding of movement demands during amateur rugby competitions.
Conflicts of interest

The author(s) declared no have conflict of interest concerning this work, authorship, and/or
publicationsof this paper.

References

Austin, D., Gabbett, T., & Jenkins, D. (2011a). Repeated high-intensity exercise in professional rugby union.
Journal of Sports Sciences, 29(10), 1105—1112. https://doi.org/10.1080/02640414.2011.582508

Austin, D., Gabbett, T., & Jenkins, D. (2011b). The physical demands of Super 14 rugby union. Journal of
Science and Medicine in Sport, 14(3), 259-263. https://doi.org/10.1016/j.jsams.2011.01.003

Austin, D., Gabbett, T., & Jenkins, D. (2011c). The physical demands of Super 14 rugby union. Journal of
Science and Medicine in Sport, 14,259-263. https://doi.org/10.1016/j.jsams.2011.01.003

2056

JPES ®  www.efsupit.ro



ALEJANDRO PASTOR, RODRIGO VILLASECA-VICUNA, ALVARO SEGUEIDA-LORCA, PEDRO
ZUNIGA

Bishop, D., Girard, O., & Mendez-Villanueva, A. (2011). Repeated-sprint ability - part II: recommendations for
training. Sports Medicine, 41(9), 741-756. https://doi.org/10.2165/11590560-000000000-00000

Black, G. M., & Gabbett, T. J. (2014). Match intensity and pacing strategies in rugby league: an examination of
whole-game and interchanged players and winning and losing teams. Journal of Strength and
Conditioning Research, 28(6), 1507-1516. https://doi.org/10.1519/JSC.0BO13E3182A4A225

Bridgeman, L. A., & Gill, N. D. (2021). The Use of Global Positioning and Accelerometer Systems in Age-
Grade and Senior Rugby Union: A Systematic Review. Sports Medicine - Open, 7(1).
https://doi.org/10.1186/s40798-021-00305-x

Cahill, N., Lamb, K., Worsfold, P., Headey, R., & Murray, S. (2013a). The movement characteristics of English
Premiership  rugby union players. Journal of Sports  Sciences, 31(3), 229-237.
https://doi.org/10.1080/02640414.2012.727456

Cahill, N., Lamb, K., Worsfold, P., Headey, R., & Murray, S. (2013b). The movement characteristics of English
Premiership  rugby union players. Journal of Sports  Sciences, 31(3), 229-237.
https://doi.org/10.1080/02640414.2012.727456

Cunningham, D. J., Shearer, D. A., Drawer, S., Pollard, B., Cook, C. J., Bennett, M., Russell, M., & Kilduff, L.
P. (2018a). Relationships between physical qualities and key performance indicators during matchplay in
senior international rugby union players. PLoS ONE, 13(9), 1-15.
https://doi.org/10.1371/journal.pone.0202811

Cunningham, D. J., Shearer, D. A., Drawer, S., Pollard, B., Cook, C. J., Bennett, M., Russell, M., & Kilduff, L.
P. (2018b). Relationships between physical qualities and key performance indicators during matchplay in
senior international rugby union players. PLoS ONE, 13(9), 1-15.
https://doi.org/10.1371/journal.pone.0202811

Deutsch, M. U., Kearney, G. A., & Rehrer, N. J. (2007a). Time-motion analysis of professional rugby union
players during match-play. Journal of  Sports Sciences, 25(4), 461-472.
https://doi.org/10.1080/02640410600631298

Deutsch, M. U., Kearney, G. A., & Rehrer, N. J. (2007b). Time-motion analysis of professional rugby union
players during match-play. Journal of  Sports Sciences, 25(4), 461-472.
https://doi.org/10.1080/02640410600631298

Deutsch, M. U., Kearney, G. A., & Rehrer, N. J. (2007c). Time-motion analysis of professional rugby union
players during match-play. Journal of Sports Sciences, 25(4), 461-472.
https://doi.org/10.1080/02640410600631298

Donkin, C., Venter, R., Coetzee, D., & Kraak, W. (2020). Positional In-Match Running Demands of University
Rugby Players in South Africa. Frontiers in Psychology, 11(July), 1-8.
https://doi.org/10.3389/fpsyg.2020.01591

Dubois, R., Paillard, T., Lyons, M., McGrath, D., Maurelli, O., & Prioux, J. (2017). Running and metabolic
demands of elite rugby union assessed using traditional, metabolic power, and heart rate monitoring
methods. Journal of Sports Science and Medicine, 16(1), 84-92.
Edg, J., David, £., & Stephen, B. £. (2005). Comparison of muscle buffer capacity and repeated-sprint ability
of untrained , endurance-trained and team-sport athletes. https://doi.org/10.1007/s00421-005-0056-x
Fornasier-Santos, C., Millet, G. P., Stridgeon, P., Girard, O., Brocherie, F., & Nottin, S. (2021). High-intensity
Activity in European vs National Rugby Union Games in the best 2014-2015 Team. International Journal
of Sports Medicine, 42(6), 529-536. https://doi.org/10.1055/a-1144-3035

Gabbett, T. J. (2014). Effects of Physical, Technical, and Tactical Factors on Final Ladder Position in
Semiprofessional Rugby League. International Journal of Sports Physiology and Performance, 9(4), 680—
688. https://doi.org/10.1123/1JSPP.2013-0253

Gabbett, T. J., & Gahan, C. W. (2016a). Repeated High-Intensity-Effort Activity in Relation to Tries Scored and
Conceded During Rugby League Match Play. International Journal of Sports Physiology and
Performance, 11(4), 530-534. https://doi.org/10.1123/ijspp.2015-0266

Gabbett, T. J., & Gahan, C. W. (2016b). Repeated High-Intensity-Effort Activity in Relation to Tries Scored
and Conceded During Rugby League Match Play. International Journal of Sports Physiology and
Performance, 11(4), 530-534. https://doi.org/10.1123/ijspp.2015-0266

Gabbett, T. J., & Wheeler, A. J. (2015). Predictors of repeated high-intensity-effort ability in rugby league
players. International Journal of Sports Physiology and Performance, 10(6), 718-724.
https://doi.org/10.1123/ijspp.2014-0127

Hogarth, L. W., Burkett, B. J., & McKean, M. R. (2016). Match demands of professional rugby football codes:
A review from 2008 to 2015. International Journal of Sports Science and Coaching, 11(3), 451-463.
https://doi.org/10.1177/1747954116645209

Johnston, R. D., Gabbett, T. J., Jenkins, D. G., & Speranza, M. J. (2016). The Effect of Different Repeated-
High-Intensity-Effort Bouts on Subsequent Running, Skill Performance, and Neuromuscular Function.
International ~ Journal  of  Sports  Physiology  and  Performance,  11(3), 311-318.
https://doi.org/10.1123/IJSPP.2015-0243

2057

JPES ®  www.efsupit.ro



ALEJANDRO PASTOR, RODRIGO VILLASECA-VICUNA, ALVARO SEGUEIDA-LORCA, PEDRO
ZUNIGA

Lindsay, A., Draper, N., Lewis, J., Gieseg, S. P., & Gill, N. (2015a). Positional demands of professional rugby.
European Journal of Sport Science, 15(6), 480-487. https://doi.org/10.1080/17461391.2015.1025858
Lindsay, A., Draper, N., Lewis, J., Gieseg, S. P., & Gill, N. (2015b). Positional demands of professional rugby.
European Journal of Sport Science, 15(6), 480—487. https://doi.org/10.1080/17461391.2015.1025858
Lokteff, F., Canet, R., Drissi, S., & Moretto, P. (2020). Impacts characterisation in Rugby Union. Computer
Methods in Biomechanics and  Biomedical Engineering, 23(supl), S175-S177.
https://doi.org/10.1080/10255842.2020.1813425

Owen, S. M., Venter, R. E., Toit, S. Du, & Kraak, W. J. (2015). Acceleratory match-play demands of a super
rugby team over a competitive season. Journal of Sports Sciences, 33(19), 2061-20609.
https://doi.org/10.1080/02640414.2015.1028086

Pollard, B. T., Turner, A. N., Eager, R., Cunningham, D. J., Cook, C. J., Hogben, P., & Kilduff, L. P. (2018).
The ball in play demands of international rugby union. Journal of Science and Medicine in Sport, 21(10),
1090-1094. https://doi.org/10.1016/j.jsams.2018.02.015

Posthumus, L., Macgregor, C., Winwood, P., Darry, K., Driller, M., & Gill, N. (2020). Physical and fitness
characteristics of elite professional rugby union players. Sports, 8(6).
https://doi.org/10.3390/sports8060085

Quarrie, K. L., Raftery, M., Blackie, J., Cook, C. J., Fuller, C. W., Gabbett, T. J., Gray, A. J., Gill, N.,
Hennessy, L., Kemp, S., Lambert, M., Nichol, R., Mellalieu, S. D., Piscione, J., Stadelmann, J., & Tucker,
R. (2017). Managing player load in professional rugby union: A review of current knowledge and
practices. In British Journal of Sports Medicine (Vol. 51, Issue 5, pp. 421-427). BMJ Publishing Group.
https://doi.org/10.1136/bjsports-2016-096191

Rampinini, E., Alberti, G., Fiorenza, M., Riggio, M., Sassi, R., Borges, T. O., Coutts, A. J., Vachon, A.,
Berryman, N., Mujika, 1., Paquet, J. B., Bosquet, L., Shearer, D. A., Jones, R. M., Kilduff, L. P., Cook, C.
J., Gabbett, T. J., Jenkins, D. G., Abernethy, B., ... Ullah, S. (2022). An Analysis of Repeated High
Intensity Efforts (RHIE) across Different Competition Levels in Elite Rugby Union. Journal of Strength
and Conditioning Research, 10(4), 953-960. https://doi.org/10.1519/JSC.0b013e3182302023

Read, D., Weaving, D., Phibbs, P., Darrall-Jones, J., Roe, G., Weakley, J., Hendricks, S., Till, K., & Jones, B.
(2017). Movement and physical demands of school and university rugby union match-play in England.
BMJ Open Sport and Exercise Medicine, 2(1), 1-7. https://doi.org/10.1136/bmjsem-2016-000147

Reardon, C., Tobin, D. P., & Delahunt, E. (2015). Application of individualized speed thresholds to interpret
position specific running demands in elite professional rugby union: A GPS Study. PLoS ONE, 10(7).
https://doi.org/10.1371/journal.pone.0133410

Reardon, C., Tobin, D. P., Tierney, P., & Delahunt, E. (2017). The worst-case scenario: Locomotor and
collision demands of the longest periods of gameplay in professional rugby union. PLoS ONE, 12(5), 1-
11. https://doi.org/10.1371/journal.pone.0177072

Roberts, S. P., Trewartha, G., Higgitt, R. J., El-Abd, J., & Stokes, K. A. (2008). The physical demands of elite
English rugby union. Journal of Sports Sciences, 26(8), 825-833.
https://doi.org/10.1080/02640410801942122

Sheehan, A., Malone, S., Walters, A., Gabbett, T., & Collins, K. (2022a). Match-play profile of elite rugby
union, with special reference to repeated high-intensity effort activity (RHIE). Sport Sciences for Health,
18(3), 947-956. https://doi.org/10.1007/s11332-021-00879-9

Sheehan, A., Malone, S., Weldon, A., Waters, A., & Collins, K. (2022). An Analysis of Repeated High Intensity
Efforts (RHIE) across Different Competition Levels in Elite Rugby Union. Sports (Basel, Switzerland),
10(10). https://doi.org/10.3390/SPORTS10100151

Smart, D., Hopkins, W. G., Quarrie, K. L., & Gill, N. (2014). The relationship between physical fitness and
game behaviours in rugby union players. Furopean Journal of Sport Science, 14(SUPPL.1).
https://doi.org/10.1080/17461391.2011.635812

Spencer, M., Lawrence, S., Rechichi, C., Bishop, D., Dawson, B., & Goodman, C. (2004a). Time — motion
analysis of elite field hockey , with special reference to repeated-sprint activity. 843-850.
https://doi.org/10.1080/02640410410001716715

Spencer, M., Lawrence, S., Rechichi, C., Bishop, D., Dawson, B., & Goodman, C. (2004b). Time — motion
analysis of elite field hockey , with special reference to repeated-sprint activity. 843-850.
https://doi.org/10.1080/02640410410001716715

Spencer, M., Lawrence, S., Rechichi, C., Bishop, D., Dawson, B., & Goodman, C. (2004c). Time-motion
analysis of elite field hockey, with special reference to repeated-sprint activity. Journal of Sports
Sciences, 22(9), 843-850. https://doi.org/10.1080/02640410410001716715

Swaby, R., Jones, P. A., & Comfort, P. (2016). Relationship between maximum aerobic speed performance and
distance covered in rugby union games. Journal of Strength and Conditioning Research, 30(10), 2788—
2793. https://doi.org/10.1519/JSC.0000000000001375

2058

JPES ®  www.efsupit.ro



ALEJANDRO PASTOR, RODRIGO VILLASECA-VICUNA, ALVARO SEGUEIDA-LORCA, PEDRO
ZUNIGA

Vachon, A., Berryman, N., Mujika, 1., Paquet, J. B., & Bosquet, L. (2021a). Fitness determinants of repeated
high-intensity effort ability in elite rugby union players. International Journal of Sports Physiology and
Performance, 16(8), 1103—1110. https://doi.org/10.1123/IJSPP.2020-0525

Vachon, A., Berryman, N., Mujika, 1., Paquet, J. B., & Bosquet, L. (2021b). Fitness determinants of repeated
high-intensity effort ability in elite rugby union players. International Journal of Sports Physiology and
Performance, 16(8), 1103—1110. https://doi.org/10.1123/IJSPP.2020-0525

Vachon, A., Berryman, N., Mujika, 1., Paquet, J. B., Monnet, T., & Bosquet, L. (2020). Reliability of a repeated
high-intensity effort test for elite rugby union players. Sports, 8(5). https://doi.org/10.3390/sports8050072

Vachon, A., Berryman, N., Mujika, 1., Paquet, J.-B., & Bosquet, L. (2022). Preconditioning Activities to
Enhance Repeated High-Intensity Efforts in Elite Rugby Union Players. International Journal of Sports
Physiology and Performance, 17(6), 871-878. https://doi.org/10.1123/ijspp.2021-0270

Varley, A., Fairweather, 1., & Aughey, R. (2012). Validity and reliability of GPS for measuring instantaneous
velocity during acceleration, deceleration, and constant motion. Journal of Sports Sciences, 30(2), 121-
127. https://doi.org/10.1080/02640414.2011.627941

Villaseca-Vicuiia, R., Molina-Sotomayor, E., Zabaloy, S., & Gonzalez-Jurado, J. A. (2021). Anthropometric
profile and physical fitness performance comparison by game position in the Chile women’s senior
national football team. Applied Sciences (Switzerland), 11(5), 1-16. https://doi.org/10.3390/app 11052004

Yamamoto, H., Takemura, M., Iguchi, J., Tachibana, M., Tsujita, J., & Hojo, T. (2020a). In-match physical
demands on elite Japanese rugby union players using a global positioning system. BMJ Open Sport and
Exercise Medicine, 6(1), 1-10. https://doi.org/10.1136/bmjsem-2019-000659

Yamamoto, H., Takemura, M., Iguchi, J., Tachibana, M., Tsujita, J., & Hojo, T. (2020b). In-match physical
demands on elite Japanese rugby union players using a global positioning system. BMJ Open Sport and
Exercise Medicine, 6(1). https://doi.org/10.1136/bmjsem-2019-000659

Yamamoto, H., Takemura, M., Iguchi, J., Tachibana, M., Tsujita, J., & Hojo, T. (2020c). In-match physical
demands on elite Japanese rugby union players using a global positioning system. BMJ Open Sport and
Exercise Medicine, 6(1). https://doi.org/10.1136/bmjsem-2019-000659

Zuniga-Vergara, P., & Castro, M. (n.d.). Do Testosterone and Cortisol levels influence performance in rugby? A
look at rugby sevens. www.revistasochmedep.cl [in spanish]

Zuniga, P., Villaseca, R., & Bulboa, J. (2022). Anthropometric profile and physical fitness performance
comparison by game position and connections with performance parameters in official matches of Chilean
men rugby players. Journal of Physical Education and Sport ® (JPES), 22(10), 2454-2464.
https://doi.org/10.7752/jpes.2022.10313

2059

JPES ®  www.efsupit.ro



