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ABSTRACT

Rugby sevens is a rapidly growing sport. Match ysialis increasingly being used by sport
scientists and coaches to improve the understarafirtbe physical demands of this sport. This
study investigated the physical and physiologiehends of elite men’s rugby sevens, with special
reference to the temporal patterns of fatigue dunratch-play. Nine players, four backs and five
forwards (age 25.1+3.1 yrs) participated during tRoma 7’ international tournaments (2010 and
2011). All players were professional level in thghest Italian rugby union, and five of these
players also competed at the international levetingy the matches¢15) players were filmed in
order to assess game performance. Global posigosystem (GPS), heart rate (HR), and blood
lactate (BLa) concentration data were measuredaarallyzed. The mean total distance covered
throughout matches was 1221+118m (first half = 648% and second half = 578+77m; with a
decrease of 11.2%>0.05, Effect Size = 0.29). Players achieved 8823¥1and 87.7+3.4% of HR
max during the first and second half, respectivdlge BLa for the first and second half was
3.9+0.9 mmol-I! and 11.2+1.4 mmol-t, respectively. The decreases in performance oedurr
consistently in the final 3 minutes of the matcli&®.5% in distance covered per minute). The
difference found in relation to the playing positialthough not statistically significarp=0.11),
showed a large E$){=0.20); suggesting possible practical implicatioRsese results demonstrate
that rugby sevens is a demanding sport that platress on both the anaerobic glycolytic and
aerobic oxidative energy systems. Strength and itonohg programs designed to train these

energy pathways may prevent fatigue-induced redustin physical performance.

Key words: rugby sevens; time—motion analysis; match—playateis; team sports.
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INTRODUCTION

Rugby sevens is played by two teams of seven @apera regular rugby pitch. The game
is derived from the original game of rugby uniopplying essentially the same laws. The duration
of the match is fourteen minutes (two seven minhtdges) with a two minute half-time interval. In
recent years, a large number of time motion analyisee been conducted in soccer (3,8,24,26,33),
rugby union (7,9,10and rugby league (6,19). Few researchers have tigagsd the physical
demands and activity profiles of rugby sevens (2,20,27,32), with the majority of these studies
oriented to medical and traumatological aspecthefsport. Takahashi et al. (32)owed that the
cumulative effects of two rugby sevens matchesm day negatively affected the athlete’s immune
system. Moreover, Fuller et al. (1d¢monstrated that the risk and severity of injuiresugby
sevens was higher than that during internationglbywnion matches. Gabbett (12) also examined
the incidence of injury in rugby sevens and shotird injury rates were higher than conventional
rugby, with player fatigue contributing to injuries

Recently, some authors (29-31) have described higsigogical and kinematic aspects of
rugby sevens. Using global positioning system (GRfhnology, these studies (30-31) have
provided general indications on the physical angsyahogical demands of an entire rugby sevens
match (4,17). Higham et al. (16) studied the pHggical, anthropometric and performance
characteristics of rugby sevens players. In contmid5-a-side players, their results showed small
between-athlete variability in characteristics,highting the need for relatively uniform physical
and performance standards in rugby sevens plagéjs Knowledge of the activity profiles and
movement demands of rugby sevens allows sport tstier@nd strength and conditioning staff to
plan game-specific training sessions and programsrder to improve the physical condition of
players. This information may also be used to eataluthe physical performance of individual
players (1).

Researchers (18,25) have studied the temporalrpsittd physical match performance in

different team sports. Other studies have invest@ythe decline in physical performance from the
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first to the second half in order to gain insightbithe fatigue that may occur across the course of
match (26). Understanding how physiological anchiézal-tactical parameters change during a
match or in tournaments may provide important insigto causes of fatigue and how this fatigue
may affect the individual player. These patternsem consistent, can also be interpreted as useful
indicators of the trends of the variables undedtohr et al. (23) has described the fatigue that
may develop during soccer matches and has provj®ential physiological mechanisms
responsible for fatigue in soccer. The reduced mptrformance that occurs as a consequence of
fatigue seems to occur at three different stagisr ahort-term intense periods in both halves; in
the initial phase of the second half; and towahgsend of the game (23).

While the physical demands of soccer have beemsixgy investigated, no similar studies
have been performed in rugby sevens. To date, binjppam et al. (15) have quantified the
differences in movement patterns between domestdraernational rugby seven tournaments, the
effects of fatigue within and between matches dutournaments, and the movement patterns of
second half substitute players. The results of shely highlight some significant differences
between domestic and International Rugby seveméouents, with greater distance covered at high
speed and greater accelerations and deceleragofsped in international matches. A decrease in
speed and the number of changes in speed was fmineéen the first and second half. Moderate
reductions were also observed between the firstimgtlayed on day one) and the last match
(played on day two) of the tournament. Although #hedy by Higham et al. (15) improved our
understanding of rugby sevens, no information wasiged on the temporal patterns of fatigue. In
addition to fatigue-induced performance reductitmesn the first to second half, it is likely that
fatigue may also occur transiently throughout tharse of a matchlherefore, the purpose of the
present study was to address this gap in the tliberaby investigating the physical and
physiological demands of rugby sevens, with speétrence to temporal patterns of fatigue,

analyzed minute by minute during international rhattay. It was hypothesized that transient



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

fatigue, as evidenced by reductions in movememigities, would occur towards the end of each

half in rugby sevens.

METHODS
Experimental approach to the problem

In order to study the physical demands of rugbysswnatch-play, we performed kinematic
(GPS and Motion Analysis) and physiological (heeate and blood lactate concentration)
measurements during fifteen matches of the 201¥)(and 2011 ri(=8) International “Roma
Sevens” competition. Total distance covered, peaggn of time spent in two distinct (low and
high) speed zones, and heart rate (HR) were redadeh minute of match-play in order to gain an

understanding of the temporal patterns of fatigue.

Subjects

Nine rugby sevens players, 4 backs and 5 forwdedg 25.1+3.1 yrs; body mass 86.0+9.4
kg; height 180.5+3.5 cm; body mass index 27.7+2¢6nK; VOomax 52.1+3.4 ml-kgmin™)
participated in the study. All players competedoaifessional level in the highest Italian rugby
union (“Campionato Italiano di Eccellenza’), with five of these players also competing at
international level. Players had a minimum ruglayring experience of 5 years. The typical weekly
training volume was 14-16 hours, which includedrftive technical training sessions (10-12 hours)
and three sessions of physical preparation (4-8shokach player was informed about the study,
including the risks and benefits and provided wrntinformed consent, in conformity with the
Ethical Code of the World Medical Association (Daeltion of Helsinki). The Tournament
Directors also provided clearance for the use of GPmatches before the commencement of the

study. All experimental procedures were approvethbyinstitutional human ethics committee.

Experimental Procedures
The match activity and physiological data wereeaxittd over two competitive tournaments.

All matches were played on a dry, full-sized rugitch (100 x 70 m), covered by natural grass.
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Matches were played between 11.00 a.m. and 4.00@RS, heart rate, and motion analysis were
synchronized, set with the solar time, so as tonktiee range for the first half, rest time, and seto
half. The average temperature and relative humiditythe matches ranged from 24-26°C and 67-
72%, respectively. During the week before the taorants, each player underwent measurements
of standard anthropometry (body mass and heigltXfaa Yo-Yo Intermittent Recovery Test Level

2 was performed in order to measure the individnakimum heart rate (HRmax) (21). Heart rate
was recorded continuously throughout the Yo-Yo tesshg Polar Team System heart rate monitors

(Polar Electro OY, Kempele, Finland) sampling &00Hz.

GPS Data

A portable GPS device (SPI Elite, GPS Sports Systetah., Canberra, Australia), sampling
at 1 Hz, was used. Players were asked to weardividoal GPS unit (mass: 80 g; dimensions:
91x45x21 mm) encased within a protective harnessdan the player’'s shoulder blades in the
upper thoracic-spine region. Five minutes befoghaaatch the GPS device was fixed to the torso
of the athlete in accordance with the manufactumstructions. The device was activated and
satellite lock established for a minimum of 15 rbafore the commencement of each match. GPS
data were analyzed using Microsoft Excel and siedissoftware.

The GPS files were ‘cleaned’ with Spi Elite softeidifeam AMS; GPSports, V.1.2) so that
only time_spent on the field was included in thelgsis. Data were log-transformed prior to
analysis to reduce the non-uniformity of error &adk-transformed to obtain differences in means
and variation as percentages. In accordance wittwktpet al. (14), the data were divided into two
speed zones, corresponding to low (0.1<14.0 Knand high intensities (>14.1 knh The
chosen velocity zones represented the range ofrlotmr activity profiles typical of intermittent

team sport and are routinely (14) used during GBSitoring in rugby-specific match-play (13).

Heart Rate
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Players wore a heart rate belt (Polar Team SysRatar Electgro OY, Kempele, Finland)
recording the heart frequency (HR) during the 15chmes. Heart rate data was synchronized with
GPS data so to exclude rest periods. One minuteages were calculated for heart rate data.
Taking into consideration that rugby involves stgqmysical contacts among players during match-
play, the thorax belt was reinforced and fixed watlastic tape and other bandages around the
thorax and shoulders. The recorded data were dadabth and analyzed using Polar Precision
Performanc” v.4.03.043 software. Data involving game interimps, and time spent off the field
were excluded from subsequent analysis. The HRexpeessed as a percentage of the maximum

heart rate (HRmax) measured in the Yo-Yo IntermttiRecovery Test Level 2 (2).

Blood L actate Concentration

Capillary blood samples were drawn from the eaelobfour playersr(=4), using a sterile
lancet (Accu-Check Softclix, Roche - 5u) immediaigiter the warm up, at the end of the first half,
and at the end of the match. Blood samples wertysathfor blood lactate (BLa) concentration.
Three blood lactate analyzers (LactatéProArkray, Japan) were used for the analysis of the
samples. All blood analysis was made within two utés from the end of each considered period.

The validity of the utilized instrument (LactateoPxnalyser) has been verified previously (22).

Video recording

All the matches were filmed using a single cam&wanfy Handycam DCR-SX 30), placed
12 meters above the field and at the end of orgodal, in order to always have the view of the full
field. The exact video recorded times (start and eheach part of the game), playing position
(back or forward), and replacements; interruptiofisthe game were used in post-analysis of

kinematic GPS and physiological data (HR and BE&).(

Statistical Analysis
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Data are presented as melf) ¢ standard deviatiorSD) The assumption of normality was
assessed using the Shapiro-Wilk test. Parametric reimparametric statistics were used when
appropriate. To identify the differences in dismovered between first and second half, a paired
t-test was used. To identify differences in physaad physiological variables over time (first and
second half) between forwards and backs a two-waypgx time repeated measures ANOVA was
also performed. After performing the Mauclhy te$tsphericity, the Greenhouse-Geissewas
used when appropriate. Effect sizes (ES) in ANOVAravcomputed as partig, to assess
meaningfulness of practical differences, with<0.01, 0.01<n? <0.06, 0.06<n? <0.14 andh?® >
0.14 considered trivial, small, moderate, and largspectively.

In addition to the null hypothesis testing, effstzes (Cohen’sl) were reported for all
normally distributed data (5). Absolute effect sizef 0.20, 0.50, and 0.80 represented small,
moderate, and large differences, respectively.cbneesponding “P” values were provided for each
analysis. Statistical significance was accepte@<@X05. Statistical package for Social Sciences

(SPSS 15.0) for Windows was used to analyze antepsothe collected data.

RESULTS

The mean total distance covered throughout thereatand in the first and second halves
was 1221+118, 643+70 and 578+77 m, respectivelthchigh a reduction in total distance covered
between halves was found (-11.2%), it was notstedlly significant [paired-test: t= 1.823; df=7,;
p=0.111; ES as Cohat* 0.29]. A difference in positional play (backsnand forwards, n=5) was
observed between halves for total distance cov@fadtorial ANOVA,; p=0.03). In the first half,
the backs covered 677+60 m whereas the forwardsred\699+60 m. In the second half, the backs
covered 615+87 m whereas the forwards covered 546%5

Table 1 shows the proportion of distances covered time spent in the two different
intensity zones. There were no significant diffees between halves for the distances covered in

these two different speed zones. Small to modé&r&té0.41< Cohed< 0.56). were found for these
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differences. A meaningful reduction (ES as Cotleri.37) in distance covered per minute for each
half of the matches was observed (91.4+18.678.5+18.3 mmin™, Pairedt-test: t=1.438; df= 6;

p=0.200).

Total Distance Covered per Minute

The distance covered per minute of match-play thinout the match is provided in Figure
1. Repeated measure ANOVA showed statisticallyiagmt differences among each minute of the
game [repeated measure ANOVA with adjustment GreesdrGeissek, Fazos: 60.215 3.065;
p=0.016 ES agartialn’= 0.203; Power= 0.83%= 0.05] providing a standard profile of the game

(Figure 1).

Per centage of Time Spent in Each Speed Zone per Minute
No significant differences were found among eachuta of the game for the percentage of

time spent in each speed zone. The relevant stateste reported in Table 1.

Insert Table 1 About Here

Differencesin Positional Play

No statistically significant differences were foubdtween playing positions total distance
covered per minute: (Two-way group x time repeatedsures ANOVA: f12=2.97;p=0.11; ES
as partialn®=0.198; power 0.354 witlk=0.05). Nonetheless the large ES found suggests som
practical implications, worth consideration by tlkeaches and conditioning staff. Figure 2
highlights the different work rates of each positéibrole (back and forward) for each minute of the

game.

Insert Figure 1 About Here

Heart Rate
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The mean and the peak values of HR, expressedascantage of the estimated maximal
heart rate, recorded during the matches, are prdvid Table 2 and Figure 3. The players spent
approximately 86% of the total match time at onab®0% of their individual maximal HR (Figure

3).
Insert Figure 2, 3 and Table 2 About Here

Heart Rate During Each Minute of Match-Play

Repeated measures ANOVA confirmed statisticallynifigant differences for mean
(Faz,20457 2.057;p=0.023; partian?=0.205; power 0.924 with= 0.05) and peak (1177 4.024;
p<0.001; partiah220.309; power 0.999 with= 0.05) heart rates recorded during the matcheh, wi

particular reference to the very first minute of first and second half, respectively.

Blood L actate Concentration

Blood lactate concentration sampled at the endafmup, at the end of half time, and at
the end of the match were 3.9+0.9, 8.7+1.7 and #1142 mmolL™ respectively. A significant
difference p=0.017, Coheml= -1.5) was found between the values recorded agérlaeof the first
and second half, respectively. No significant défeces were found in post-match BLa (Mann-
Whitney U-Test; p=0.19, Cohend= 0.29) between backs (11.6x1.5 mrhd) and forwards

(10.4+0.8 mmoL ™).

DISCUSSION

To our knowledge, this is the first study to invgate the temporal patterns of physical
performance and physiological parameters measurgthgd international level rugby sevens
tournament match-play. Our data highlight the ptgisioads observed in rugby sevens, and
consider the contrasting movement demands of difteplaying positions (backs and forwards).
Significant fatigue, identified as the rate of deaaperformance, was observed during match-play.

A reduction of 11.2% between the first and secoalfl Wwas observed for total distance covered per
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minute. While not statistically significanp<0.16), the reduction in performance would ceriabvé
considered practically meaningful, with a largeeeffsize when considered as distance covered per
minute of match-play. The difference found in riglatto the playing position (Figure 2), although
not statistically significant p=0.11), showed a large effect size, indicating fmbsspractical
implications.

We also conducted a minute by minute analysis entdal distance covered by players
during the matches. In relation to this parameteshould be noted that the pace of the game has a
significantly different modulation when seen mindig minute, allowing us to identify some
"temporal patterns” on the second, seventh, andeeie minute of the match. Such typical
modulations of the matches were found to be siggifi and consistent in all of the investigated
games. These reductions in performance may sutigedsiugby sevens players experience transient
fatigue during match-play.

By reporting the percentages of time spent in esgged zone per minute (Table 1), we
found significant differences both in relation tatech time, and positional play, as an interaction
effect between the minute of play and the positipey. These findings provide evidence of both
fatigue occurring transiently throughout rugbyniatches, and the position-specific nature of this
fatigue. The observed differences in low and hipgbesl activity provide some interesting
observations about international rugby sevens. @mrate-by-minute basis, the two speed zones
fluctuated considerably (ES g8 >0.12 (Table 1, Figure 1). These findings may refleéfedences
in playing tactics or positional play. Alternatiyelit is possible that the fluctuations in low-sgee
activity represent a pacing strategy used on bedfghiayers to preserve high-speed activity. The
trend in mean (88.0+3.7% of HR) and peak (92.4+4.0% of HR) heart rate observed during all
the investigated matches demonstrates the vemgsatphysiological demands required to compete
in international level rugby sevens. It also shdhet the mean and peak HR values reached the
operating level (~90% of the HR) after the first two minutes of play, both in tfiest and in the

second half.
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Our blood lactate concentration data confirm thyegjlytic nature of rugby seven’s matches.
In particular, we emphasize that the blood lactatecentrations found in rugby seven’s matches
are greater than the average blood lactate comdiemtrfound during conventional rugby union
match-play for backs (5.1 mmbof) and forwards (6.6 mmal™), confirming that rugby sevens
presents different and greater physiological dermahdn those required in conventional rugby
union (9). However, it should be noted that if nmattvolvements increased towards the end of the
first and second half, then this could significgnithcrease blood lactate concentrations above

normal match values.

PRACTICAL APPLICATIONS

There are several practical applications from #higly that have relevance to the strength
and conditioning coach. Firstly, these findings destrate the highly intense, glycolytic nature of
international rugby sevens match-play. Mean hestg (88.0% HR.y) during and blood lactate
concentration (11.2 mmal*) following match-play demonstrate that strengthl aonditioning
coaches should emphasize the development of anaaglybolytic energy pathways and aerobic
capacities for this sport. Qur minute by minute lgsia also revealed significant reductions in
physical performance, indicative of fatigue, or §ibl/ pacing, throughout various stages of
matches. These findings could be used by bothegpibort scientists and rugby coaches to inform
strategic _interchanges  throughout match-play. Feanmle, with the introduction of ‘live
streaming’ of GPS data, movement patterns can Bereéd in real-time, and interchanges made
prior to the onset of fatigue, and reductions irfgrenance. Finally, our results show similarities i
the physical demands of rugby sevens backs andifdsvThese findings may be a reflection of the
greater space afforded to players in Sevens, aedctimsequent reduction in the number and
intensity of collisions compared to the conventiohd-a-side game. These findings suggest that
similar strength and conditioning programs can bedufor forwards and backs to prepare these

players for the physical demands of internationgby sevens match-play.
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Figure caption

Figure 1. Percentage of distance covered at each intermity ger minute of match-play during

international rugby sevens.

Figure 2. Total distances covered by backs and forwardsnieute during international rugby

sevens match-playN= 4 backs and 5 forwards.

Figure 3. Heart rate per minute of match-play during intéoral rugby sevens.



Table 1 Percentage (%) of time spent and distance coveredch intensity zone per half in international
rugby sevens match-play.
Variable  Speed zone fhalf (%) 2" half (%) (A%) Paired t-test Cohen’s D

0.1<14 km-H  92.85(1.69) 93.20(1.79)  0.13 t=-0.24; df=12p=0.81 ES=-0.08

>14.1km-H  7.13(1.68)  6.82(2.48) -1.76 t=0.12;df=12p=0.91 ES=0.04

0.1<14 km-H  75.63(5.62) 78.29(5.63) 3.4 t=-1.36; df=12p=0.19 ES=0.56

>14.1km-H  24.42(5.65) 21.71(5.55) -12.49 t= 1.49; df=12p=0.16 ES=0.41

Times (%) Distance (%)

Speed zone Repeated measure ANOVA

MF: F* 478 57.307 1.70;p=0.15; partiah?=0.12; power 0.814 withx = 0.05

0.1<14.0 km-fi |: F* 478, 57307 0.88;p=0.49; partiah®=0.07; power 0.294 wittu=0.05

MF: F*s.10, 66.407 1.88; p=0.11; partiaj’=0.13; power 0.611 witln=0.05

> . . . 9
14.1 km-H I: F*5.10, 66207 0.95; p=0.46; part|a12:0.07; power - 0.564 witln=0.05

Two-way group X time repeated measures ANOVA

All value are presented as mean and standard devid@Distances covered and time spent). Speed zone
represents the velocity (0.1<14. >14 km-H) expressed as a percentage (%) during thantl 2° half of
match-play, the difference between thieahd 2¢ half as a ratioA%), and effect size (Cohen’s D). The time
spent in each speed zones (class of velocity 041k Km-h') in percentage (%). *Main Factor (MF): minute
of the match; Interaction (I): minute x role.



Table 2. Mean and peak percentage HRduring international rugby sevens match-play.

First Half Second Half Whole match
Mean % HRmax 88.3+4.2% 87.7+£3.4% 88.0+3.7%
Peak % HRmax 92.3+5.5% 92.4+2.9% 92.4+4.0%

All value are presented as mean and SD, data aae are peak values recorded per half.
Mean %HR,ax First Halfvs. Second Half: pairetitest (t=0.658; df=6p=0.535).
Mean %HR,ax First Halfvs. Second Half: pairetitest (t= -0.157; df=6p=0.881).
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