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Rugby sevens is a sport with diverse physiological demands as aerobic fitness, sprint velocity
and contact skills each have a significant impact on performance. Training for speed is an
important part of physical preparation, but athletes often are unable to attain peak velocity
during match play. Understanding the relationship between aerobic capacity and recovery
between individual sprints and games may influence training practices. The purpose of the study
was to examine the link between indicators of aerobic fitness and sprint decrements during a
simulated rugby sevens tournament to guide training practices.
Eleven female members of the Finnish national rugby sevens team were recruited to the study
and underwent aerobic capacity testing in the laboratory. Peak oxygen uptake (VO2peak) and
velocity at which lactate begins to accumulate (LT1) and at which lactate levels begin to rise
exponentially (LT2) were measured. After two weeks, participants performed a series of
maximal sprint tests followed by a simulated rugby sevens tournament over two days. Each
game simulation included six sprints, which were recorded using a radar gun. Correlations were
examined between VO2peak / lactate thresholds and peak velocity decrements over the course of
the tournament.
Velocity at LT2 was positively correlated with overall sprint decrement (R = 0.763, p = <0.01)
and with sprint decrement between the two days of the tournament simulation (R = 0.740, p =
<0.01). No correlations were found between VO2peak and overall sprint decrement or sprint
decrement between days of the tournament.
The main finding of the study was that sprint decrements during a simulated rugby sevens
tournament are more closely related to LT2 than aerobic capacity. Whilst speed training is an
important part of physical preparation, athletes and coaches should also focus on improving
LT2. This will increase the likelihood that players can attain peak velocity during matches.
Key words: Rugby sevens, peak oxygen uptake, lactate thresholds, recovery, sprint, repeated
sprint ability
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INTRODUCTION

Building on the international success of the World Series, rugby sevens became an Olympic
sport in 2016. With this recognition has come a flurry of scientific research into the
physiological demands of the sport as practitioners seek optimal approaches for performance
enhancement and player safety. Advances in wearable technology and video analysis have
allowed researchers to quantify the demands of the sport in several categories. Movement data
collected by global positioning systems have shown that rugby sevens is an intermittent sprint
sport with athletes covering approximately 1 to 2 km in a 14-minute game, with the vast
majority at low speeds such as walking or jogging (Ball et al. 2019, Sella et al. 2019). Play is
punctuated however, with periods of high intensity running and sprinting as well as high
intensity actions such as rucks, tackles and changes of direction. It has been shown that more
tackles and carries into contact are performed per minute during rugby sevens than fifteen-aside rugby Paul et al. (2022) contributing significantly to player load. Recovery between these
actions and the ability to maintain maximal outputs over the course of a single rugby sevens
game is extremely important in performance.

Rugby sevens follows a unique format as each event is played in a tournament structure with
six games over two or three days. Recovery between games and days is therefore key to
maintaining performance throughout a tournament weekend and into the final games.
Intermittent high intensity actions must be repeated in all games as maximal velocity actions
have been shown to be decisive in deciding game outcomes (Misseldine et al. 2021). There is
some evidence for an increase in the running demands during games on the second day
(Goodale et al. 2017), however there is no clear evidence that there is a physiological decrement
in game performance as a tournament progresses. Despite this, creatine kinase (CK) levels have
indicated signs of muscle damage in the days following tournament play (Clarke et al. 2019)
and self-reported feelings of wellbeing and recovery have been shown to decrease during and
after a tournament (Doeven et al. 2019). It is possible that physiological decrements do exist,
but the nature of what they are is not yet clear.

The importance of maintaining running performance into the second day of a tournament is
clear and therefore it is important to examine processes associated with recovery. Athletes must
perform repeated high intensity efforts during each 14-minute game and repeat this several
times in a weekend.

A link between aerobic fitness and recovery from high intensity
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intermittent exercise has been proposed with several possible mechanisms identified that
generally focus on either the removal of accumulated by-products of exercise or replenishment
of substances necessary for energy production (Tomlin and Wenger, 2001). Several studies
have explored the link between measures of aerobic fitness and tests of repeated sprint ability
(RSA), but a consensus on a relationship remains elusive. Whilst some studies have identified
a link between maximum aerobic capacity (VO2max) and RSA (Stanula et al. 2014, Gharbi et al.
2015, Archiza et al. 2020, Jones et al. 2013), others have described a stronger correlation
between RSA and lactate or ventilatory thresholds (Baldi et al. 2017, Lowery et al. 2018).

Identification of rugby sevens as a sport with a high aerobic demand (Malone et al. 2020) and
the importance of sprint performance for success in games (Misseldine et al. 2021)
demonstrates a need to understand the relationship between these variables in rugby sevens.
Decrements in sprint performance during game play have been reported in field sports that are
similar to rugby sevens (Massard et al. 2018, Al Haddad et al. 2015, Mendez-Villanueva et al.
2011, Misseldine et al. 2021) and coaches will benefit from identifying the source of these
decrements to influence training practices.

2

2

PHYSICAL DEMANDS OF RUGBY SEVENS

Rugby sevens is played in tournament format over two or three days. Athletes compete on fullsized rugby pitches with fewer than half of the players that are in a traditional rugby union
game. The larger amount of space available to players leads to higher running speeds and a
higher density of game actions (Ross et al. 2013, Suarez-Arrones et al. 2013). Understanding
the running demands of a single rugby sevens game enables coaches to plan training loads
appropriately. Given the tournament structure of rugby sevens, it is also important to examine
the cumulative player load over the course of a tournament and between tournaments. The
understanding of game and tournament demands is also important in a research context so that
physiological demands can be quantified and loading parameters standardised for study.

Rugby Sevens has a unique set of demands that combine high speeds and accelerations, with
collisions and a high aerobic demand. In addition to physical qualities of players, Abe et al.
(2020) showed that body composition may have a significant impact on sprint performance in
female sprinters. Reductions in fat mass may have a greater impact on sprint performance than
increases in muscle mass (Abe et al. 2020). Strength and muscle mass have been shown to play
important roles in performance and injury prevention. For example, Gabbett (2016)
demonstrated the importance of lower-body strength in protecting against fatigue-induced
decrements in tackling performance of male rugby league athletes. Meanwhile, Sella et al.
(2019) indicated the importance of momentum in rugby sevens, highlighting the importance of
body mass for performance.

An international-level rugby sevens tournament is comprised of five to six matches over the
course of two to three days. Tournaments commence with a pool stage of three matches,
followed by a knockout phase of quarter-, semi- and finals. In theory, teams will be more evenly
matched with their opponents as the tournament progresses, making for more demanding games
on day two. Variations in the activity profiles of players have been shown to depend somewhat
on the context of the game within the tournament. Players have been shown to run shorter total
distances and lower high-speed metres during the second half of games (Goodale et al. 2017,
Malone et al. 2020), although these findings have been contested in other studies (SuarezArrones et al. 2012). Activity profiles within games have also been found by Goodale et al.
(2017) to reflect the outcomes of games, with losses resulting in higher total distances and highspeed running distances. However, tournament day, opponent rank, and margin of winning or
3

losing were shown to only have a trivial impact on activity profiles of players (Goodale et
al.2017).

2.1

Quantifying Match Demands in Rugby Sevens

Quantifying match demands in rugby sevens is difficult due to the dynamic nature of play and
the range of variables that may impact performances. Determination of player load using global
positioning systems (GPS) and heart rate (HR) tracking in match play allows researchers to
quantify the exercise intensity and running demands for rugby sevens matches. Several studies
(Malone et al. 2020, Suarez-Arrones et al. 2013, Ross et al. 2013) and subsequent meta-analyses
(Sella et al. 2019, Ball et al. 2019) have been published, which present quantitative
representations of the physiological demands of rugby sevens (Table 1).

The increase in popularity of rugby sevens has coincided with advances in readily available
technology to provide real-time feedback from competitive performances. GPS has become a
common data collection tool in field and repeated sprint sports, where the speed and frequency
at which players travel is used in determining player load and performance (Sella et al. 2019,
Ball et al. 2019). This allows researchers to observe distances covered and speeds at which
players are travelling during games. Quantifying the actions of players using GPS may be useful
in comparing performance variables between games or players. It may also help to examine
interventions on match performance.

Heart rate (HR) monitoring has become a common feature in physical performance analysis at
all levels of physical activity. Heart rate data can be easily measured and utilised as a tool for
estimating exercise intensity in athletes. Field sports utilise these methods extensively at the
elite level. Combining HR and GPS data has enabled researchers to model the match running
demands of rugby sevens (Sella et al. 2019, Ball et al. 2019). The limitations in these models
relate to the dynamic and contact nature of the sport, where high intensity actions are not limited
to running. High intensity contact situations such as tackles, rucks and changes of direction
contribute to extremely high physical demands (Malone et al. 2020).

4

TABLE 1: Summary of GPS match data of female rugby sevens athletes. (Sella et al. 2019).
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2.1.1

Running Demands

Several studies have reported on the running demands in rugby sevens for both male and female
players (Malone et al. 2020, Sella et al. 2019, Ball et al. 2019, Clarke et al. 2015). Further
comparisons have been drawn between levels of play, different positions, halves of play,
tournament stage and margin of victory (Murray et al. 2015, Goodale et al. 2017, Malone et al.
2020). At international level, Ball et al. (2019), found no significant differences between male
and female players in mean total distances covered (1,413m and 1,216m respectively, p=
0.3486) (Ball et al. 2019). This is considerably lower than those found by Sella et al. (2019) for
elite female players (1,623m ± 17). The range of total distances covered in games studied for
both men and women was 916m - 2,486m, with the highest total distance for female players
almost doubling the mean value (2,343m) (Ball et al. 2019). It is of note that none of the studies
that examined elite senior international players passed the external validity quality assessments
set by the researchers.
Rugby sevens is a repeated sprint sport that requires players to perform several accelerations
and changes of direction in a single game. Misseldine et al. (2021) demonstrated the importance
of maximum velocity sprints to performance in rugby sevens games and so higher numbers of
sprints and accelerations are related to game outcome. Malone et al. (2020) described the
importance of high intensity efforts including high intensity running to performance in rugby
sevens. One challenge that researchers face is the definition of boundaries used to define
running intensity. Several ‘zones’ are identified in most studies that examine GPS data (Malone
et al. 2020, Cunniffe et al. 2009, Sella et al. 2019, Ball et al. 2019), yet no consensus exists on
the appropriate definitions of each zone. Cummins et al. (2013) demonstrated the range of
different speeds used to define distinct zones both within and between different sports. Further
issues arise in relation to the terminology used to identify running intensity. Several studies use
terms including ‘striding’, ‘cruising’ and ‘high speed running’ to indicate comparable speed
zones.

Common categorisations of running zones for rugby union in research are based on those
proposed by Cunniffe et al. (2009) (Figure 1). Sella et al. (2019) found elite female athletes to
perform a higher number of sprints and accelerations (3.9 ± 1.2 and 12.4 ± 1.5) per game
compared to national level players (1.9 ± 1.4 and 10.5 ± 3.1). Portillo et al. (2014) found similar
differences between the number of accelerations and sprints performed by international and
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national level players, although with higher mean values (Accelerations: International, 24.8 and
National, 17.0; Sprints: International, 6.5 and National, 1.6).

FIGURE 1. Speed zone categorization used in rugby sevens research (Cunniffe et al. 2009)
The threshold for high intensity running in rugby union of 18 km.h-1 (5 m.s-1) is widely used as
the threshold for both male and female rugby sevens players, although it may not be a valid
figure (Cummins et al. 2013). Clarke et al. (2015) challenged the use of 5 m .s-1 as an arbitrary
threshold in women’s rugby sevens as it may not accurately reflect the point at which female
athletes commence high-intensity exercise. The use of individualised thresholds is
recommended by several authors (Clarke et al. 2015, Abt et al. 2009). The velocity at which
the second lactate threshold (LT2) occurs is proposed as a good guide for the commencement
of high intensity running (Abt et al. 2009). This provides an impractical solution for application
in the field however, and an arbitrary value is required. Clarke et al. (2015) proposed a value of
3.5 m.s-1 as a more appropriate threshold for women’s rugby sevens.

In field sports it has been found that the number of accelerations is lower than the number of
decelerations performed during a match. Only in American football were the number of
accelerations found to be higher than the number of decelerations (Harper et al. 2019). The
number of decelerations in rugby sevens therefore, may be higher than the number of
accelerations presented in elite athletes by Sella et al. (2019) (12.4 ± 1.5). It has been found in
soccer players that the effort for decelerations is 65% higher than the mean player load for all
match actions, compared to 28% higher for accelerations (Dalen et al. 2016). This indicates that
a high amount of player load may be attributed to accelerating and decelerating during games.

2.1.2

Heart Rate and Intensity

Several studies have reported the HR profiles of rugby sevens players and shown that time spent
over 80% of maximum HR accounts for over 75% of a match (Suarez-Arronez et al. 2012,
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Malone et al. 2020, Portillo et al. 2014, Vescovi et al. 2015). Despite completing most of each
game at over 80% of maximum HR, players spend a relatively small amount of the game at
high intensity running speeds (10.6%, Ball et al. 2019, 6.8 - 12.4% Sella et al. 2019). National
level players spend more time at HR > 90% of their maximum (54.6% ± 14.2), compared to
international players (36.0% ± 15.2) (Sella et al. 2019). The intermittent high intensity efforts
and high HR within games represent a high dependence on both the aerobic and anaerobic
systems for performance.

Determining the intensity of activity in rugby sevens presents further challenges when the
dynamic nature of play is considered. Malone et al. (2020) describe the data from their study of
World Series players as indicative of a game that involves a range of movement patterns beyond
linear running and sprinting. Lateral movement, change of direction, tackling and rucking all
contribute to high physiological demands in the sport and to elevated HR. A major component
of rugby sevens is the contact nature of the sport, which can require high levels of exertion and
contribute to the intensity of exercise. Clarke et al. (2015) found that international players are
subject to 7300 impacts (±2200) in a 2-day tournament, with 29 ± 11 impacts of greater than
10g. Paul et al. (2022) found that more tackles and carries into contact are performed per minute
during rugby sevens than fifteen-a-side rugby. Body composition and strength and power
qualities may also have a significant impact on performance within a game.

The dynamic nature of play and the range of high intensity actions that are performed during a
rugby sevens game make it challenging to interpret HR data in terms of high-speed running
during match play. Several factors other than running intensity impact HR and so it can only be
used as an independent measure of overall match intensity rather than specifically related to
running demands.
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3

ENERGY SYSTEMS AND RECOVERY IN RUGBY SEVENS

The intensity and density of both inter- and intra- tournament structures in rugby sevens places
a high premium on the athletes’ ability to recover. Intermittent repeated high intensity actions
across the course of a 2-day tournament requires players to maintain physical capacity to repeat
these actions. Recovery may be sub-divided into three categories. Firstly, the ability to restore
the capacity for high intensity outputs within a game (Bishop and Edge, 2006). Secondly, the
ability to restore the capacity for high intensity outputs between games and overnight between
tournament days (Clarke et al. 2015). Finally, athletes should be able to recover to baseline
levels within 5 days when playing tournaments on consecutive weekends (West et al. 2013).

Several factors may impact the ability to recover. The demands of rugby sevens demonstrate
that high neuromuscular outputs are required intermittently to execute a range of movement
patterns including sprints, accelerations, decelerations, and impacts. In neural terms,
parasympathetic activity may contribute to recovery (Flatt et al. 2019). In metabolic terms,
repeated replenishment of anaerobic systems capable of delivering high ATP yields over short
periods is necessary to ensure sufficient energy is available to drive muscle contractions
(Gastin, 2001).

3.1

Recovery In Rugby Sevens Tournaments

Recovery for rugby sevens players must be considered within games, between games and
between days. Despite no significant reductions in countermovement jump (CMJ) scores,
players have been shown to have increased creatine kinase (CK) levels following days 1 and 2
of a rugby sevens tournament, indicating muscle damage sustained in games (Clarke et al.
2015). There is no evidence however, that physical performance determinants are reduced over
the course of a Rugby Sevens tournament.

Several studies have noted high degrees of muscle damage measured by CK levels following
rugby sevens matches. Takashi et al. (2007) found serum CK levels in males of 18% from
baseline after a rugby sevens match. Following a second match, CK levels rose to 42% above
baseline. Clarke et al. (2015) found increases in CK levels of female rugby players following
the first day of a tournament, with further increases following day 2. These increases were found
to be higher than female soccer players and was attributed to muscle damage caused by repeated
9

collisions experienced in rugby sevens. Despite these increases in CK levels, no difference in
CMJ was found over the course of the 2-day tournament in both elite and sub-elite players.
These findings were repeated by Doeven et al. (2019) who found no decrease in CMJ over the
course of a 2-day tournament and up to 2 days following the tournament.

Although no reduction in neuromuscular performance between tournament days and games has
been observed, there is evidence for a reduction in on-field movement patterns on day 2 of a
tournament. Players at both national and international level have shown reductions in relative
distance covered and % distance covered at > 5 m.s-1 on day 2 (Clarke et al. 2015). Nevertheless,
further studies have found trivial increases in total distance covered by players on day 2 of a
tournament and attributed the change to the importance of knockout matches on day 2 (Goodale
et al. 2017).

Decreases in perceived wellbeing scores have also been linked to rugby sevens tournament play
and recovery. Doeven et al. (2019) recorded the perceived wellbeing scores for players during
a World Series tournament. Scores for general muscle soreness, fatigue, stress, mood and total
quality of recovery were all significantly impaired after day 1 of a tournament. The scores
remained low after day 2 of the tournament and did not return to baseline up to 2 days after the
tournament. Moderate associations were found between high intensity running metres (>3.5
m.s-1) and fatigue, and number of physical contacts and muscle soreness.

3.2

Energy Systems

The aerobic energy system refers to the use of oxygen in the breaking down of fats and
carbohydrates to provide energy (McArdle et al. 2015). It has commonly been linked to
recovery, as it is the predominant energy system in use during low intensity activity and at rest.
The aerobic system has a large capacity relative to anaerobic systems but is limited in the rate
at which it can provide large amounts of energy (Stackhouse et al. 2001). Aerobic capacity is
quantifiable by measuring the largest amount of oxygen that the body can consume and utilise
during a minute, relative to body mass. This is known as VO2max or VO2peak (McArdle et al.
2015).

The role of the aerobic and anaerobic energy systems is to resynthesise adenosine triphosphate
(ATP) so that it may be metabolised, and the energy released may drive muscle contractions
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necessary for movement. These reactions take place within the muscle cells themselves and the
limited supply of stored ATP means that replenishment is an ongoing process. The anaerobic
phosphagen (ATP-PC) and glycolytic systems are both capable of resynthesizing ATP quickly
and without oxygen and are thus particularly useful during relatively short bouts of intense
exercise (Gastin, 2001). These pathways have relatively small capacities and therefore can only
be used for a limited time before recovery is needed. Aerobic pathways can produce a larger
yield of ATP than anaerobic systems, but at a far slower rate (Gastin, 2001). Theoretically the
aerobic pathways are limitless.

3.2.1

Anaerobic Systems

There are two anaerobic systems for energy production. The ATP-PC system can deliver a
short-term high yield of ATP and thus it is essential in performing short activities beyond steady
state (Gastin, 2001). These actions are not necessarily high intensity but do require an instant
supply of energy. The breakdown of phosphocreatine (PC) by creatine kinase releases the
energy required for ATPase to drive resynthesis of ATP from ATP and inorganic phosphate
(McArdle et al. 2015). The ATP-PC system provides only a short-term solution for ATP
resynthesis as PC levels can become almost completely depleted and ATP supplies can decrease
by up to 40% (Gastin, 2001).

Sustained high energy outputs that demand higher rates of ATP resynthesis require high rates
of ATP resynthesis through anaerobic glycolysis. This series of reactions uses energy from the
breakdown of ATP to metabolise stored glycogen and produce a net gain of 2 ATP (McArdle
et al. 2015). Maintaining a high rate of ATP resynthesis through glycolysis indefinitely is,
however, impossible as its by-products cause fatigue (Kemp, 2005). Chief amongst these are
hydrogen protons (H+) that, if not utilised in mitochondrial respiration will accumulate within
the muscle cell and cause acidosis (Kemp, 2005).

3.2.2

The Aerobic System

Adenosine triphoshate (ATP) is resynthesized in the aerobic system through the oxidation of
carbohydrates and fats in the mitochondria of muscle cells. Anaerobic glycolysis is a precursor
to aerobic metabolism of glycogen that results in the production of pyruvate and 2 molecules
of ATP. If insufficient oxygen is available, then lactate is produced by combining pyruvate with
11

excess hydrogen atoms (McArdle et al. 2015). The available pyruvate is converted to acetyl
coenzyme A (acetyl-CoA) and enters the citric acid cycle (Stackhouse et al. 2001). Through a
series of enzyme-driven reactions, carbon dioxide and hydrogen atoms are removed, and 2
molecules of ATP are produced. Carbon dioxide is carried in the blood and expired through
respiration. Carrier coenzymes nicotinamide adenine dinucleotide (NAD) and flavin adenine
dinucleotide (FAD) collect the hydrogen atoms and transport them to the inner membrane of
the mitochondrion as NADH and FADH (McArdle et al. 2015). Prevailing theories of lactate
metabolism have been challenged in recent years by proposals such as lactate shuttles where
lactate is transported for energy production both within cells and in other cells (Kane, 2014).

The oxidation of hydrogen atoms from NADH and FADH occurs in a series of reactions called
the electron transport chain. Oxidative phosphorylation describes the process by which
electrons are transferred from NADH and FADH to oxygen and ATP is resynthesized (Tomlin
and Wenger, 2001). Due to the large amount of NADH and FADH that results from the citric
acid cycle, the yield of ATP is comparatively high in oxidative phosphorylation.

Aerobic metabolism of fat also provides a large yield of ATP. Mobilisation of fatty acids
through lipolysis converts triglycerides to glycerol and 3 fatty acids. Whilst the glycerol will
undergo glycolytic processes, the fatty acids are transported to the muscle cells where they are
converted to fatty acyl-CoA and then transported to the mitochondrion (Tomlin and Wenger,
2001). Beta oxidation describes the process by which acyl-CoA is converted to acetyl-CoA so
that it may enter the citric acid cycle, and hydrogen atoms are removed and transported to the
electron transport chain as NADH and FADH (McArdle et al. 2015).

3.2.3

Physiological Explanation of Peak Oxygen Uptake

Peak oxygen uptake (VO2peak) denotes the maximum amount of oxygen that an individual can
consume and use in one minute. It is an indicator of an individual’s capacity for resynthesis of
ATP using aerobic mechanisms (McArdle et al. 2015). Absolute values of VO2 are calculated
as millilitres of oxygen per minute (ml.min-1), however values are generally presented as
relative to bodyweight (ml.kg.min-1). It has been suggested that values relative to fat-free mass
may be a more accurate indicator of aerobic capacity (Ahn et al. 2013, Tarnopolsky, 2008,
Carter et al. 2001).
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Peak oxygen uptake is commonly measured using incremental tests on a treadmill or cycle
ergometer. A mask is placed over the participant’s mouth and nose so that the amount of oxygen
and carbon dioxide that is inspired and expired can be measured. There are several protocols
for incremental tests, but most of them involve increasing the intensity of exercise via speed or
incline increases every 1-4 minutes. When the volume of oxygen being inspired and utilised by
the body reaches a plateau, this is recorded as the participant’s VO2max. If the test ends prior to
a plateau being reached, then the value is recorded as VO2peak.

There are several contributing and limiting factors to VO2peak. Intake of oxygen is impacted by
factors governing pulmonary ventilation, whilst its delivery to the mitochondria is impacted by
haemoglobin concentration, blood volume, cardiac output, and peripheral blood flow (Lundby
et al. 2017). These factors can be related to several other variables such as age, gender, stature,
and training status. Cardiac output is calculated from heart rate (in beats per minute) and stroke
volume (the volume of blood pumped out of the left ventricle with each contraction). During
exercise, cardiac output increases and a relationship exists between VO2max and maximum
cardiac output (Lundby et al. 2017).

Although maximal oxygen consumption is considered the gold standard as the best measure of
aerobic fitness, there are also several studies that highlight the importance of velocity at VO2max.
McLaughlin et al. (2010) describe the velocity at VO2max as the best predictor of running
performance in endurance athletes as it combines maximal aerobic power with running
economy. This was consistent with the findings of Morgan et al. (1989) which showed a
correlation between vVO2max and 10 km running time in a homogenous population with similar
VO2max. This correlation was explained by differences in running economy.

Velocity at VO2max is also described as maximal aerobic speed (MAS) and several methods
exist for testing in field sports. No consensus exists over the most reliable method of measuring
vVO2max in the field and a range of different tests are used, so comparison between studies is
difficult. Correlations have been found between vVO2max and distance covered in rugby union
matches (Swaby et al. 2016). Similarly, correlations have been found between vVO2max and
high intensity running distance during soccer matches (Krustrup et al. 2003). Specifically, this
study found that both VO2max and MAS correlated with total distance covered, whilst only
vVO2max correlated with high intensity running distance (>15km.h-1). This may indicate that
vVO2max is a good indicator of running performance in field sports such as rugby and football.
13

The common practice of expressing aerobic capacity relative to body mass has been challenged
in studies examining female subjects (Welshman et al. 1996, Heil 1997.) Several studies have
found significant differences between genders when assessing VO2 relative to body mass versus
fat-free mass (Landgraff et al. 2021, Lambert et al. 2013). Duke (2017) describes differences in
stature as the primary cause of lower ventilation for women during high intensity exercise. At
rest these differences disappear when scaled for body surface area (BSA) but not at high
intensities.

Ahn et al. (2013) recommended the use of VO2peak relative to fat-free mass (FFM) to remove
the confounding influence of adiposity as a method for examining insulin resistance in children.
It has been proposed that expressing VO2 relative to FFM eliminates the differences between
gender that account for the 5-8% higher fat mass in women (Tarnopolsky, 2008, Carter et al.
2001).

3.2.4

Aerobic and Anaerobic Thresholds

Through incremental tests it is common to identify exercise intensity thresholds at which the
contribution of different energy systems alters. Both thresholds occur below VO2peak and can
be identified using ventilatory data or accumulation of lactate in the blood (Vesterinen et al.
2016). The imbalance caused by the change in the NAD+/NADH ratio causes H+ to bind to
pyruvate and create lactate. As this process occurs at a faster rate than the body can utilise
lactate, it accumulates in the blood, indicating that the body is relying more heavily on
anaerobic metabolism (McArdle et al. 2015).

The aerobic threshold or first lactate threshold (LT1) represents the point at which anaerobic
systems begin to make a significant contribution to energy production. This point can be
identified by an increase of blood lactate of 0.3 mmol.L-1 from the lowest recorded level
(Vesterinen et al. 2016). The anaerobic threshold, or second lactate threshold (LT2) can be
identified at intensities where blood lactate begins to accumulate as the rate of production
significantly surpasses the rate at which it is metabolised. There are several methods used for
the identification of LT2, but the use of a linear model from LT1 to the next lactate point and
the line between points after a rise of 0.8 mmol.L-1 is commonly used (Vesterinen et al. 2016).
LT2 is distinct from the onset of blood lactate accumulation (OBLA), which occurs at 4 mmol.L1

of blood lactate (McArdle et al. 2015).
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3.2.5

Normative Data on VO2peak in International Rugby Players

Maximum aerobic capacity scores for international rugby players are relatively rare in scientific
literature, perhaps due to the impracticalities of incremental treadmill testing. Studies tend to
use field-based tests such as the Yo-yo intermittent recovery test 1 to estimate aerobic capacity
as these are easier to conduct in team sports settings. There is, however, some data available.
Clarke et al. (2013) measured VO2max in 22 female international level rugby sevens players
(mean value: 46.5 ± 5.2 ml.kg.min-1). Suarez-Arrones et al. (2012) measured 12 international
players with mean VO2max of 51.1 ± 3.6 ml.kg.min-1. Clarke et al. (2015) also measured 7
international level players with VO2max of 51 ± 4 ml.kg.min-1 and vVO2max of 4.1 ± 0.6 m.s-1
(14.76 ± 2.16 km.h-1).

3.3

Aerobic Capacity, Lactate Thresholds and Recovery

Rugby sevens requires players to have highly developed aerobic systems (Malone et al. 2020).
Mean values in the Yoyo Intermittent Recovery Test 1 (Yoyo IR1) for elite female players are
350m higher than non-elite athletes indicating that aerobic capacity is an important factor in
high performance (Sella et al. 2019). A perceived link exists between aerobic capacity and
recovery, despite equivocal evidence in scientific research. Research into the link between
aerobic variables and recovery in team sports has focused largely on repeated sprint ability
(RSA). The aerobic system can resynthesize a large amount of ATP relative to the anaerobic
systems and must contribute to the repeatability of physical outputs (Gastin 2001). Although
RSA is a good indicator of repeated high intensity efforts in a short time such as within a game,
it does not give indication of recovery over the course of a day or a weekend. Tomlin and
Wenger (2001) proposed dividing recovery into two distinct components. A fast component
lasts up to a few minutes and is characterised by the replenishment of PCr and ATP stores as
well as tissue oxygen. A slow component is associated with removal of accumulated metabolic
by-products such as lactate and H+ ions. Both components involve a retained post-exercise
elevation of certain physiological functions such as heart rate and body temperature as the
body’s metabolism returns to a resting state (Tomlin and Wenger, 2001).
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3.3.1

Repeated Sprint Ability

Repeated sprint ability is a commonly described feature of team sprint sports such as rugby,
football, and basketball. It is the ability to perform short sprint activities (<10s) with incomplete
recovery periods (<30s) (Bishop and Edge, 2006). The research into the link between RSA and
aerobic capacity is equivocal, with methodological issues causing some problems in achieving
consensus. Ice hockey players have shown a correlation between fatigue index during an RSA
test and VO2max (Stanula et al. 2014). Gharbi et al. (2015) also found that VO2max was strongly
correlated with RSA fatigue index. Aerobic capacity, particularly the peripheral component,
was also found to be a significant factor in recovery during intermittent exercise in male rugby
players (McMahon and Wenger, 1998). Several studies have demonstrated correlations
between VO2max and RSA in football players (Archiza et al. 2020, Jones et al. 2013).

Aziz et al. (2000) concluded that an increase in aerobic capacity would have only marginal
impact on RSA in team sport athletes. Similarly, it has been demonstrated that professional
football players had significantly better RSA than amateur players, despite similar VO2max
(Rampinini et al. 2009), suggesting that other factors may contribute to RSA. These findings
are supported by those of Cooke et al. (1997) who also suggest that differences between the
recovery rates for individuals with similar VO2max could be attributed to other factors. Edge et
al. (2005) found that untrained individuals made larger improvements in RSA performance
following 5 weeks of high intensity training (HIT) compared to moderate intensity training
(MIT), despite both groups showing similar improvements in both VO2peak and LT2. The
authors attributed the RSA performance improvements to a greater ability to perform a high
amount of work in the latter sprints of the protocol as there were no significant differences
between groups in measures of metabolites associated with exercise.

Several studies have explored a possible link between RSA and lactate or ventilatory thresholds.
Baldi et al. (2017) examined the relationship between RSA decrement and lactate accumulation
in male soccer players. The authors found significant correlations between sprint decrements
and both velocity at the onset of blood lactate accumulation (vOBLA), and peak blood lactate.
Lowery et al. (2018) found that the second ventilatory threshold (VT2) to be a significant factor
in RSA performance amongst male ice-hockey players. Importantly, the authors found that VT2
was more closely associated with RSA than VO2peak.
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There are several possible mechanisms proposed that may link RSA to aerobic performance
markers such as VO2peak and LT2. It is possible that a higher aerobic capacity results in an
increased aerobic contribution to each sprint during the RSA activity, therefore reducing the
contribution required from anaerobic systems. This may particularly apply in the latter sprints
of the RSA activity (Bishop and Edge, 2006). Smaller anaerobic contributions to exercise will
result in lower levels of fatigue associated with anaerobic exercise such as accumulation of
metabolic by-products such as inorganic phosphates and hydrogen ions (H+) and, changes in
blood pH (Gharbi et al. 2015). A large aerobic capacity has been linked to the ability to tolerate,
buffer, and remove H+ from working muscles (Gharbi et al. 2015).

Repeated sprint ability has also been linked to a faster ability to resynthesise Phosphocreatine
(PCr) stores between sprints (Girard et al. 2012). It has been proposed by Bishop and Edge
(2006) that the higher VO2 attained during each sprint of a repeated sprint activity will result in
a higher VO2 at the cessation of each sprint. This higher level of oxygen delivery at the start of
recovery may accelerate PCr resynthesis and thus allow for more sustained repeated usage of
the ATP-PC system. Higher VO2peak and LT2 have both been linked to a greater ability to
rapidly recover PCr stores following depletion through exercise (McMahon and Jenkins, 2002).

Many studies have also linked initial sprint performance to repeated sprint performance
(Hamilton et al. 1991, Bogdanis et al. 1996, Wadley and Le Rossignol, 1998). Faster sprinters
may therefore experience lower sprint decrements than slower sprinters. Non-elite athletes
matched for initial sprint performance have been shown to experience smaller RSA decrements
with higher VO2max (Bishop and Edge, 2006).

3.3.2

Recovery

There is a consensus that acute post-exercise recovery measured by blood lactate clearance is
enhanced through active recovery (Baldari et al. 2005, Greenwood et al. 2008, Hinojosa et al.
2021, Devlin et al. 2014). It has been shown that recovery to pre-exercise blood lactate levels
is dependent on several factors including exercise intensity, training status and intensity of
active recovery, but that blood lactate will normally return to pre-exercise levels in around 30
minutes (Hinojosa et al. 2021). Yet Tomlin and Wenger (2001) suggest that recovery of lactate
and blood pH may take up to an hour or more. There is sufficient time between games in a
rugby sevens tournament and reduces the likelihood of lactate accumulation and acidosis as
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direct contributing factors to fatigue in between games. Furthermore, it has been demonstrated
that lactate removal may be a factor in post-exercise recovery, but no correlation was found
between lactate recovery and subsequent exercise performance (Weltman et al. 1977).

Studies into short-term recovery of neuromuscular function over 24h of rugby sevens
tournaments have not shown reductions in performance despite CK levels showing muscle
damage (Clarke et al. 2015). No consensus exists on the role of aerobic metabolism in the
recovery of neuromuscular function and ATP production over multi-day events such as a rugby
sevens tournament. Restoration of lost water and glycogen through consumption of
carbohydrate and protein appears to remain the most important aspect of recovery over longer
time periods (Alghannam et al. 2018).
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4

STANDARDISING TOURNAMENT DEMANDS TO STUDY RUGBY SEVENS IN
A RESEARCH SETTING

Advances in technology have allowed for data collection on team sports to extend to matchplay. GPS, accelerometer and HR devices and non-invasive blood sampling allow researchers
to examine the physiological impact of real match play on athletes. Although this presents
excellent opportunities for researchers exploring the demands of team sports, it is impractical
for examining correlations or the impact of interventions on performance. Several factors
influence the individual activity profiles of rugby sevens games including position, score,
opponents, substitutions, and game half (Murray et al. 2015, Goodale et al. 2017, Malone et al.
2020). Total distances covered in games studied for both men and women has ranged from
916m - 2,486m, with the highest total distance for female players almost doubling the mean
value (2,343m) (Ball et al. 2019). This variation in match demands makes research into
performance during games difficult to quantify.

The need exists for a standardised model that replicates the demands of rugby sevens games so
that practitioners can explore the effects of independent variables on rugby sevens performance.
A simulated game protocol has been used to examine the effect of heart rate variability in male
rugby sevens players (Douglas et al. 2016). This protocol included a repeated sprint activity
during the first 2 minutes consisting of 6 x 30m sprints with a 180-degree turn. The remainder
of the match simulation consisted of shuttle running and arm-ergometer exercise designed to
mimic the metabolic and running demands of a game. A standardised total distance of 1480m
was consistent with the findings of Ball et al. (2019) from real match GPS data. Time spent in
each speed zone was based on findings of Ross et al. (2013) and included sprinting (>6 m.s-1)
12.1%, high-intensity running (5–6 m.s-1) 4.8%, striding (3.5–5 m.s-1) 19.1%, jogging/cruising
(2–3.5 m.s-1) 21.4%, standing/walking (0–2 m.s-1) 33.1%, and grappling (0 m.s-1) 9.5% (Douglas
et al. 2016). No differences were found in repeated sprint performance over a simulated
tournament weekend using this protocol, possibly due to the measurements taking place only
at the beginning of each game. This would not account for the fatigue accumulated during
games that may hinder sprint performance late in the game. Furthermore, although some
grappling activities were included in the simulation, it fails to account for the large number of
impacts sustained during rucks and tackles in rugby sevens games (Ross et al. 2013, SuarezArrones et al. 2013, Ball et al. 2019).
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4.1

The Rugby Sevens Simulation Protocol

Furlan et al. (2016) proposed that the Rugby Sevens Simulation Protocol (R7SP) is a reliable
protocol for testing selected variables in a research environment, independent of position
specific variation. It was developed based on the match analysis conducted by Furlan et al.
(2015) and Higham et al (2012). The protocol involves two halves of alternating high and low
intensity periods of work, including high intensity running and sprinting, shuttle running,
deceleration and simulated contact situations. There are 6 x 30m sprints followed by a rapid
deceleration of 6m, spread throughout the course of the simulation. This does not qualify the
R7SP as an RSA test as defined by Bishop and Edge (2006) as the rest periods exceed 30
seconds between each sprint. It does, however, simulate the fluctuations in running intensity
experienced in rugby sevens matches, with the most intense periods of work reflecting the those
found in match play by Furlan et al. (2015). Also included in the R7SP are 12 contact activities
designed to simulate rucks and tackles, adding to the ecological validity of the protocol (Furlan
et al. 2016).

4.1.1

Running Demands Comparisons

The total distance covered in the R7SP is 1745 ± 68 m measured by GPS (Furlan et al. 2016).
This is somewhat higher than the mean values reported elsewhere for both male and female
players (Male: 1,413m and Female: 1,216m, Ball et al. 2019. Female:1,623m ± 17, Sella et al.
2019). Furthermore, the 6 x 30m sprints in the protocol is higher than the 3.9 ± 1.2 sprints per
game previously identified for elite female players, as is the number of accelerations (12.4 ±
1.5) (Sella et al. 2019). High intensity running meters (27 m/minute) was also higher than that
reported for real match play (21 m.min-1). The thresholds used for high-speed running were
slightly lower in the R7SP analysis than in real match play meta-analysis (>4.21 m.s-1 vs >4.4
m.s-1) (Sella et al. 2019).

4.1.2

Heart Rate Demands

The 10 male participants who completed the R7SP on two occasions had HR values above 90%
of their maximum HR for 45.4% ± 27.1% of the simulation. This is considerably higher than
the 36.0% ± 15.2% found during match play for elite female players. It is, however, lower than
the figure given for national level players of 54.6% ± 14.2% (Sella et al. 2019). Mean HR % in
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the R7SP were similar to those in female match play (87.6% vs 90%) (Malone et al. 2020, Sella
et al. 2019).

Despite differences between the physiological and running demands in the R7SP and metaanalyses of match play, the R7SP appears to have ecological validity in standardising matchlike conditions for research purposes. The inclusion of a contact element help to give a more
realistic simulation of rugby games than those that only focus on running and metabolic
demands. The contact aspect of rugby sevens has been shown to be a significant part of match
fatigue (Takashi et al. 2007., Clarke et al. 2015., Doeven et al. 2019).
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5

RESEARCH QUESTIONS AND HYPOTHESES

The purpose of this study is to explore the relationship between aerobic capacity, lactate
thresholds, and decrements in sprint performance over the course of a simulated rugby sevens
tournament. The physiological demands of rugby sevens have been documented through realmatch measurement, but links between aerobic capacity, sprint performance, and recovery have
not been fully established. Whilst the significance of speed is clear in games, practitioners may
benefit from understanding which aerobic and anaerobic fitness variables contribute to
maintenance of sprint performance during a tournament. Aerobic capacity and lactate
thresholds were measured in female international rugby players in a laboratory setting three
weeks prior to a simulated rugby sevens tournament set over two days. 6 sprint measurements
were recorded using a radar gun during each of six games to observe sprint decrements during
performances.

Research Question 1: Does aerobic capacity correlate with sprint decrement during a
simulated rugby sevens tournament?

Hypothesis 1.1: Rugby players with a higher VO2peak will experience smaller sprint decrements
between days of a rugby sevens tournament.

No difference has been found in measures of neuromuscular performance through CMJ scores
between days 1 and 2 of a rugby sevens tournament (Clarke et al. 2015, Doeven et al. 2019).
However, CK levels have been shown to increase after games (Takashi et al. 2007) and between
days 1 and 2 (Clarke et al. 2015). Changes in the running demands between days 1 and 2 have
been observed (Goodale et al. 2017). Decrements in peak sprint performance during games
have been observed by Misseldine et al. (2021). These decrements may increase between
games, and this may be related to aerobic capacity.

Hypothesis 1.2: Rugby players with a higher VO2Peak will sprint at higher % of peak velocity
during a rugby sevens match.

Several authors have described overall sprint decrements during field-based sports (Misseldine
et al. 2021, Kyprianou et al. 2019). A higher aerobic capacity may lead to less reliance on
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anaerobic systems for high intensity efforts during each game (Bishop and Edge, 2006). A
higher level of oxygen delivery at the start of recovery after each high intensity effort may
accelerate PCr resynthesis and thus allow for more sustained repeat usage of the ATP-PC
system (Bishop and Edge, 2006). Fatigue and acidosis caused by build-up of excess H+ ions
may also be reduced, allowing for sustained maximal performances (Gharbi et al. 2015).

Research Question 2: Does the second lactate threshold have a stronger relationship than
aerobic capacity with sprint decrements during a simulated rugby sevens tournament?

Hypothesis 2.1: The % of peak velocity achieved during a simulated rugby sevens match will
be more closely associated with velocity at second lactate threshold than VO2peak or velocity at
VO2peak.

Sprint decrement in RSA has been shown to be more closely related to the second ventilatory
threshold than VO2peak in male ice-hockey players (Lowery et al. 2018). Peripheral fatigue
leading to sprint decrement may be more closely related to LT2 than aerobic capacity.

Hypothesis 2.2: The reduction in sprint performance between days of a simulated rugby sevens
match will be more closely associated with velocity at second lactate threshold than VO2peak or
velocity at VO2peak.

Any sprint decrement observed between games will be more closely related to LT2 than
VO2peak. The observed contributions to peripheral fatigue on day 2 of a tournament (Clarke et
al. 2015, Doeven et al. 2019, Takashi et al. 2007) will contribute to a similar sprint decrement
as that observed by Lowery et al. (2018).

Research Question 3: Does peak sprint velocity have a more significant correlation than
aerobic capacity with sprint decrements during a simulated rugby sevens tournament?

Hypothesis 3.1: Decrements in sprinting speed will be more closely associated with peak
velocity than VO2Peak or velocity at VO2Peak.
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Initial sprint performance will be a better indicator of sprint decrements than aerobic variables.
This will confirm the relationship between aerobic capacity and repeated sprint performance
that has been observed in several studies. (Hamilton et al. 1991, Bogdanis et al. 1996, Wadley
and Le Rossignol, 1998).
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6

6.1

METHODS

Subjects

This study was part of a larger project into relative energy deficiency in sport (REDS) that
included long term monitoring of female athletes from a range of sports over several years. The
NOREDS project is led by Dr. Johanna Ihalainen, Senior Lecturer at the University of
Jyväskylä. Twelve female members of the Finland rugby sevens national team volunteered to
take part in the study. One subject completed the laboratory testing but was forced to withdraw
from the study during the rugby sevens simulation due to injury sustained outside of the study.
The remaining eleven subjects were included in all analyses (age 28.7 ± 3.5 years, height 167.0
± 4.4 cm, body mass 68.1 ± 9.7 kg, VO2peak 45 ± 2.8 ml.kg.min-1). All subjects had a history of
physical training for their sport and had represented Finland in international rugby
competitions. The study was approved by the Ethical Committee at the University of Jyväskylä
(Statement ID: 514/13.00.04.00/2021) and the measurements were completed in accordance
with the declaration of Helsinki.

6.2

Experimental Design

All subjects completed an incremental treadmill test at the University of Jyväskylä in October
2021 at the beginning of the off-season for rugby in Finland. After a period of two weeks,
participants completed a series of field tests outdoors on artificial turf in Tampere and Helsinki.
Following initial sprint measurements, subjects completed three rugby sevens simulations on
two consecutive days following the protocol in the R7SP (Furlan et al. 2016). Each game in the
protocol included 6 x 30m sprints with a 6m deceleration. Peak velocity for each of these sprints
was recorded using a radar gun for a total of 6 sprints per game and 36 sprints for the entire
tournament simulation.

6.3

Laboratory Testing

Laboratory testing was conducted at the University of Jyväskylä. Participants first completed a
10-minute dynamic stretching warm up of their own choosing to prepare for the strength and
power tests. They completed 3 CMJ and 3 isometric leg press tests, followed by an incremental
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treadmill test to determine VO2peak (Figure 2). The results of the CMJ and leg press are included
only as descriptive statistics of the sample.

Laboratory Tests

Field Tests Day 1

CMJ

Sprint Tests

Isometric Leg Press
Incremental Treadmill Test

R7SP Day 1 (3 games)
2 – 3 weeks
Consecutive days

Field Tests Day 2
R7SP Day 2 (3 games)

FIGURE 2: Procedure for the testing period

In preparation for the incremental treadmill test, a resting blood lactate measure was taken. This
was obtained as a blood sample taken from the middle fingertip of the left hand (20 µL). All
blood analysis were conducted with a Biosen C-line lactate analyser (EKF Diagnostic,
Magdeburg, Germany). This was followed by a 5-minute warm up on the treadmill at 7 km.h-1
(OKJ-1 treadmill, Telineyhtymä Kotka, Kotka, Finland). During this warm-up, test procedures
and safety information was discussed. Participants were then fitted with a mask and connected
to the Vyntus CPX metabolic cart gas analyser (Jaeger-CareFusion, Hoechberg, Germany) for
breath-by-breath analysis during the test. Polar V800 (Polar Electro, Kempele, Finland) sensors
were used to measure HR.
The treadmill test started at 7 km.h-1and the speed was increased by 1 km.h-1 after every 3
minutes, stopping briefly in between levels for a blood lactate measurement. The treadmill was
set to a 0.5 degree incline for the entirety of the test. The break between levels never exceeded
30 seconds so there was no need to add extra time for any of the test levels. The test continued
until the participant reached exhaustion and terminated the test using a pre-determined signal.
Average VO2 was recorded during the final 60 seconds of each level. HR was recorded using
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the average during the last 30 seconds of each phase. At the end of each level, participants were
asked their rating of perceived exertion (RPE) on Borg’s scale from 6-20. Lactate thresholds
were determined using the methods identified by Vesterinen et al (2016). A rise of 0.3 mmol.L1

above the lowest lactate value marked LT1. The intersection of linear models from LT1 to the

next lactate point and following a rise of 0.8mmol.L-1 marked LT2 (Vesterinen et al. 2016). A
final lactate measurement was taken 1 minute following termination of the test.

6.4

Sprint Testing

After a period of 2 weeks, participants completed the field-based portion of the study. Following
a standardised 10-minute warm up consisting of a short jog, dynamic stretching, and some short
sprint drills, players completed 3 maximal 30m sprints followed by a 6m deceleration and a 3minute rest in between each sprint. These sprints were recorded using an ATS Stalker II radar
gun (Applied concepts, Dallas, TX, USA). The radar device was held 10 m behind the subject
at a height of 1m (Figure 3). Peak velocity was established using the manufacturer’s software
for ATS Stalker II (STALKER ATS version 5.0.3.0). A medium filter was applied in
accordance with manufacturer’s instructions.

FIGURE 3: Setup for the sprint testing. This was used both in pre-sprints and as part of the
R7SP.

6.5

Rugby Sevens Simulation Protocol

Following the sprint testing, participants completed the R7SP three times on two consecutive
days to simulate a full rugby sevens tournament (Furlan et al. 2016). Each simulation (excluding
the first) was immediately preceded by the same standardised 10-minute warm up and followed
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by a full 90-minute rest period. Participants were familiarised fully with the protocol before the
first trial. The protocol is designed to replicate the physical demands of a rugby sevens game
for use in a research setting. It consists of two, seven-minute halves of alternating ‘High
intensity’ (HI) and ‘Low intensity’ (LI) blocks. Each half is separated by a 1-minute rest period
or ‘half time’ (Figure 4).

FIGURE 4. Schematic diagram of the R7SP. * = starting point B = blue cone; W = white cone;
R = red cone; O = orange cone; Y = yellow cone; H = hurdle; T = tackle area; Ru = Ruck area
(tyre). b) Schematic representation of the R7SP exercise pattern (time weighted) (Furlan et al.
2016)
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TABLE 2: Chronological sequence of movements and cues in the R7SP (d = distance in metres,
t = time in seconds) (Furlan et al. 2016)

Participants were instructed to follow a set of audible commands around a course of coloured
cones that included ‘walk, jog, run, tackle, ruck, shuttle, and sprint’. These were described in
accordance with the protocol described by Furlan et al. (2016). ‘Walk’ and ‘jog’ were described
as low intensity activities. ‘Run’ was described as ‘cruise-type events that do not require a
maximal acceleration’. ‘Sprint’ was described as ‘a maximal acceleration in attempt to reach
and maintain peak speed’. ‘Tackle’ involved hitting a tackle bag with force and dropping to the
floor before immediately returning to their feet. For the ‘Ruck’, participants hit a tackle bag and
completed a sustained drive of 2 seconds. ‘Shuttle’ involved a 5m L-shaped shuttle sprint. All
activities were ‘full speed’ and ‘maximum intensity’ other than ‘Walk’, ‘Jog’ and ‘Run’. Prior
to each ‘Sprint’, subjects were given the instruction to ‘rest and ready for sprint’, requiring them
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to place 1 hand on the floor and ready themselves for the sprint. Each HI block culminated in a
single 30m sprint with a 6m deceleration. These were measured using the same method as the
pre-tournament sprints and the ATS Stalker II radar gun.

6.6

Sprint Analysis

A total of 429 sprint files were collected and analysed. The files were uploaded to the
STALKER ATS version 5.0.3.0 programme and displayed as shown in figure 5. Points that
followed the acceleration curve were selected for inclusion in the analysis, whilst those that
deviated significantly from the path were excluded. All sprint files were of high quality and
therefore included in the analysis.

FIGURE 5: Example raw data from the sprint files captured by the ATS Stalker II radar gun

Following the manufacturer’s instructions for processing sprint files, the ‘acceleration run’ file
type was selected, and a medium digital filter was applied to each of the files (Figure 6). The
statistics menu in the software was used to identify the peak velocity of each sprint.

30

FIGURE 6: Individual sprint file following application of a medium digital filter as
recommended in the manufacturer’s instructions using the Stalker ATS 5.0 programme.

6.7

Statistical Analysis

Interpretation of the data and statistical analysis was performed with SPSS software (IBM
Corporation, Armonk, NY, USA) and Microsoft Excel for Microsoft 365 software (Microsoft
Corporation, Redmond, WA, USA). All results are presented as mean ± standard deviation.
Due to a relatively small sample size (n=11), non-parametric tests were used in analysis.
Comparisons were made between aerobic fitness variables obtained in the treadmill test and
sprint variables obtained during the field tests to examine correlations. Peak sprint velocities
were both averaged and summed for each day. Summed peak velocity was used to measure
between day differences as recommended by the author of the protocol. Average peak velocity
was used to assess sprint decrements from peak velocity measured in the sprint tests. Wilcoxon
Signed Rank Test was used to determine differences between the sprint values of different days.
Spearman’s rank-order correlation was used to examine the relationship between aerobic and
velocity variables. With the relatively small sample size, only correlations ≥0.6 were rated as
significant and correlations were not given any ranking based on their strength. Using a larger
sample size and parametric tests would have allowed for ranking of the strength of the
correlations. Statistical significance was determined using p-values of ≤0.05 and ≤0.01.
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7

RESULTS

7.1

Physical Performance characteristics

Physical performance characteristics of the participants are recorded in Table 3. All data
presented as mean ± standard deviation.
TABLE 3. Physical performance characteristics of participants (n=11)
Mean
.

.

-1

VO2peak (ml kg min )
vVO2peak (km.h-1)
LT1 (km.h-1)
LT2 (km.h-1)
VO2peak / FFM (ml.kg.min-1)
Lapeak (mmol.L-1)
CMJ (cm)
ILP (N)

45 ± 2.8
13.7 ± 1.0
9.1 ± 0.8
11.2 ± 0.9
59.4 ± 3.9
11.2 ± 1.9
34.6 ± 5.7
347.2 ± 70.5

vPeak (km.h-1)
26.5 ± 1.7
VO2peak = peak oxygen uptake, vVO2peak = speed at which VO2peak occurred, LT1 = speed at the
first lactate threshold, LT2 = speed at the second lactate threshold, VO2peak / FFM = maximal
oxygen uptake expressed per kilo of fat-free mass, Lapeak = peak lactate value recorded, CMJ =
countermovement jump, ILP = isometric leg press, vPeak = peak sprint velocity.

32

7.2

Sprint Performance Decrements

All players experienced significant sprint decrements compared to pre-tested peak velocity
during the R7SP (Figure 7). The average pre-testing velocity was 26.5 ± 1.7 km.h-1. On day 1,
the average sprint velocity during games was 24.8 ± 1.9 km.h-1 and on day 2 it was 24.7 ± 2.1
km.h-1. There was an average decrement between day 1 and 2 of only 0.1 km.h-1 that was not
statistically significant (p = 0.508).

Mean Peak Velocity (km.h-1)

30

20

10

Pre Testing

Day 1

Day 2

0

FIGURE 7: Average peak velocity per day (Pre = 26.5 ± 1.7, Day 1 = 24.8 ± 1.9, Day 2 = 24.7
± 2.1)
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Velocity at LT2 showed a statistically significant correlation with average overall sprint
decrement (Figure 8) (R = 0.763, p = <0.01). To ensure correct analysis of the data, the outlying
datapoint at -4km.h-1 was temporarily excluded, and correlations were repeated. This brought
similar results and thus confirmed that a statistically significant correlation exists (n = 10, R =
0.779, p = <0.01).

LT2 Velocity vs Average Sprint Decrement
LT2 Velocity (km.h-1)

13

11
R = 0.763
p = <0.01

9

n = 11

7
-4.5

-4.0

-3.5

-3.0

-2.5

-2.0

Average overall sprint decrement

-1.5

-1.0

-0.5

0.0

(km.h-1)

FIGURE 8: Relationship between velocity at LT2 and average overall sprint decrement during
both days of the tournament simulation.

VO2peak did not correlate with average overall sprint decrement (Figure 9). Analysis was again
conducted with the datapoint at -4km.h-1 excluded, and no correlation was observed.
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FIGURE 9: Relationship between VO2peak and average overall sprint decrement during both
days of the tournament simulation.
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7.3

Day 1 to Day 2 Decrements

There was a significant correlation between velocity at LT2 and sprint decrement between days
(Figure 10) (R = 0.740, p = <0.01). The outlying datapoint at -0.9 km.h-1 was temporarily
excluded from the analysis and the correlation was re-examined with similar results (n = 10, R
= 0.702, p = 0.02).
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FIGURE 10: Relationship between velocity at LT2 and average sprint decrement between days
1 and 2 of the tournament simulation.

Sprint decrements between tournament days did not correlate with VO2peak (Figure 11). With
the datapoint at -0.9 km.h-1 excluded, no correlation was observed.
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FIGURE 11: Relationship between VO2peak and average sprint decrement between days 1 and
2 of the tournament simulation.

35

7.4

Peak Velocity

There was evidence of a correlation between peak velocity measured in pre-testing and
decrement between days, although this was not statistically significant (Figure 12) (R = 0.600,
p = 0.051). Temporary removal of the datapoint at -0.9 km.h-1 weakened the correlation
considerably (n = 10, R = 0.479, p = 0.162).
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FIGURE 12: Relationship between peak velocity and average sprint decrement between days
1 and 2 of the tournament simulation.

There was no relationship between peak velocity and overall velocity decrement (Figure 13).
With the datapoint at -4 km.h-1 excluded, no correlation was observed.
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FIGURE 13: Relationship between peak velocity and average overall sprint decrement during
both days of the tournament simulation.
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8

DISCUSSION

The results of this study showed that international female rugby sevens athletes attain an
average of 90-95% of their peak velocities during 30m sprints in a rugby sevens tournament
simulation. It appears that velocity at LT2 was a good predictor of overall sprint decrement and
sprint decrement between days 1 and 2 of a tournament simulation. It also showed lactate
thresholds to be more strongly related to sprint decrements than VO2peak. Finally, the study
revealed that there was no significant relationship between initial sprint performance and sprint
decrements over the course of a rugby sevens simulation.

8.1

Overall sprint decrements

Of particular interest in this study were that players experienced a sprint velocity decrement
during the game simulations compared to their pre-tested peak velocities. Players sprinted on
average 94% (Day 1) and 93% (Day 2) of their pre-tested peak velocities during games and
only 2 players reached 98% of their pre-tested velocities during any games. The range of
average sprint decrements were -0.8 km.h-1 to -4 km.h-1. The difference between pre-tested peak
velocity and average velocity on day 1 and day 2 was statistically significant. This has
implications for performance during a rugby sevens tournament if players are not able to reach
maximum velocity at any point and if there is a physiological factor that can be trained to ensure
higher % of peak velocity in match play.

Several studies have reported that peak velocities achieved during games do not match those
measured in pre-testing. Misseldine et al. (2021) has demonstrated that elite female rugby
sevens players achieve average peak velocities of 90-95% of their maximum during match play
but that some players can reach up to 100%. Kyprianou et al. (2019) found that young male
soccer players recorded higher peak velocities in 40m sprint tests than during match play. This
was confirmed in several studies, which found that male players reached average peak velocities
of ~90% of their recorded maximum (Massard et al. 2018, Al Haddad et al. 2015, MendezVillanueva et al. 2011). Contrary to other studies however, Massard et al. (2018) found that the
absolute peak velocity recorded by players came during match play rather than sprint testing.

There are several factors that may influence the overall sprint decrement seen during the
tournament simulation. Firstly, the sprint in the R7SP is only 30m long and it has been shown
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that athletes may take up to 6 seconds for elite female sprinters to reach peak velocity (Slawinski
et al. 2017). This would support Kyprianou et al.’s (2019) assertion that maximum velocity is
not reached during match play because of the relative short distances sprinted during games.
This concern is mitigated by the fact that peak velocity was tested under the exact same
conditions as those in the R7SP, with a 30m sprint followed by a 6m rapid deceleration. This
presents a potential limitation to the study in that the peak velocity measured during the pretesting may also not be representative of the participant’s best and was limited by the testing
conditions.

Fatigue may have played a significant part in the inability of athletes to reach peak velocity.
Prior to each sprint in the R7SP is 88 seconds of high-intensity actions (tackle, run, ruck and
shuttle) interspersed with low-intensity actions (walk, jog, rest). It is possible that peripheral
fatigue such as that caused by acidosis or reduced PCr stores accumulated during these actions
would contribute to relatively low sprint performance. The correlation between LT2 and overall
sprint decrement would support this idea as a strong link has been demonstrated between lactate
thresholds (vOBLA) and neuromuscular performance in jumping tasks (Baldi et al. 2017).

8.2

Relationship between aerobic capacity and sprint decrements

Velocity at the second lactate threshold (LT2) has a more positive correlation with sprint
decrements during a rugby sevens tournament than VO2peak. This is consistent with previous
studies that have found RSA sprint decrement to be related to velocity at the onset of blood
lactate accumulation (vOBLA) in male soccer players (Baldi et al. 2017). These findings are
consistent with previous studies that show RSA sprint decrement to correlate more strongly
with the second ventilatory threshold (VT2) than VO2peak, in male ice hockey players (Lowery
et al. 2018). Relationships between VT2 and LT2 have been shown in several studies (Burke et
al. 1994, Edwards et al. 2003, Beaver et al. 1986). It has been proposed that thresholds based
on blood lactate accumulation (vOBLA) may represent peripheral aspects of aerobic fitness
such as capillary density and the transportation of lactate and H+ ions (Baldi et al. 2017). These
peripheral factors have been highlighted as large contributors to RSA performance (Girard et
al. 2012).
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Aerobic capacity expressed as VO2peak did not correlate with overall sprint decrements or
decrements between day 1 and 2 of the tournaments. It has been suggested that for female
athletes, aerobic capacity may be expressed as VO2 / FFM to account for the 5-8% higher fat
mass in women compared to men (Tarnopolsky, 2008, Carter et al. 2001). This adjustment still
produced no significant correlation with day 1-2 decrement or overall sprint decrement.

A correlation between vVO2peak and overall sprint decrement was statistically significant.
Earlier correlations with vVO2peak have shown larger volumes of high-speed running during
soccer matches (Krustrup et al. 2003) and total distance covered in rugby matches (Swaby et
al. 2016). This may contribute to the evidence that vVO2peak is a better evaluation tool for
running performance in games than VO2peak.

8.3

The effect of initial sprint performance

Despite several studies linking initial sprint performance to repeated sprint performance
(Hamilton et al. 1991, Bogdanis et al. 1996, Wadley and Le Rossignol, 1998), there was limited
evidence for such a link in this study. Initial sprint performance did not correlate with overall
sprint decrement. There was some correlation between initial sprint performance and day 1-2
sprint decrement, but this was not statistically significant. This indicates that initial sprint
performance is not necessarily related to sprint decrement during a tournament simulation.

Misseldine et al. (2021) used expert coaches to examine the importance of 35 game clips where
female players reached >90% of maximum velocity. Over half of the maximum velocity efforts
were considered highly influential to the game outcome. This highlights the importance of
training to improve maximum velocity in rugby sevens as it can have a significant impact on
game outcome. However, this study does not provide evidence that a higher maximum velocity
has any impact on an athlete’s ability to sprint repeatedly at maximum velocity. Other factors
must explain sprint decrement.

8.4

Sprint performance between days

Several players increased their average speed on day 2 of the tournament. This is consistent
with previous findings that there are no differences in CMJ height over the course of a 2-day
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tournament as both CMJ and maximum velocity can be used to evaluate neuromuscular
performance (Clarke et al. 2015, Doeven et al. 2019).

Players in this study with higher LT2 were also able to run faster on the second day of the
tournament than on the first day. This may be important in the context of Doeven et al.’s (2019)
finding of moderate associations between high intensity running metres (>3.5 m.s-1) and
perceived fatigue after tournament days. It has been proposed that players run higher relative
distances both overall and at high speeds on day 2 of a tournament, however these findings
were only trivial and may lack practical significance (Goodale et al. 2017). The authors of that
study suppose that the increase in running may be due to an increase in intensity of competition
during the knockout stages of a tournament. The increase in mean sprint speed observed in
some participants on day 2 of this study is clearly not related to these findings as there was no
competitive element to the tournament simulation.

It is important to note that the mean difference in peak velocity from day 1 to day 2 was
negligible and not statistically significant, with most athletes falling within a range of -0.2 to
0.2 km.h-1. Although a correlation between sprint decrement between days and LT2, it has little
practical significance given the relatively small decrements and increases seen.

8.5

The second lactate threshold and high intensity running

Studies into the running demands of field sports have extensively used GPS to record time and
distance running in set velocity zones. These zones vary between studies and sports, and the
terminology used is inconsistent (Cummins et al. 2013). Clarke et al. (2015) recommended that
individual ventilatory thresholds be set for measuring high intensity running in female rugby
sevens athletes, or that the ~5 m.s-1 (18 km.h-1) figure used in men’s rugby was not appropriate
for female athletes. A speed of 3.5 m.s-1 (12.6 km.h-1) was proposed as more appropriate. This
built upon work by Abt et al. (2009) who recommended that the second ventilatory threshold
would be a better descriptor of high intensity running than an arbitrary figure used by the GPS
manufacturer.

The mean velocity at LT2 of the participants in this study was slightly lower than the figure
proposed by Clarke et al. (2015) as high intensity running, which was based on the mean VT2
of seven international rugby sevens players. This may be explained by the difference in level
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of the player groups and the distinction between international athletes in different countries.
This supports the argument for the use of individualised thresholds based on LT2 or VT2 for
high-speed running. The standardised protocol used in the R7SP means that athletes completed
the same amount of work at approximately the same time during every simulated game.
Athletes with a higher LT2 will have had a smaller reliance on the anaerobic glycolysis as the
aerobic system is able to provide ample replenishment of ATP to a higher intensity of exercise.
This will result in less peripheral fatigue caused by accumulation of H+ ions, improved
buffering of lactate (Girard et al. 2012, Gharbi et al. 2015) and an increased ability to repeatedly
perform tasks with a high neuromuscular demand (Baldi et al. 2017). Tomlin and Wenger
(2001) assert that accumulated H+ ions reduce the efficiency of metabolic pathways and slow
recovery. It can be concluded that athletes with a higher LT2 would have accumulated less H+
and therefore would recover faster during the simulated games.

Fatigue resulting in peak sprint velocity decrements as seen in this study can result from either
limitation of energy supply or accumulation of metabolic by-products (Girard et al. 2012).
Changes in blood pH that are related to the accumulation of lactate have been linked to a
reduction in phosphofructokinase activity and ultimately a reduction in the rate at which ATP
is resynthesized (Hinojosa et al. 2021). A diminished availability of ATP would impact the
ability to repeatedly perform high intensity actions such as sprinting to maximum velocity. Da
Silva et al. (2010) state that vOBLA reflects peripheral training adaptations including
transportation of lactate and H+ ions and is thus a good indicator of repeated sprint performance.
Associations have been found between H+ accumulation, PCr degradation and muscular fatigue
in soccer players (Balsom et al. 1992) that support this theory. However, Stackhouse et al.
(2001) argued that although changes in pH caused by accumulation of H+ may be a contributing
factor to fatigue, it is not a major factor. They assert that accumulation of inorganic phosphate
has a more significant role in decreasing muscle force at the cross-bridge level. It is likely that
a combination of factors contribute to the reductions in sprint performance seen during field
sports.

8.6

Strengths and limitations of the study

There are several limitations with this study that must be taken into consideration when
interpreting the results for practical application. Firstly, the population sample was relatively
small and homogenous which makes conclusions drawn from correlation difficult to justify.
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While the range of VO2peak for most of the group was between 42 and 50 ml.min.kg-1, one athlete
had a VO2peak of 38.9 ml.min.kg-1. This athlete also demonstrated larger overall sprint decrement
than other athletes (-4 km.h-1). It is possible that a testing a population with a larger range of
VO2peak values would demonstrate some correlation between aerobic capacity and overall sprint
decrement.

A second limitation is that the 30m sprint distance and 6m deceleration may not allow some of
the athletes to reach peak velocity. Although the pre-sprint tests were conducted under the same
conditions, the impact of peripheral fatigue may confound the results during the R7SP as the
ability to perform maximal neuromuscular tasks is impaired (Baldi et al. 2017). Deceleration
has been shown to have a higher impact on player load than acceleration in field sports (Dalen
et al. 2016) and as the deceleration area was standardised at 6m, the players may not have
reached peak velocity to ensure that they decelerated in time.

This study failed to control some factors that are specific to rugby sevens and to female sport.
Firstly, no control was made for the athletes’ menstrual status, which may have some impact
on aerobic performance. Ventilation, thermoregulation, and energy substrate selection appear
to be impacted by progesterone levels, for example (Constantini et al. 2005). Secondly, the
study took place in the autumn when the weather in Finland is relatively cool. Rugby sevens is
often played during the summer months and the climate can have an impact on the physiological
responses of female rugby sevens athletes (Henderson et al. 2022).

The benefit of using the R7SP over a standard RSA test is that it reflects the demands of the
sport, including some level of impact and contact work. This adds to the ecological validity of
the study. The inclusion of the standardised 6m deceleration phase may also contribute to the
ecological validity of the peak velocity testing but may require other variables than peak
velocity to be tested. Acceleration, deceleration, momentum, 36m start-and-stop time or sprint
times at fixed shorter distances may be more appropriate measures when using this protocol to
quantify fatigue and recovery between exertions.

The R7SP is an extremely useful tool for standardising the physiological demands of a rugby
sevens game and tournament that has strong ecological validity for use in a research
environment (Furlan et al. 2016). It is of course impossible to replicate the contact demands
and dynamic nature of the game in a standardised setting, so this limitation is difficult to
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overcome. The ‘tackle’ and ‘ruck’ segments of the R7SP allow for some standardised contact
but do not represent the impacts that have been shown in rugby sevens, which occur at a higher
density than in other forms of rugby and form a significant portion of the demands of the sport
(Paul et al. 2022).

8.7

Conclusions

This study has demonstrated that LT2 is more important than VO2peak in limiting the sprint
decrement experienced during a rugby sevens tournament. It supports previous research
demonstrating that lactate and ventilatory thresholds are more important than maximum aerobic
capacity in RSA activities (Lowery et al. 2018, Baldi et al. 2017, da Silva et al. 2010). Higher
lactate thresholds equate to a higher aerobic contribution to exercise and a reduction in
peripheral fatigue caused by accumulation of H+, inorganic phosphate and lactate. Repeated
performance of tasks with a high neuromuscular demand that are affected by peripheral fatigue,
such as sprinting, are therefore related to LT2.

8.8

Practical Applications

This research has valuable practical applications for coaches and athletes in rugby sevens. The
importance of maximal sprint velocity in rugby sevens has been previously demonstrated
(Misseldine et al. 2021). The ability to perform sprints at maximum velocity and to maintain
repeated performances appears to be related to the lactate thresholds. Coaches could therefore
combine sprinting with training specifically aimed at increasing the intensity at which the
second lactate threshold occurs. This will help athletes to achieve the sprint performances that
they are capable of during real match play.
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