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Abstract: Understanding the physical fitness elements that influence high-intensity running ability
during rugby matches is crucial for optimizing player performance and developing effective training
strategies. In this study, we aimed to investigate the relationships between various physical fitness
components and high-intensity running ability in rugby. For this purpose, 60 Japanese university
rugby players were randomized into four groups and two matches were played. The participants were
monitored in two matches, and their running abilities were assessed using GPS sensors. The running
time was divided into three running velocity categories: distance run at <5.4 km/h (low-intensity
running); distance run at 5.5~17.9 km/h (medium-intensity running), and distance run at >18.0 km/h
<(high-intensity running) and backs and forwards were evaluated separately. To determine which
physical fitness test is more predictive of performance, we decided to correlate several physical test
performances with the running time intensities during the matches. Independently of the position,
the high-intensity running time correlated with the repeated sprint ability (RSA) and the 40 m sprint
speed. The results suggest that RSA measured in the field is the most important high-intensity
running ability predictor during a match for both positions.

Keywords: repeated sprint ability; rugby union; high-intensity running

1. Introduction

Running performance, including distance, speed, and acceleration, significantly im-
pacts the overall team performance in field sports. The Rugby Union has undergone rule
changes in recent years to enhance the match’s appeal and increase its pace [1,2]. A typical
rugby match involves collisions and intermittent exercise, with players covering 5-7 km in
an 80 min game [3,4]. Crucial moments in the match often involve high-intensity running,
such as sprints, which can determine the outcome [5].

Research indicates that forwards (FWs) cover an average high-intensity distance of
462 m, while backs (BKs) cover 655 m during actual matches [6]. Forwards typically
perform 15-17 high-intensity runs lasting 45-52 s, while backs make 7-16 runs lasting
26-28 s [7]. Notably, high-intensity running declines in the second half of matches [8].
Enhancing high-intensity running ability throughout the match can elevate the competi-
tiveness of rugby matches. Thus, it is important to identify key physical fitness factors that
influence players” high-intensity running ability during rugby matches.

Running performance tests, particularly sprint and endurance tests, are commonly
used to assess physical fitness in rugby [9,10] due to their significant impact on match
performance. However, these tests do not reflect the dynamic of the sport. The repeated
sprint ability (RSA) test, which combines sprinting and endurance, is utilized in training
for sports involving intermittent exercise [11-13]. The RSA test measures the ability to
repeatedly perform high-intensity running at speeds of at least 90% maximum power [2].
While field-based RSA tests are considered good indicators of running ability during
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matches [12], their validation for high-intensity running (Dist. Z46) in actual matches is
still needed.

In this study, we aimed to establish which test can better correlate with performance
in the field. To achieve this objective, 60 Japanese university rugby players were randomly
divided into four groups based on their positions as backs and forwards, as well as their
repeated sprint ability. The participants were closely monitored during two matches, with
their running abilities assessed using GPS sensors. The running time was categorized into
three distinct levels: distance covered at speeds of <5.4 km/h (low-intensity running),
distance covered at speeds ranging from 5.5 to 17.9 km/h (medium-intensity running),
and distance covered at speeds > 18.0 km/h (high-intensity running). To ascertain the
most reliable physical fitness test for predicting performance, our study sought to establish
correlations between various physical test performances and running time intensities
during rugby matches. Our results suggested that the RSA test was the more predictive
test for the performance in the field for back and forward players.

2. Materials and Methods
2.1. Subjects

In this study, a total of sixty Japanese university-level rugby players with an average
age of 20.5 & 0.7 years were recruited. The subjects had played rugby for 7-10 years.

Among the initial sixty subjects, eight were excluded from the analysis due to injuries
sustained during the matches, resulting in a final sample size of fifty-two individuals
(twenty-three backs and twenty-nine forwards). To ensure the completion of the matches,
substitute players were allowed to participate, although they were not included in the
subsequent statistical analysis. This study was approved by the Doshisha University Code
of Research Ethics based on an ethics review committee (application number 18036). The
subjects expressed their consent to participate in this study.

2.2. Study Design

The participants underwent various physical assessments and fitness tests, including
evaluations of body composition, sprint ability, endurance capacity, repeated sprint ability
(RSA), muscle strength, and power. Detailed descriptions of each test are provided below.

After completing the assessments, the subjects were randomly divided into four
groups (A, B, C, and D). When randomizing the subjects in this study, to ensure that the
rugby levels of all four groups were equal, subjects were divided not only by RSA and
position but also by their level of rugby skill (evaluated by the coach). Therefore, the
authors assume almost no difference in rugby level among the four groups. In addition,
since the subjects in this study were from the same team, they regularly trained based
on similar daily tactics. In each game of the experiment, the subjects were instructed to
replicate their daily training tactics without any extreme tactical differences in the tactics of
each game. Thus, the experimental design was designed to eliminate as much as possible
the differences between the groups, not only at the rugby level but also in tactics, so that
the relationship between high-intensity running ability and physical fitness characteristics
could be extracted.

In all 4 groups, subsequently, two matches were played: A vs. B and C vs. D, both
lasting eighty minutes. Throughout these matches, the players’ running performance was
measured using GPS devices (further details provided later).

2.3. Measurements in Physical Characteristics and Physical Fitness
2.3.1. Body Composition

Height was measured using a YS silver studio meter. A multi-frequency body compo-
sition monitor (Tanita MC-780-N.Tanita, Tokyo, Japan) was used to measure weight, body
fat (%Fat), and muscle mass (%Muscle). %Fat was calculated by dividing the fat mass by
body mass. Likewise, %Muscle was calculated by dividing muscle mass by body mass.
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The body mass index (BMI, BK: 26.9 & 1.3; FW: 31.1 £ 2.5) was calculated by dividing body
mass by the height squared.

2.3.2. Forty-Meter Sprint (40 m Sprint)

A phototube sensor (TAG Heuer) was used. Measurements were taken twice, and the
better time was used for the analysis.

2.3.3. Twelve-Minute Run (12 min Run)

The course was a 350 m tartan track, in which markers were placed at 5 m intervals. If
a runner stopped between markers at the end of the 12 min, the distance run was rounded
down to the last marker.

2.3.4. Repeated Sprinting Ability (RSA) Test

In our study, players underwent a high-intensity exercise protocol, running back and
forth at maximum speed for 30 s at various distances, including 5 m, 10 m, 15 m, 20 m, and
25 m. The exercise routine consisted of 5 sets, with each set separated by 30 s of rest (as
shown in Figure 1).
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Figure 1. The repeated sprint ability (RSA) test. RSA was defined as the total distance ran after 5 sets
of 30 s at maximum speed with 30 s of resting time.

Throughout the test, we recorded the total running distance covered by each player for
the entire duration of 30 s per set, summing up to a cumulative running time of 150 s over
the 5 sets. This approach allowed us to assess the players” performance under different
sprinting distances and observe any potential variations in their running capabilities across
these intervals.

By employing this structured exercise regimen and recording the total running distance
achieved by the players, we sought to gain insights into their speed, endurance, and
anaerobic capacity.

2.3.5. Lactate Measurement

To measure the blood lactate, 2 uL of blood was collected from the fingertips after
5 min of rest before and immediately after the RSA test and analyzed for blood lactate
using a Lactate Pro II (Arkray, Kyoto, Japan).

2.3.6. Countermovement Jump (CM]J)

A multi-jump tester (DKH Co., Ltd., Tokyo, Japan) was used to measure countermove-
ment jump. The subjects were asked to place their hands over the waist to control trunk
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movement. Then, a countermovement jump was performed twice, and the height was
measured each time. The highest value of the two tests was used for the analysis.

2.3.7. Bench Press

To measure upper body strength, a bench press maximum repetition was tested. The
test consisted in having the participants facing up on a bench, with both feet placed flat on
the floor in the supine position, and pushing a barbell with weight with both arms, with a
hands’ separation width on the bar such that the elbows were bent at right angles and the
upper arms were parallel to the bar. The maximum lift was measured.

2.3.8. Squat

To measure the leg strength, a squat maximum repetition was evaluated. The test
consisted in having the participants with the barbell resting on the rear of the deltoid
muscles of both shoulders behind the neck and the trapezius muscle lower the hips from
the upright posture (both knees fully extended) to the same height as the knees and then
return to the upright position. The maximum lift was measured.

2.3.9. Clean

To measure the participant’s power, a Clean maximum repetition was evaluated. The
test consisted in having the participants start in a squatting position, gripping the barbell
with hands wider than shoulder-width apart. With a swift pull, the participants were asked
to extend their hips, knees, and ankles, propelling the barbell upward while keeping it
close to the body. As the barbell reached its maximum height, the participants quickly
dropped into a front squat position and caught the barbell at shoulder level, simultaneously
transitioning from the pull to the catch phase. The maximum lift held steady for 3 s or more
was recorded.

2.3.10. Running Performance in a Match

To measure the running distances and velocities during a match, a GPS sensor (GP-
SPORT evo, GPSPORT; size: 63.6 mm x 43.7 mm x 18.5 mm, weight approx. 60 g, mea-
suring frequency 10 Hz) was attached to the upper back of worn vests to monitor running
performance during a match. The items measured by the GPS sensor were as follows.

Dist. (m): total distance run at all speeds.

Dist. Z1 (m): distance run at <5.4 km/h (low-intensity running).

Dist. Z23 (m): distance run at 5.5~17.9 km/h (medium-intensity running).
Dist. Z46 (m): distance run at >18.0 km/h <(high-intensity running).
Max speed (m/s): maximum speed during the match.

Acc. (frequency): number of events with accelerations > 2.5 m/s?.

It has been reported that the threshold of the velocity of high-speed running during
rugby matches is 5 m/s, i.e., 18 km/h. Therefore, we defined high-intensity running
(Dist. Z46) as over 18.0 km/h [14].

2.4. Statistics

An unpaired t-test was used to compare the physical characteristics, fitness, and
running performance during a rugby match between BKs and FWs. Pearson’s correlation
analysis was used for the correlations among physical characteristics, fitness, and running
ability during matches in BKs and FWs, respectively. For those items which showed a
significant correlation among physical characteristics, fitness, and running performance
during a match, a partial correlation analysis with physical characteristics (height and
weight, %Fat, %Muscle, and BMI) as an adjustment variable was performed to further
remove the influence of items that were considered to influence each other. Excel Statistics
2019 was used for the statistical analysis and statistical significance was set at p < 0.05.
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3. Results

To study and compare the physical fitness of back (BK) and forward (FW) rugby
players, sixty university rugby players were recruited. Eight players were excluded from
the analysis due to injuries sustained during the matches, resulting in a final sample size
of fifty-two individuals (twenty-three backs and twenty-nine forwards). The participants’
physical characteristics, fitness, and running ability in two matches were studied (Table 1).

Table 1. Comparison of physical characteristics and/or physical fitness and running ability dur-
ing the game between backs and forwards. BK: backs; FW: forwards; %Fat: percent body fat
(%); %Muscle: percent body muscle (%); BMI: body mass index; RSA: repeated sprint ability (m);
La: blood lactate (mmol/L); CMJ: countermovement jump (cm); Dist.: total distance run at all
speeds (m); Dist. Z1: distance run at <5.4 km/h (m); Dist. Z23: distance run at 5.5-17.9 km/h (m);
Dist. Z46: distance run at 18.0 km/h <(m); Max. speed (km/h): maximum run speed (km/h);
Acc.: the number of accelerations 2.5 m/s? <(times).

BK FW
Height (cm) 172.7 + 4.5 175.8 + 5.0*
Body mass (kg) 80.3 + 4.6 96.1 + 7.4
% Fat (%) 15.5 + 22 19.8 + 49
% Muscle (%) 80.2 + 2.1 754 + 3.1
BMI (kg/mz) 26.9 + 1.3 31.1 + 2.5 **
" RSA (m) T 6404 E 126 607.4 T 232
La before RSA (mmol/L) 1.1 + 0.2 1.2 + 0.2
La after RSA (mmol/L) 17.2 + 3.6 15.0 + 34
Ala 16.1 + 3.5 13.8 + 3.3
12 min. run (m) 2989.8 + 140.5 2750.3 + 171.3 **
40 m sprint (m) 5.41 + 0.13 5.71 + 0.3 **
CMJ (cm) 58.2 + 5.1 481 + 7.0 **
Squat (kg) 166.5 + 19.2 184.3 + 16.2 **
Bench press (kg) 110.9 + 13.4 119.5 + 10.7 *
Clean (kg) 96.1 + 12.1 102.5 + 12.0
Dist. (m) CTTTT7093.7 + 49717 6332.7 B
Dist.Z1 (m) 1990.9 + 237.4 1734.8 + 256.1 **
Dist.Z23 (m) 4226.0 + 518.9 4108.1 + 530.5
Dist.Z46 (m) 876.9 + 236.6 489.9 + 246.3 **
Max. speed (m/s) 8.06 + 0.49 7.25 + 0.6 **
Acc. (t) 30.7 + 10.2 19.8 + 10.9 **

Significantly different between BK and FW * p < 0.05, ** p < 0.01.

FW players showed significantly higher height, weight, %Fat, %Muscle, and BMI. BK
players showed significantly higher running ability such as in 40 m sprint, 12 min run,
RSA, and CM]. As supposed, muscle strength measured as the maximal value of squat and
bench press was significantly higher in FWs compared to BKs.

To quantify the physical performance during the two matches, the participants were
monitored with a GPS. Running velocities were recorded and classified into different
categories, where Dist. (m), the total distance run at all speeds; Dist. Z1 (m), the distance
run at <5.4 km/h (low-intensity running); Dist. Z23 (m), the distance run at 5.5~17.9 km/h
(medium-intensity running); Dist. Z46 (m), distance run at >18.0 km/h < (high-intensity
running); Max. speed (m/s), maximum speed during the match; Acc. (frequency), number
of events with accelerations > 2.5 m/s?>. Comparative analysis showed that all of the
measurements for the running ability during matches (Dist., Dist. Zi, Dist. Z46, Max. speed,
and Acc.) were significantly higher in BKs than in the FW participants (Table 1).

High-intensity running ability (Dist. Z46) is considered the most important running
parameter to determine performance during a rugby game. To identify which physical
characteristics and fitness factors reflect high-intensity running ability (Dist. Z46) during
matches, we conducted a correlation analysis among physical characteristics, physical
fitness, and running ability in matches. Correlation coefficients among measured items are
shown in Table 2 for BKs and in Table 3 for FWs.
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Table 2. Correlation coefficients between physical characteristics and/or physical fitness and run-
ning ability during game in backs. %Fat: percent body fat; %Muscle: percent body muscle; BMI:
body mass index; RSA: repeated sprint ability; La: blood lactate; CM]: countermovement jump;
Dist.: total distance run at all speeds; Dist. Z1: distance run at <5.4 km/h; Dist. Z2: distance run at
5.5-17.9 km/h; Dist. 46: distance run at <18.0 km/h; Max. speed: maximum run speed; Acc.: the
number of accelerations < 2.5 m/s?. Ameans the amount of changes in blood lactate before and after
the RSA test. * p < 0.05, ** p < 0.01.
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/s%.*p <0.05,* p <0.01.

Table 3. Correlation coefficients between physical characteristics and/or physical fitness and running

ability during game in forwards. %Fat: percent body fat; %Muscle: percent body muscle; BMI:
body mass index; RSA: repeated sprint ability; La: blood lactate; CM]: countermovement jump;
Dist.: total distance run at all speeds; Dist. Z1: distance run at <5.4 km/h; Dist. Z2: distance run at
5.5-17.9 km/h; Dist. 46: distance run at <18.0 km/h; Max. speed: maximum run speed; Acc.: the

number of accelerations < 2.5m
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For BKs, %Fat (r = —0.47, CI = —0.74 to 0.07), %Muscle (r = 0.46, CI = —0.73 to 0.06),
and RSA (r = 0.66, CI = 0.34 to 0.84) significantly correlated with Dist. Z46 in matches.
For FWs, body mass (r = —0.67, CI = —0.83 to —0.40), %Fat (r = —0.42, CI = —0.68 to
—0.06), %Muscle (r = 0.59, CI = 0.29 to 0.79), BMI (r = —0.62, CI = —0.80 to —0.32), RSA
(r=0.54, CI=0.22 to 0.76, Figure 2), 40 m sprint (r = —0.49, CI = —0.73 to —0.15, Figure 3),
CMJ (r =0.37, CI = 0.01 to 0.65), squat (r = —0.40, CI = —0.67 to —0.04), and bench press
(r = —0.52, CI = —0.75 to —0.19) significantly correlated with Dist. Z46 in matches. The
12 min run did not show a significant correlation with Dist. Z46 in either BK or FW groups

(Figure 4).
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Figure 2. Correlation between Dist. Z46 and repeated sprint ability (RSA).
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Figure 3. Correlation between Dist. Z46 and 40 m sprint.
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Figure 4. Correlation between Dist. Z46 and 12 min run.

To further understand the relationship between physical characteristics (height, weight,
%Fat, %Muscle, and BMI) and running performance in the match, partial correlation
analysis was used with physical characteristics as an adjustment variable. As a result, RSA
significantly correlated with Dist. Z46 in the match (r = 0.63, CI = 0.29 to 0.83) only in
BKs. In FWs, there was a significant correlation between RSA and the 12 min run (r = 0.51,
CI = 0.18 to 0.74) after the adjustment with physical characteristics.

4. Discussion

During an 80 min rugby match, players typically cover a distance of approximately
5to 7 km [3,4,6]. Notably, high-intensity running, involving sprints at speeds equal to or
exceeding 18.0 km/h, is predominantly observed during crucial moments of the game [5].
To delve into the relationship between physical characteristics, fitness factors, and high-
intensity running, as represented by Dist. Z46, we performed separate studies focusing on
backline (BK) and forward (FW) players. This division allowed us to consider their unique
physical differences, ensuring a comprehensive understanding of the factors influencing
high-intensity performance in rugby matches. By conducting these distinct investigations,
we aimed to gain valuable insights that can be applied to tailor training programs and
enhance the overall performance of both player groups on the rugby field.

4.1. For Backs

For BK players, we found a significant correlation between Dist. Z46 and %Fat and
%Muscle. As previously reported [15], higher weight, fat mass, and %Fat correlated
with lower endurance in rugby players. Additionally, lowering the %Fat enhances the
endurance capacity of rugby players [16]. Considering the effect of endurance factors on
the run distance covered in high-intensity running, our findings suggest that a lower %Fat
and a higher percentage of body muscle would benefit Dist. Z46 during a match. To further
understand the effects of physical characteristics (height and weight, %Fat, %Muscle, and
BMI) on running performance in the match, partial correlation analysis was used with
physical characteristics as an adjustment variable. As a result, RSA significantly correlated
with Dist. Z46 in the match (r = 0.63) in BKs. This shows that the ability for Dist. Z46
during a match is better reflected by RSA.

Regarding each physical fitness test, Dist. Z46 was found to correlate highly with
RSA. However, no correlations were found for the 12 min run or 40 m sprint. These results
suggest that high Dist. Z46 revealed the excellent capacity to repeat sprints (i.e., RSA) in BKs.
In addition, no correlation was found between Dist. Z46 and elevated blood lactate after the
RSA. The average change in blood lactate after the RSA test was 16.1 &= 3.5 mmol/L. The
RSA test involves repetitive sprint exercises that depend on glycolytic metabolic capacity.
Therefore, the proportion of blood lactate after the RSA test was expected to increase in
the subjects with better RSA. However, no correlations were found in the changes in blood
lactate and with 40 m sprint, RSA, Dist. Z46, or Max. speed. It is speculated that the lactate
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increases during sprinting and decreases during active recovery [17]. Players with high
Dist. Z46 have high sprint capacity in the match, thus lactate levels increase. On the other
hand, these players are also presumed to have high aerobic capacities and can therefore
remove lactate effectively [18,19]. The blood lactate level reflects the balance between the
production and removal of lactate in muscle cells. In other words, it is conceivable that
players with superior glycolytic and aerobic capacity also had superior Dist. Z46 during the
match because of their superior RSA. The lack of correlation between lactate accumulation
and RSA capacity suggests that other metabolic routes than lactate metabolism are key
players in the RSA test.

In examining the relationship between Dist. Z46 and other running performance
indexes during the match, we observed a significant correlation between Dist. Z46 and both
Dist. and Dist. Z1. These correlations suggest that the distance covered in high-intensity
running has an impact on the overall distance covered as well as on low-intensity running.
Our findings lead us to speculate that players with greater high-speed running capacity
also possess a solid foundation of endurance, as reflected in Dist. and Dist. Z1 during
the match.

Regarding muscle strength and power, our study did not find a significant correlation
with Dist. Z46 for BK players. This observation suggests that high-intensity running
may not be heavily influenced by these specific attributes in the context of BK gameplay.
However, it is essential to note that muscle strength and power still hold significant value
in the sport, especially when it comes to executing strong tackling maneuvers.

To comprehensively gauge the relevance of muscle strength and power in BK players,
it would be prudent to explore alternative ways of measuring field performance. Incorpo-
rating various performance metrics, such as agility, explosive movements, and tackling
efficiency, could provide a more holistic understanding of how muscle strength and power
impact BK players’ overall gameplay.

By integrating these additional performance indicators, coaches and sports scientists
can gain deeper insights into the multi-faceted aspects of BK players” physical capabilities.
This enhanced knowledge can then inform tailored training programs that address the
specific needs of each player, ultimately leading to improved on-field performance and
strategic advantage during competitive matches.

4.2. For Forwards

In FW players, the Dist. Z46 correlated with %Muscle (r = 0.55) and had anti-
correlations with the weight (r = —0.67), %Fat (r = —0.60), and BMI (r = —0.62). Oversize
is a limiting factor for the high-intensity running ability during a match. However, it is
particularly difficult for FWs to reconcile the opposing abilities of weight and high-intensity
running, as a high weight is essential for scrum and tackling. Ideally, the weight must be
high and body size must be large while maintaining a high-intensity running ability.

Moreover, our analysis revealed a significant correlation between Dist. Z46 and
RSA (r = 0.54), indicating that players with greater Dist. Z46 scores tend to exhibit better
repeated sprint ability. Additionally, we observed an intriguing anti-correlation between
Dist. Z46 and the 40 m sprint time (r = —0.49). This suggests that FW players, similar to
BK players, must possess not only high sprinting abilities but also substantial endurance
capacity, which becomes crucial for executing repeated sprints and covering longer total
running distances at high intensity during a match.

These findings underscore the multi-faceted nature of athletic performance in FW
players and emphasize the importance of developing both sprinting prowess and en-
durance capabilities to excel in their sport. Understanding these interrelated factors can aid
coaches and trainers in devising targeted training regimens to optimize the players’ overall
performance on the field.

Dist. Z46 also had a significant correlation with CMJ (r = 0.37), squat (r = —0.40) and
bench press (r = —0.52). The positive correlation with CMJ with Dist. Z46 was expected
because CM] reflects not only strength but also muscle contraction speed during muscle
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power production. In contrast, squats and bench presses reflect only muscle strength.
Therefore, squat and bench press correlated negatively with Dist. Z46. These findings
suggest that power is beneficial to sprinting but strength is not so important for Dist. Z46.

As squats and bench presses correlated negatively with Dist. Z46, high muscular
strength in rugby players may be detrimental to high-intensity running ability in a game.
However, high muscle strength is essential for a rugby player, and the interpretation of the
relationship between muscle strength and running ability in a match needs further analysis.

The main limitations of this study are the small number of subjects and the possibility
of in-game coincidences since the measurements were made during only two games. This
makes it difficult to generalize the results of this study.

5. Conclusions

In conclusion, the results of this study showed that physical characteristics such as
heavy weight and high %Fat have a negative correlation with running ability in both BKs
and FWs in games. Moreover, we find a strong correlation of RSA with Dist. Z46 in BK
and FW players, suggesting that RSA test performance is a relevant method to evaluate
physical capacity out of the field.

These results underscore the importance of using the RSA test as a reliable and
relevant method to assess players’ physical capacity beyond the confines of the field. By
incorporating such assessments, coaches and trainers can gain valuable insights into the
players’ overall fitness levels and tailor training programs accordingly, maximizing their
potential on the field. Ultimately, our study emphasizes the need to consider not only
technical skills but also physical attributes when striving for peak performance in sports.
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