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Abstract

Background: Rugby sevens demands distinct physical profiles across positions. This study
investigated anthropometric and physical fitness characteristics of Chinese national team
male rugby sevens players. Methods: Twenty-one players (forwards: n = 10, backs: n = 11)
completed anthropometric measurements, linear sprints (10 m, 40 m, 50 m, and 60 m),
agility tests (T-test, Illinois, 20 shuttle run), Wingate anaerobic test, Yo-Yo intermittent
recovery test level 2, goalpost shuttle run, vital capacity, and VO2peak. Players were split
into fast/slow groups by median 40 m time. Results: Forwards were significantly taller
(adjusted p = 0.0022, d = 2.78), heavier (adjusted p = 0.0073, d = 1.76), and had greater
muscle mass (adjusted p = 0.027, d = 1.47) with large effect sizes compared with backs.
Backs showed significantly better agility with large effect sizes (Illinois: adjusted p = 0.018,
d = 2.00). When players were classified into fast and slow sprint groups by median 40 m
time, the fast group exhibited significantly better 10 m (adjusted p = 0.04, d = −2.00), 50 m
(adjusted p = 0.017, d = −1.98), and 60 m (adjusted p = 0.017, d = −1.71) performance.
Conclusion: Playing positions in Chinese rugby sevens present significantly different body
size and agility profiles. When grouped by sprint speed, faster players possess superior
multi-distance sprinting capacities. Both positional and sprint capabilities should guide
training and selection.

Keywords: rugby sevens; national team players; position-specific; physical fitness; sprint
performance

1. Introduction
Rugby sevens is a team collision sport that integrates strength, speed, agility, and

endurance. Its fast tempo, high collision intensity, and frequent transitions between at-
tack and defense impose extremely high demands on sport-specific physical fitness [1].
Compared with rugby union fifteens, rugby sevens has a shorter match duration but a
higher exercise intensity per unit of time, requiring athletes to possess superior repeated
high-intensity exercise capacity and rapid recovery ability [2]. It also shows clear position-
specific characteristics. In a standard seven-player team, there are typically three forwards
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and four backs. Forwards are mainly responsible for scrummaging, physical collisions, and
advancing possession in contact situations, and therefore require high levels of absolute
strength and body-contact capacity. Backs, in contrast, play a central role in passing, line
breaks, counterattacks, and defensive transitions, placing greater demands on speed, agility,
and explosive power [3]. These position-specific functions determine the distinct anthropo-
metric and fitness characteristics of athletes in different playing positions. Previous studies
have shown that rugby players in different positions showed significant differences in
anthropometric characteristics and physical fitness [4,5], and that physical fitness charac-
teristics were strongly related to match performance [6]. Other studies have found that
fitness-test indicators could effectively predict high-intensity running performance in rugby
players, with acceleration capacity and anaerobic power identified as key indicators [7]. It
has been reported that the average running volume of rugby sevens players ranged from
86 to 120 m·min−1, with high-speed running distance ranging from 1 to 27 m·min−1 [8–11].
Compared with rugby union fifteens, relative running volume increases by approximately
45%, and high-speed running demand (>5 m·s−1) increases by approximately 135% among
rugby sevens [10]. At present, a relatively mature sport-specific fitness testing system has
been established in rugby, and methods such as the Wingate anaerobic test, Illinois Agility
Run, and Yo-Yo Intermittent Recovery Test are widely used for sport-specific fitness assess-
ment and monitoring [5,12–14]. However, research on position-specific physical fitness
characteristics in Chinese male rugby sevens players remains limited, and existing data
are insufficient to support the design and implementation of individualized sport-specific
conditioning programs in China.

In addition, the 40 m linear sprint is a core standardized test for assessing rugby-
specific speed. It reflects both starting acceleration and maximal sprinting speed, is closely
related to key technical and tactical behaviors such as line breaks, chase defense, coun-
terattacks, and wide-channel advancement, and is an important indicator for predicting
high-intensity running and competitive performance [5,7,15]. Nevertheless, the physical
fitness differences between sprinting fast and slow players in the 40 m sprint remain in-
adequately explored in the current literature. In elite sports science, performance-based
stratification (e.g., median-split classification) has been successfully employed within small
cohorts to identify subtle functional variations, such as distinguishing speed and agility
profiles in professional rugby players [16]. However, the extent to which 40 m sprint
capacity independently interacts with physical and physiological characteristics in rugby
sevens has not been fully explored, particularly among Chinese national-level players. To
address this, the present study adopted a dual-axis approach, grouping participants both
by playing position and by 40 m sprint performance, offering preliminary data to support
individualized training.

Therefore, this study was designed with two exploratory analysis aims: (1) to compare
anthropometric and physical fitness characteristics between forwards and backs, and
(2) to examine whether players with faster 40 m sprint times exhibit superior aerobic and
anaerobic fitness compared to slower sprinters. The hypotheses were that (a) forwards
would be taller, heavier, and have greater muscle mass and anaerobic power, whereas
backs would demonstrate better agility and shuttle-run performance; and (b) players in
the faster sprint group would show higher VO2peak, peak anaerobic power, and better
performance in agility and repeated-shuttle tests, reflecting a general association between
sprint speed and broader fitness capacity. Given the population-specific context of this
study, these hypotheses serve to guide our empirical comparisons, with the findings
positioned primarily as targeted, population-specific evidence for the elite Chinese national
rugby sevens team.

https://doi.org/10.3390/app16157529

https://doi.org/10.3390/app16157529


Appl. Sci. 2026, 16, 7529 3 of 14

2. Materials and Methods
2.1. Study Design

Twenty-one male Chinese rugby sevens players aged 17–25 years (age: 21.6 ± 2.6 years;
height: 181.8 ± 6.6 cm; body mass: 82.5 ± 8.3 kg) volunteered to participate in this cross-
sectional observational study. Testing was conducted during the preseason period (Tianjin,
China, 2024). Participants were classified by playing position as forwards (n = 10) or backs
(n = 11), with a mean rugby playing experience of 4.8 ± 2.6 years.

Anthropometric and physical performance data were collected from all the partici-
pants. The participants were instructed to maintain their usual diet during the testing week
and to avoid alcohol and stimulants, including caffeine, for 24 h before each test. Before
testing, the participants had not performed any training and had emptied their bowels
and bladder. All assessments were completed over three testing days: anthropometric
measurements and sprint testing were conducted in the morning; the remaining physical
performance tests were conducted in the afternoon; and vital capacity was assessed in
the evening. The complete testing schedule is presented in Figure 1. All tests were ad-
ministered by two professional strength and conditioning testing specialists, each with
more than 5 years of experience. Tests were conducted on separate days, with at least 24 h
between testing sessions. Before each test, athletes completed a standardized warm-up
consisting of a general warm-up (10 min of moderate-paced running followed by 3 min of
active lower-limb stretching or dynamic stretching) and a test-specific warm-up involving
maximal-effort practice trials of the relevant movement. Anthropometric measurements,
vital capacity testing, and maximal oxygen uptake testing were performed in an indoor
laboratory, whereas all other tests were conducted on a standard outdoor athletics track.
Verbal encouragement was provided during the maximal oxygen uptake (VO2peak) test,
the Wingate Anaerobic Test, and the Yo-Yo Intermittent Recovery Test Level 2 (YYIR2).

Figure 1. Experiment protocol.

2.1.1. Day 1

1. Anthropometric Assessment

Anthropometric measurements were performed 2 h after a meal, between 09:30 and
10:00. Body height (BH) was measured using a portable stadiometer (Hengkang, Sanmen,
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China) to the nearest 0.1 cm, and body mass (BM) was measured to the nearest 0.1 kg. Body
composition variables, including body mass and muscle mass, were assessed using an
InBody multifrequency bioelectrical impedance analyzer (Biospace Co., Seoul, Republic
of Korea), with a reported intraclass correlation coefficient of ≥0.98 [17]. If the difference
between the first two measurements exceeded 5%, a third measurement was taken.

2. Linear Sprint Test

After anthropometric assessment, sprint testing began at 10:30. Testing was conducted
on the synthetic track of an outdoor athletics field. Athletes completed two linear sprint
trials over 10, 40, 50, and 60 m. For repeated trials at the same distance, the rest interval was
40 s for the 10 m sprint, 2 min for both the 40 m and 50 m sprints, and 2.5 min for the 60 m
sprint. Between different distance tests, the rest interval was 1.5 min when changing from
10 to 40 m and 2.5 min when changing from 40 to 50 m and from 50 to 60 m, to minimize
accumulated fatigue. All athletes wore athletic shoes and completed all sprint trials on the
same day.

Sprint times were recorded using a photoelectric timing system (SmartSpeed Pro,
Fusion Sport, Brisbane, QLD, Australia), with timing gates positioned at the start line and
at 10, 40, 50, and 60 m. The best performance at each distance was recorded as the final test
result, and verbal encouragement was provided to motivate maximal effort. These distances
were selected to assess initial sprint acceleration and maximal sprint-speed capacity [18].
The 40 m sprint time was used in subsequent analyses.

Each sprint began from a standing start, with the front foot placed behind the start line
and 0.5 m behind the first timing gate. A marker was placed 5 m beyond the finish line, and
athletes were instructed not to decelerate before passing this marker, ensuring maximal
speed was maintained throughout the test. The warm-up included 15 min of joint mobility
exercises, light jogging, progressive acceleration runs, and change-of-direction running.
Participants were also instructed to avoid strenuous exercise on the day before testing
and to finish their last meal at least 3 h before the scheduled test time. It should be noted
that the rest intervals employed in this protocol were shorter than the 3–5 min typically
recommended for near-complete phosphocreatine (PCr) restoration [19]. However, these
intervals were selected to balance the need for maximal performance with the practical
constraints of field-based testing, and the potential for residual fatigue should be considered
when interpreting the sprint results.

3. T-Test

Following the linear sprint test, athletes rested for 10 min before completing the T-test.
The T-test was used to assess agility during rapid change-of-direction movement on an
outdoor athletics field [20]. Participants stood with both feet behind the starting line at
cone A. They first sprinted forward to cone B and touched its base with the right hand.
They then shuffled laterally to the left to cone C while keeping the body facing forward
and avoiding leg crossing, touching its base with the left hand. Next, they shuffled to the
right to cone D and touched its base with the right hand, then shuffled left back to cone B
and touched its base again. Finally, they backpedaled as quickly as possible to the starting
line at cone A (Figure 2). This modified test has demonstrated good reliability, with an
intraclass correlation coefficient greater than 0.90 [21]. Each participant completed two
trials, and the best performance was recorded using the photoelectric timing-gate system
(SmartSpeed Pro, Fusion Sport, Brisbane, QLD, Australia).
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Figure 2. Schematic diagram of the T-test course.

4. Illinois Agility Run

After the T-test, athletes rested for 10 min before completing the Illinois Agility Run,
which was used as an additional assessment of agility (Figure 3). The Illinois Agility Run
was conducted on a flat, non-slip surface over a standard course measuring 10 m in length
and 5 m in width, with eight cones arranged as follows: four marking the start, finish, and
two turning points, and the remaining four placed along the center line at 3.3 m intervals.
The participant began lying face down at the start cone, with the head facing the start line
and hands by the shoulders. Upon the “Go” command, the participant rose and sprinted
10 m forward to the first turning point, turned and ran 10 m back to the start area, then
negotiated the slalom course by weaving through the four central cones (spaced 3.3 m
apart) in the designated order, before weaving back through the same cones and finally
sprinting 10 m forward to the finish line. Completion time was recorded using a handheld
stopwatch to the nearest 0.01 s. Each participant completed two trials, and the best result
was used as the agility score. The intraclass correlation coefficient for this test is 0.86, with
a typical error of measurement of 2.02%, indicating acceptable test-retest reliability [22].

Figure 3. Schematic diagram of the Illinois Agility Run course.

5. 20 m Shuttle Run

After the Illinois Agility Run, athletes rested for 10 min before completing the 20 m
shuttle run test. Participants were required to run back and forth over a 20 m distance in
synchrony with a series of auditory signals from an audio recording. The frequency of the
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auditory signals, and therefore running speed, increased every minute until participants
voluntarily terminated the test because of fatigue [23].

6. Wingate Anaerobic Test

After all morning tests had been completed, the Wingate Anaerobic Test (WAnT) was
performed at 15:30. The WAnT is widely accepted as a reliable (r = 0.84–0.88) and valid
(r = 0.94–0.98) method for assessing anaerobic capacity and power output [24]. The test
protocol followed the procedures described by Inbar et al. [24]. The WAnT lasted 30 s and
was completed as a single uninterrupted bout on a cycle ergometer, with only one valid
trial collected and no rest pauses during the test. Once the participant maintained a stable
pedaling cadence, a countdown was initiated, and the braking load was applied to indicate
the start of the test. Participants’ feet were secured to the pedals with toe straps, and they
were instructed to sprint maximally from the start and not to deliberately pace themselves
during the test. Based on the test results, peak power, relative peak power, mean power,
relative mean power, total work, relative total work, and fatigue index were calculated for
each participant. The Wingate test has demonstrated good to excellent test-retest reliability
in athletic populations, with intraclass correlation coefficients (ICC) consistently exceeding
0.90 for peak power and mean power outputs [25,26].

7. Vital Capacity

At 19:00 on the same day, vital capacity was measured using a spirometer (Kaifuli,
Changzhou, Jiangsu, China). The participants first inhaled deeply and then exhaled slowly
through the mouthpiece until no further air could be expelled. Each participant completed
three trials, and the highest value was recorded. Vital capacity was expressed in milliliters
(mL) and recorded to the nearest whole number.

2.1.2. Day 2

1. Peak Oxygen Uptake

At 15:30, peak oxygen uptake (VO2peak) was assessed using a motorized treadmill
(h/p/cosmos pulsar 3p, Nussdorf-Traunstein, Germany) with a standard incremental pro-
tocol. The test began at 6 km·h−1 with a 0% grade; speed was increased by 1 km·h−1 every
2 min (6, 7, 8, 9, and 10 km·h−1) with grade fixed at 0%, after which grade was increased by
2% every 2 min at a constant speed of 10 km·h−1 until volitional exhaustion. Pulmonary gas
exchange was measured breath-by-breath using a Cortex metabolic measurement system
with a compatible face mask, and heart rate was continuously recorded via a heart-rate
monitor. Gas samples were analyzed via a sampling line after passing through a heated
tube and mixing chamber, with the system continuously monitoring oxygen uptake (VO2),
carbon dioxide output (VCO2), ventilation (VE), and respiratory exchange ratio (RER). Data
were recorded as 15 s averages, and the highest 15 s average was taken as VO2peak, ex-
pressed in both absolute (mL·min−1) and relative (mL·kg−1·min−1) terms. To confirm that
a true maximal effort was achieved, the following established criteria were applied: (1) a
plateau in VO2 (increase < 150 mL·min−1) despite an increase in workload, (2) RER ≥ 1.10,
and (3) heart rate ≥ 95% of age-predicted maximum (220-age). All participants met at
least two of these criteria, confirming that the VO2peak values obtained represented a
true maximal effort. The protocol has demonstrated good test-retest reliability in athletic
populations, as evidenced by correlation coefficients for VO2 ranging from r = 0.82 to 0.88,
with mean differences in VO2peak values of less than 1.4 mL/kg/min between repeated
tests [27].
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2.1.3. Day 3

1. Goalpost Shuttle Run

At 15:30, the participants completed a maximal-effort shuttle run around two rugby
goalposts, consisting of two round trips. The distance between the two goalposts was 100 m,
and the width between the two uprights of each goalpost was 5.6 m. Each athlete completed
one trial, starting from a standing position and wearing rugby boots. The total completion
time was recorded. A single trial was utilized for the goalpost shuttle run due to its
high physiological demand (total distance of ~200 m with 180◦ turn). To prevent excessive
neuromuscular fatigue that could compromise subsequent fitness testing, repeated maximal
efforts were avoided. To lower the risk of submaximal effort or procedural errors during
this single trial, all participants underwent a standardized familiarization session prior to
testing, and received continuous, standardized verbal encouragement throughout the trial.

2. Yo-Yo Intermittent Recovery Test Level 2

After the goalpost shuttle run, the participants rested for 10 min before completing the
YYIR2 [28]. The test consisted of repeated 20 shuttle runs, with each running bout followed
by a 10-s active recovery period. Running speed was controlled by audio beeps from a
recording and increased progressively. The test was terminated when a participant failed to
reach the finish line in time on two consecutive occasions, and the total distance completed
was recorded as the test result. Testing was conducted on outdoor artificial turf on a 2-wide,
20-long running lane marked with cones at both ends, and participants wore soccer boots.

2.2. Statistical Analysis

All data were analyzed using SPSS 25.0 (SPSS Inc., Chicago, IL, USA). The Shapiro-Wilk
test was first used to examine data normality, and all collected variables were confirmed
to be normally distributed. Participant characteristics are presented as mean ± standard
deviation (M ± SD). Independent-samples t tests were used to compare differences be-
tween forwards and backs and between the fast and slow groups. For further analysis
of the differences in physical fitness among the participants with differences in sprinting
performance, medians with interquartile range (IQR) were adopted for the 40 m sprinting
speed. The actual median value of the 40 sprint times for our 21 elite players was exactly
5.40 s (range: 4.92–5.83 s; mean ± SD = 5.38 ± 0.25 s). The players were categorized as the
<5.4 s group and the ≥5.4 s group according to the distribution. To control for the increased
risk of Type I error due to multiple comparisons, Bonferroni correction was applied to all
independent-samples t-tests. Cohen’s d effect sizes were calculated and were interpreted us-
ing descriptors for magnitudes of d as 0.2–0.5 = small, 0.5–0.8 = moderate, and >0.8 = large,
respectively. Normality of continuous variables was assessed using the Shapiro-Wilk test.
All variables satisfied the assumption of normal distribution (W-values ranged from 0.93
to 0.97, all *p* > 0.05; skewness and kurtosis values were within acceptable limits, with
|skewness| < 1 and |kurtosis| < 2). Consequently, independent-samples *t*-tests were
used for between-group comparisons. Statistical significance was set at p < 0.05.

3. Results
As shown in Table 1, forwards were significantly taller than backs (187.6 ± 3.6 cm vs.

177.0 ± 4.0 cm, adjusted p = 0.0022, Cohen’s d = 2.78) and had significantly greater body
mass (88.3 ± 6.2 kg vs. 77.3 ± 6.3 kg, adjusted p = 0.0073, Cohen’s d = 1.76).

Table 2 presents the comparison of physical performance variables. Forwards showed
significantly greater muscle mass (71.8 ± 4.8 kg vs. 64.2 ± 5.5 kg, adjusted p = 0.027,
Cohen’s d = 1.47) compared with backs. Backs performed significantly better in the Illinois
Agility Run (14.0 ± 0.4 s vs. 14.8 ± 0.4 s, p = 0.018, Cohen’s d = 2.00) than forwards.
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Table 1. Anthropometric characteristics by playing position.

Variable Forwards
(n = 10)

Backs
(n = 11) p Value FDR-Adjusted

p Value Cohen’s d 95% CI

Age (years) 22.2 ± 2.7 21.1 ± 2.5 0.343 0.6860 0.42 [−0.44, 1.29]
Training

experience (years) 5.2 ± 2.8 4.4 ± 2.5 0.506 0.7531 0.30 [−0.56, 1.16]

Height (cm) 187.6 ± 3.6 177.0 ± 4.0 <0.001 ** 0.0022 ** 2.78 [1.58, 3.98]
Body mass (kg) 88.3 ± 6.2 77.3 ± 6.3 0.001 ** 0.0073 ** 1.76 [0.75, 2.77]
BMI (kg/m2) 25.1 ± 1.7 24.7 ± 2.2 0.644 0.7998 0.20 [−0.66, 1.06]

BMI: body mass index, calculated by weight and height. ** p-value < 0.01 indicates a statistically significant
difference between two groups. Values are mean ± SD.

Table 2. Physical fitness characteristics by playing position.

Variable Forwards
(n = 10)

Backs
(n = 11) p Value FDR-Adjusted

p Value Cohen’s d 95% CI

VO2peak (mL/min) 4416.6 ± 440.9 4580.6 ± 960.5 0.618 0.766 −0.22 [−1.08, 0.64]
Relative VO2peak

(mL/kg/min) 50.2 ± 5.8 59.6 ± 13.8 0.057 0.205 −0.87 [−1.77,0.02]

Peak anaerobic power (W) 1140.0 ± 147.6 1141.2 ± 242.8 0.988 0.988 −0.01 [−0.86, 0.85]
Mean anaerobic power (W) 778.7 ± 32.9 710.7 ± 86.8 0.031 * 0.140 1.02 [0.11, 1.93]
Minimum anaerobic power

(W) 413.6 ± 101.5 389.0 ± 133.5 0.638 0.766 0.21 [−0.65, 1.06]

Anaerobic power decrement
(%) 63.4 ± 9.6 65.3 ± 13.0 0.712 0.801 −0.17 [−1.02, 0.69]

Vital capacity (mL) 5350.6 ± 725.9 4724.5 ± 764.2 0.070 0.210 0.84 [−0.05, 1.73]
Muscle mass (kg) 71.8 ± 4.8 64.2 ± 5.5 0.003 ** 0.027 * 1.47 [0.50, 2.43]

Goalpost shuttle run (s) 27.4 ± 2.0 28.4 ± 2.2 0.303 0.606 −0.47 [−1.34, 0.39]
Vital capacity/height

(mL/cm) 28.5 ± 3.6 27.1 ± 4.6 0.445 0.683 0.34 [−0.53, 1.20]

10 m (s) 1.8 ± 0.1 1.8 ± 0.1 0.576 0.766 0.00 [−0.86, 0.86]
40 m (s) 5.4 ± 0.3 5.3 ± 0.2 0.259 0.583 0.40 [−0.47, 1.26]
50 m (s) 6.6 ± 0.3 6.4 ± 0.3 0.355 0.639 0.67 [−0.21, 1.55]
60 m (s) 7.8 ± 0.4 7.6 ± 0.5 0.455 0.683 0.44 [−0.43, 1.31]

YYIR2 (s) 2434.0 ± 666.3 2418.2 ± 708.2 0.958 0.988 0.02 [−0.83, 0.88]
20 shuttle run (s) 21.2 ± 0.3 20.7 ± 0.5 0.016 * 0.096 1.20 [0.27, 2.13]

T-test (s) 9.0 ± 0.3 8.8 ± 0.3 0.164 0.442 0.67 [−0.21, 1.55]
Illinois Agility Run (s) 14.8 ± 0.4 14.0 ± 0.4 <0.001 ** 0.018 * 2.00 [0.95, 3.05]

VO2peak: peak oxygen uptake, * p-value < 0.05, ** p-value < 0.01, indicates a statistically significant difference
between two groups. Values are mean ± SD.

As shown in Table 3, no significant anthropometric differences were observed between
the fast and slow sprint groups classified by 40 sprint time (fast < 5.4 s, slow ≥ 5.4 s).

Table 3. Anthropometric characteristics by 40 sprint performance.

Variable Fast (n = 10) Slow (n = 11) p Value FDR-Adjusted
p Value Cohen’s d 95% CI

Age (years) 22.3 ± 2.1 21.0 ± 3.0 0.256 0.378 0.50 [−0.39, 1.39]
Training

experience (years) 5.2 ± 2.6 4.5 ± 2.7 0.555 0.555 0.26 [−0.61, 1.14]

Height (cm) 180.3 ± 6.7 183.6 ± 6.4 0.259 0.378 −0.50 [−1.39, 0.39]
Body mass (kg) 80.8 ± 8.2 84.1 ± 8.5 0.378 0.378 −0.39 [−1.27, 0.49]
BMI (kg/m2) 24.8 ± 1.5 24.9 ± 2.4 0.879 0.879 −0.05 [−0.92, 0.82]

BMI: body mass index, calculated by weight and height. Values are mean ± SD.
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After adjusting p-values, Table 4 shows that no significant differences in physical
fitness characteristics remained between the fast and slow groups. However, VO2peak
(adjusted p = 0.082), relative VO2peak (adjusted p = 0.082), and peak anaerobic power
(adjusted p = 0.082) showed a trend towards significant differences between the fast and
slow groups.

Table 4. Physical fitness characteristics by 40 sprint performance group.

Variable Fast (n = 10) Slow (n = 11) p Value FDR-Adjusted
p-Value Cohen’s d 95% CI

VO2peak (mL/min) 4843.0 ± 787.0 4193.0 ± 577.0 0.048 * 0.082 0.95 [0.05, 1.85]
Relative VO2peak

(mL/kg/min) 61.0 ± 14.0 49.9 ± 5.2 0.037 * 0.082 1.07 [0.16,1.99]

Peak anaerobic
power (W) 1232.2 ± 202.9 1057.4 ± 161.3 0.044 * 0.082 0.96 [0.06, 1.86]

Mean anaerobic
power (W) 743.2 ± 51.0 743.0 ± 92.7 0.995 0.999 0.03 [−0.85, 0.86]

Minimum anaerobic
power (W) 435.4 ± 86.6 369.2 ± 135.6 0.196 0.278 0.57 [−0.30, 1.45]

Anaerobic power
decrement (%) 63.2 ± 11.5 65.4 ± 11.4 0.665 0.808 −0.19 [−1.05, 0.67]

Vital capacity (mL) 5161.0 ± 585.3 4897.0 ± 958.5 0.452 0.591 0.33 [−0.53, 1.19]
Muscle mass (kg) 67.2 ± 6.2 68.0 ± 6.9 0.945 0.999 −0.12 [−0.98, 0.74]

Vital capacity/height
(mL/cm) 29.2 ± 3.0 26.5 ± 4.7 0.134 0.228 0.68 [−0.20, 1.56]

VO2peak: peak oxygen uptake, * p-value < 0.05 indicates a statistically significant difference between two groups.
Values are mean ± SD.

Table 5 shows the results of running and agility performance by 40 m sprint per-
formance. In the linear sprint tests, the fast group showed significantly better in 10 m
(1.7 ± 0.1 s vs. 1.9 ± 0.1 s, p = 0.040, Cohen’s d = −2.00), 50 m (6.2 ± 0.3 s vs. 6.7 ± 0.2 s,
p = 0.017, Cohen’s d = −1.98), and 60 m (7.4 ± 0.4 s vs. 8.0 ± 0.3 s, p = 0.017, Cohen’s
d = −1.71) than the slow group. Goalpost shuttle run (adjusted p = 0.057), 20 shuttle run
(adjusted p = 0.082), and T-test (adjusted p = 0.057) showed a trend towards significant
differences between the fast and slow groups.

Table 5. Running and agility performance by 40 sprint performance group.

Variable Fast (n = 10) Slow (n = 11) p Value FDR-Adjusted
p Value Cohen’s d 95% CI

Goalpost
shuttle run (s) 26.8 ± 1.8 28.9 ± 1.9 0.017 * 0.057 −1.13 [−2.06, −0.21]

10 m (s) 1.7 ± 0.1 1.9 ± 0.1 0.007 ** 0.040 * −2.00 [−3.05, −0.95]
50 m (s) 6.2 ± 0.3 6.7 ± 0.2 <0.001 ** 0.017 * −1.98 [−3.03, −0.94]
60 m (s) 7.4 ± 0.4 8.0 ± 0.3 0.002 ** 0.017 * −1.71 [−2.71, −0.71]

YYIR2 (m) 2426.0 ± 786.3 2425.5 ± 587.1 0.999 0.999 0.00 [−0.86, 0.86]
20 shuttle run

(s) 20.7 ± 0.4 21.2 ± 0.5 0.033 * 0.082 −1.10 [−2.02, −0.18]

T-test (s) 8.7 ± 0.3 9.0 ± 0.3 0.016 * 0.057 −1.00 [−1.91, −0.09]
Illinois Agility

Run (s) 14.2 ± 0.6 14.5 ± 0.6 0.146 0.228 −0.50 [−1.37, 0.37]

* p-value < 0.05, ** p-value < 0.01, indicates a statistically significant difference between two groups. Values are
mean ± SD.

4. Discussion
This study investigated differences in the physical fitness characteristics among Chi-

nese national-team male rugby sevens players by position and sprint performance. The
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findings were as follows: (1) significant differences between forwards and backs in height,
body mass, muscle mass, and agility; (2) the fast group performed significantly better than
the slow group in multi-distance linear sprint speed performance.

In this study, forwards were significantly taller and heavier than backs, which is
consistent with previous studies on position-specific physical characteristics in international
high-level rugby sevens players [4,5]. Studies on the German national rugby sevens team
showed that forwards had a height of 184.01 ± 7.61 cm and a body mass of 91.72 ± 8.06 kg,
whereas backs had a height of 173.29 ± 4.20 cm and a body mass of 79.28 ± 3.31 kg [4]. An
Australian rugby sevens study reported that forwards and backs had an average height
of 183.00 ± 6.00 cm and an average body mass of 89.7 ± 7.6 kg [5]. In the present study,
forwards had a height of 187.6 ± 3.6 cm and a body mass of 88.3 ± 6.2 kg, whereas
backs had a height of 177.0 ± 4.0 cm and a body mass of 77.3 ± 6.3 kg. Compared with
international high-level athletes, the Chinese players in this study were slightly taller and
slightly lighter on average in both forward and back positions.

The height and body-mass advantages of forwards are closely matched to their match
responsibilities. In rugby sevens, forwards frequently perform tackles, defensive contests
for possession, and ball-carrying collisions. Greater height and body mass can improve
stability and contact capacity during physical collisions and are suited to the demands
of high-intensity body contact and set-piece contests [3]. Backs, in contrast, are mainly
responsible for ball carrying, passing organization, and attacking completion, and therefore
place greater emphasis on mobility and movement efficiency; consequently, they tend to
show lower height and body-mass values [6]. In the present study, forwards also had
significantly greater muscle mass than backs (71.8 ± 4.8 kg vs. 64.2 ± 5.5 kg, p = 0.003),
suggesting that forwards possessed a stronger physical basis for contact and a greater
potential for force production. The body composition of the forward group appeared
to be well controlled, as higher body mass did not seem to negatively affect movement
ability. This is consistent with the ideal morphological profile of rugby sevens players,
characterized by greater stature and higher body mass [5]. Muscle mass, which was
significantly greater in forwards, is a key factor influencing sport-specific qualities such
as strength, power, speed, and endurance. A tall body type with moderately high body
mass and greater muscle reserve reflects strong contact capacity and is well matched to
the sport-specific demands of high-intensity collisions and sustained high-speed repeated
running. However, it is important to note that body fat percentage was not assessed
in the present study. Although previous research has suggested that lower body-fat
percentage is favorable for rugby sevens performance [5,9], we were unable to examine this
relationship in our cohort. Future studies should include body fat percentage measurement
using criterion methods (e.g., DXA or hydrostatic weighing) to provide a more complete
characterization of body composition in Chinese rugby sevens players.

Anaerobic power is a core indicator of the ability to generate power during short-
duration, high-intensity exercise. Higher anaerobic power indicates better explosive accel-
eration and instantaneous response capacity during match play. In this study, no significant
differences in anaerobic power between the forwards and backs remained after adjusting
p-values. Notably, the backs exhibited a 2.6-fold higher variance in mean anaerobic power
than the forward group (SD: 32.9 W vs. 86.8 W). This pronounced heterogeneity likely
reflects the diverse tactical sub-roles collapsed within the binary ‘backs’ classification in
rugby sevens (e.g., explosive, high-speed wings/centres vs. playmaking halfbacks with
different metabolic profiles). In contrast, the highly homogeneous profile of forwards
aligns with their consistent, high-intensity set-piece and collision demands. While sample
size limitations precluded statistical stratification of these sub-positions, this positional
heterogeneity warrants more granular investigation in future research.
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In rugby sevens, backs sprint more frequently and have greater demands for speed
and agility [4]. This study showed that backs performed significantly better than forwards
in the Illinois Agility Run, indicating superior change-of-direction agility and repeated
shuttle-running ability. This is highly consistent with the tactical demands placed on
backs, who must frequently link rapid changes of direction with sprinting actions during
match play [29]. Backs are primarily responsible for creating attacking opportunities and
finishing attacks. They repeatedly perform rapid direction changes, sudden stops and
starts, and short-distance sprints, which require higher levels of neuromuscular control
and lower-limb explosive power; consequently, they show better agility performance [29].
Some studies did not identify position-specific fitness differences among rugby sevens
players, which may be related to the competitive level of the participants, the stage of sport
development, or the choice of testing indicators [22,30]. The use of national-team level
athletes in the present study may have contributed to the detection of position-specific
differences, whereas studies with different participant levels or testing protocols may not
have observed such distinctions. However, this interpretation remains speculative and
requires confirmation in future research with diverse samples and standardized procedures.
At the same time, the speed differences between the two position groups did not reach
the expected level, suggesting that some degree of homogenization may still exist in the
training of Chinese rugby sevens players and that speed and explosive-power training for
backs requires further improvement. Combined with findings from other invasion and
collision sports, speed performance is closely associated with neuromuscular control and
lower-limb explosive power. Therefore, backs should strengthen speed-power training
such as depth jumps and resisted sprints, whereas forwards should improve movement
efficiency and change-of-direction agility while maintaining their strength and anaerobic
advantages, thereby achieving more position-specific physical development [31].

Sprint time and maximal-speed characteristics show a linear trend, and the absolute
differences increase as sprint distance increases [32]. Sprint acceleration fundamentally
requires athletes to produce and apply substantial horizontal external force, and this me-
chanical capacity can be quantified using force-velocity profiling [33]. In this study, the
significant advantage of the fast group over 10 m indicates that these athletes had higher
explosive-power levels, faster neuromuscular response speed, and more efficient applica-
tion of ground force. This advantage is directly related to starting speed, contesting posses-
sion, and escaping defenders during match play. Classification based on total 40 sprint time
essentially reflects the combined contribution of acceleration capacity and maximal-speed
capacity. The fast group not only accelerated more rapidly at the start, but also showed
greater speed gain and a higher peak-speed level during the key transition from acceler-
ation to maximal speed [34]. Although not directly assessed in this study, force-velocity
profiling has shown that sprint performance differences are not determined solely by either
acceleration or maximal speed, but rather by the trade-off between force-production and
velocity-production capacities [32]. In this study, the ability of the fast group to maintain
its advantage at 50 m and 60 m may be associated with a lower force-velocity slope in
its force-velocity profile or with a higher theoretical maximal velocity. These hypotheses
warrant testing in future studies that include direct force-velocity measurements.

5. Limitations
Several methodological limitations should be acknowledged. First, this study is the

cross-section design with a small sample size (n = 21), which precludes causal inferences.
The sample size was determined by the availability of national team players rather than by a
priori power analysis. Although multiple-comparison correction and effect sizes enhanced
statistical rigor, our analyses remain primarily descriptive. While multivariate approaches
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(e.g., regression) could better elucidate variable relationships, they were unfeasible for our
cohort due to statistical power constraints and overfitting risks; future studies with larger
cohorts should employ such comprehensive models. Moreover, the sample comprised
players from a single national team assessed during one preseason period; therefore, the
findings reflect a specific temporal and competitive context and may not be generalizable
to other teams, training phases, or competitive levels. Second, the median-dichotomization
of 40 sprint times, although convenient for group comparison and practical interpretation,
discards continuous information and lowers analytical sensitivity; treating sprint perfor-
mance as a continuous variable would have been more informative. Third, the Goalpost
Shuttle Run is not a standardized fitness test that is widely used internationally, and there
is insufficient literature supporting its reliability and validity. This may limit the direct com-
parability of our findings with those of other comparable external studies. Fourth, while the
short rest intervals in our studies (40 s for 10 m, 2 min for 40/50 m, 2.5 min for 60 m) were
shorter than the 3–5 min typically required for complete phosphocreatine resynthesis [19],
they were practically selected to maintain physiological arousal (preventing cooling down)
under field-testing conditions. Nonetheless, the potential influence of incomplete metabolic
recovery on subsequent sprint performances should be acknowledged as a limitation. Fifth,
vital capacity was tested at 19:00, approximately 3.5 h after the Wingate anaerobic test
(performed at 15:30 on Day 1). It is acknowledged that the scheduling of vital capacity
testing following maximal anaerobic exertion may have introduced a potential confound, as
high-intensity exercise can induce transient reductions in respiratory muscle performance.
Finally, environmental conditions (temperature, humidity, wind speed) during outdoor
testing were not recorded; these factors may have influenced sprint, agility, and shuttle-run
performance, particularly given the outdoor setting.

6. Conclusions
Chinese national-team male rugby sevens forwards showed significantly taller, heavier,

and greater muscle mass, while backs showed significantly better agility running perfor-
mance. When grouped by sprint speed, faster players possess superior multi-distance
sprinting capacities. These preliminary observations, derived from a small-sample cross-
sectional design, should be interpreted as cohort-specific rather than generalizable. Future
studies with larger and more diverse samples are needed to inform broader talent identifi-
cation and training recommendations.
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