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ABSTRACT

BACKGROUND: This study determined the influence of playing standard, age, and position
on the horizontal force-velocity (FV) properties of rugby league players, and the association
with other characteristics.

METHODS: This observational study used a cross-sectional design with a range of physical
characteristics recorded from 132 players from 5 Super League clubs. Sprint data was used to
derived theoretical maximal force (Fo) and velocity (Vo), power (Pmax), maximal rate of force
(RFmax) and the rate of decrease in RFmax (DrF). Differences between playing standard, age
groups and playing positions were determined (P value and standardised mean difference
(SMD) along with correlational analysis to assess the relationship between FV properties and
key physical characteristics.

RESULTS: Senior players reported lower split time (SMD = -0.26--0.59, P =0.002-0.017),
absolute Fo, Pmax and Vo (SMD = 0.47-0.78, P <0.001-0.010). Players aged <21 years reported
higher split times and lower absolute Fo compared to 21-26 years (SMD = -0.84--0.56, P
<0.001-0.04) and a lower Vo than >26 years (SMD = -0.40, P=0.002). Hit-up forwards were
slower than outside backs (SMD = -0.30--0.89, P <0.001-0.042), though produced the highest
absolute Fo and Pmax. Split times Fo, Vo, Pmax and RFmax were associated with change of
direction and countermovement jump performance, whilst FViope and Drr were associated with
countermovement jump performance. Fo and Pmax were associated with medicine ball throw
distance (» = 0.302-0371, P = <0.001). There was no association with prone Yo-Yo IR1
distance (r =-0.16-0.09, P =0.060-0.615).

CONCLUSIONS: These results provide insight into the horizontal FV properties with
reference to key sub-groups, and highlights several associations with other characteristics

across large sample of rugby league players. The result of this study should be used when



interpreting the sprint ability of rugby league players, planning the long-term development of
youth players, and inform programme design for all.

Keywords: Sprint mechanics; collision sport; power; team sport; training implications.



Introduction

Rugby league match-play requires players to perform 35 + 2 maximal accelerations and
sprints,! with many occurring in combination with sport-specific actions (e.g. passing) during
crucial passages of play such as scoring or conceding a try.2 Sprint performance is also
important given its association with final league position in rugby league® as well as potential
moderating effect for injury risk.* Accordingly, there has been a large focus on developing and
understanding the changes in the sprint capability of rugby league players® as well as the
magnitude of difference between playing standards such as academy and senior players,’
playing positions> and selected/non-selected groups.” These results suggest that all rugby
league players are required to possess a high level of sprinting ability, with this characteristic
being particularly important for those at higher standards; competing in the backs position; and

who are selected into talent identification programmes.

One potential factor that has received less consideration when assessing and interpreting sprint
performance in rugby league is the chronological and training age of an individual. As noted
in Haugen et al.’s® review on the training and development of sprint performance, the sprint
capacity of an athlete evolves and devolves due to growth, maturation, training, and ageing.
They noted how peak sprint performance typically occurs around 25-26 years,® though is likely
influenced by the age at which specialised training was introduced. In rugby league, the age
and training age of an athlete is rarely considered when interpreting the sprint capability of
players, but differences between those with two or three years of training within an academy
have been noted for 10 m sprint times.> In contrast, Till et al.” reported minimal difference in
10 and 20 m sprint performance between academy players with 0, 1 and 2 years of training
experience. The influence of chronological age was recently explored across a large sample of

soccer players, where those with greater age (>28 years) reporting inferior split times compared



to their younger (<24 years) counterparts.'” However, no such information is available for
rugby league athletes when considering both chronological and training age across a large
sample, but warrants investigation given its importance when assessing and interpreting players

results that inform selection, long-term development and/or return to play decisions.

Despite interest in the acceleration and sprint capabilities of rugby league athletes, research is
largely limited to split times, total sprint time or velocity using electronic timing gates or a
radar gun, respectively. Over recent years, there has been an emergence of research that has
reported the mechanical properties of sprinting using a field-based method introduced by
Samozino et al.!! that provides a macroscopic insight using inverse dynamics applied to the
centre of mass, estimating the step-average ground reaction forces. Researchers have used this
method to assess the change in mechanical properties of sprinting'? as well as compare the
horizontal force-velocity (FV) profiles of drafted and non-drafted football players!® basketball
and handball players,'* soccer and futsal players,'® rugby union,'® rugby union and rugby
league players'’ and multiple sporting populations.'®!? The application of this model in these
populations has provided insight into the mechanical effectiveness of force application in a
horizontal direction (i.e., maximum ratio of horizontal-to-resultant force [RFmax], the decrease
in horizontal-to-resultant force [Drr]) and enabled the evaluation of the maximal theoretical
force (Fo), theoretical velocity (Vo), FVsiope, and maximal power (Pmax). Whilst this information
builds on what is known, there is a lack of understanding regarding the factors that may affect
the FV profile of rugby league players despite the widespread assessment on sprint ability in
these athletes. Cross et al.!” demonstrated positional difference in Fo (standardised mean
difference (SMD) = 0.18), Vo (SMD = 1.02) and Pmax (SMD = 0.88) in a small sample of elite
players limited to forward and backs. Whether the FV profile is different between specific

positional grouping (e.g., hit-up forwards, outside backs and adjustables), playing standards



(e.g., academy or senior) or is influence by chronological and training age is unknown in rugby
league. It is also currently unknown if the mechanical outputs associated with the FV profile
are related to other key physical characteristics. Dobbin et al.? recently reported that 20 m sprint
time was associated with change of direction time, whole-body power, and intermittent running
ability, though as noted earlier, this was limited to sprint time and does not consider the
mechanical properties. This information will support practitioners in understanding the sprint
capabilities and expectations of players with reference to specific sub-groups, and allow them
to understand how influencing outputs from the FV profile might affect other physical
characteristics important in rugby league. Attempts have been made to explore the differences
in the FV profile across playing standards, position, chronological age and sex in soccer
players.!%* However, given the difference in the development pathway and position-specific
demands, such information in rugby league will provide representative data for strength and
conditioning coaches, sport scientists and physiotherapist to support the long-term
development of athletes, the physical preparation for competition, and return-to-play

procedures following injury (e.g., hamstring strain).

Therefore, this study aimed to determine the influence of playing standard, age and playing
position on sprint properties and mechanical determinants in rugby league players. It was
hypothesised that senior players, outsides backs, and older players with greater training

experience would report lower split times and superior FV properties.

Materials and Methods
Study Design
This observational study used a cross-sectional design as it allows for comparisons in sprint

split times and the FV properties of professional rugby league players considering sub-groups



based on playing standard, age and playing position. This design also allows for the association
between a variety of physical characteristic to be assessed. All participants were assessed
during the final two weeks of preseason after a period of 10-14 weeks of structured training by

the same researcher under identical conditions.

Participants

One hundred and thirty-two rugby league players from 5 Super League clubs (~27% of the
pooled league cohort) participated in this study and were categorised based on their playing
standard, age and playing position. An a-priori power calculation based on a moderate

difference between groups!'®*

was used with alpha and power set at 0.05 and 0.80,
respectively. The minimum estimated sample was estimated using G*Power, with a sample of
90 participants required. Academy player (n = 67) were defined as those contracted to a Super
League academy and who were yet to complete an entire Super League season. Senior players
(n = 65) were contracted to a club and had completed at least one entire competitive Super
League season. Hit-up forwards (n = 58) included props, second row and loose forwards;
outside backs (n = 40) included wingers, fullbacks, and centres; and adjustables (n = 34)
included hooker, halfbacks, and stand-off. Age groups were categorised as <21 years (n = 76),
21-26 years (n = 33) and > 26 years (n = 23). Participants were free of any injury that would
prevent them from completing a thorough warm-up and all components testing battery.
Participants who didn’t provide playing position, age, or information when they started rugby
league were excluded. Ethics approval for this study was granted by the Faculty of Medicine,

Dentistry and Life Science Research Ethics Committee at the University of Chester

(1493/18/ND/SES). All participants provided informed consent.

Procedures



Participants completed a standardised warm up as part of an overall standardised testing battery
conducted indoors on artificial (3G) turf and taking about 75 minutes for the entire squad to
complete. This warm-up was led by the lead researcher based on the raise, activate, mobilise,
and potentiate principles, and involved a series of short jogging bouts, dynamic stretches and
high-speed work building to a single maximal sprint. A period of 5-7 minutes was then given

before the assessment of physical characteristics.

The sprint test was completed indoors on artificial surface, with participants wearing their full
training kit and playing boots. All participants were familiar with the testing procedures and
were required to adopt a two-point athletic stance 0.3 m behind the starting timing gate. In their
own time, players performed two maximal sprints down a 30 m channel with single-beam
timing gates positioned at 0, 5, 10, 15, 20 and 30 m at a height of 90 cm and 150 cm apart
(running channel width) (Brower, Speedtrap 2, Brower, Timing Systems, Draper, UT, USA).
All split times were recorded to the nearest 0.01 s, with the lowest of two 30 m sprint times
and corresponding splits used for analysis. Sprints were completed one at a time, and

participants given a 3-minute passive recovery period between efforts.

The horizontal FV profile for each participant was determined using a validated method based
on the sprint velocity-time curve which was fitted by a monoexponential function using least-
squares regression.'! Due to the difference in the initiation of the sprint and the triggering of
the first timing gate, a time shift method was applied based on the work of Stenroth et al.?!
Temperature, humidity, stature, body mass, and split times were included in the calculation of
the acceleration of the centre of mass and net horizontal force. An individual FV profile was
derived with Fo and V identified and used to calculate Pmax (Fo*Vo/4).!! RFmax was determined

to represent the maximum ratio of force whilst Drr was the rate of decrease in the ratio of force.



Values derived from the model were expressed in absolute and relative terms, with the

reliability previously reported as excellent when using timing gates.?

In addition to the sprint test, all players completed a standardised testing battery which include
a countermovement jump with arms akimbo, a medicine ball throw, a change of direction test
and a rugby-specific Yo-Yo Intermittent Recovery Test. All procedures have been described
previously?® and can be found in Supplement 1, with the outcomes deemed reliable (coefficient
of variation = 2.5 — 9.9%) and not subject to a learning effect.”®> The mean and standard
deviation for temperature, humidity, pressure was 8.7 £ 2.5°C, 82.3+ 3.9% and 1004 + 16 mbar,

respectively.

Statistical Analyses

Data are presented and mean = SD. All data met the assumptions of normality. Intraclass
correlation between the repeated sprints was determined using a mixed model. Between-group
comparisons for playing level was assessed with an independent sample #-test, whilst playing
position and training age were assessed using a one-way ANOVA. Where a main effect was
found, a follow-up post-hoc test was completed with a Bonferroni adjustment applied. The
between-group comparisons were also supplemented with Hedges g (SMD) and 95%
confidence limits (95%CL) interpreted as: 0.00 to 0.20 (trivial), 0.21 to 0.60 (small), 0.61 to
1.20 (moderate), 1.21 to 2.00 (large), and >2.00 (very large)** When assessing the relationship
between sprint times and FV properties with the other physical characteristics, Pearson’s
correlations were derived with 95%CL. Correlations were interpreted as: <0.1, trivial; 0.10-
0.30, small; 0.31-0.50, moderate; 0.51-0.70, large, 0.71-0.90, very large; and > 0.90, nearly
perfect. The compatibility of the data with the hypothesis was inferred from the P values that

were calculated using SPSS for Macintosh (Versions 26, Armonk, USA).



Results

The intra-trial reliability for the two repeated sprints was 0.729 to 0.816. Results for the
independent sample #-test indicated a difference between academy and senior players for age
(t=13.584, P <0.001), training age (¢ = 12.969, P <0.001), stature (¢ =-4.091, P <0.001) and
body mass (1= 5.608, P <0.001). Differences were also evident across all split times (¢ =2.413
to 3.221; P =0.002 to 0.017), absolute Fo ( = -2.958; P = 0.010), Vo (¢ = -2.886, P < 0.005)
and absolute Pnax ( = -4.613, P < 0.001). Minimal difference was observed between playing
groups for relative Fo (= 0.702, P = 0.484), Pmax ( =-0.586, P = 0.559) or FVjiope (f = -1.542,
P =0.125), RFmax ( =-0.209, P = 0.834) and Drr (¢ = -1.717, P = 0.088). When considering
the magnitude of difference, results revealed small differences in split times and trivial to

moderate difference in mechanical properties (Table 1).

*#**INSERT TABLE 1 ABOUT HERE****

There was a main effect of age group for stature (F =8.682, P <0.001), body mass (F=10.792,
P <0.001) and training age (F = 190.103, P < 0.001). Differences were apparent across age
groups for all split times (F = 3.821 to 9.435, P = 0.024 to < 0.001) and for absolute Fo (F =
3.841, P=0.024), Vo (F = 6.460, P = 0.002) and Pmax (F =9.756, P <0.001). No main effect
of age group was observed relative Fo (F = 1.091, P = 0.339) or Pmax (F = 1.388, P = 0.253),
FVsiope (F = 1.881, P =0.157), RFmax (F = 1.243, P = 0.292) and Drr (F = 1.960, P = 0.145).
Pairwise comparisons between groups as well as the magnitude of difference are presented in

Table 2.

*#**INSERT TABLE 2 ABOUT HERE****
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There was no main effect of playing positions for age (F =0.623, P=0.538), stature (F = 2.666,
P =0.073) or training age (F =0.461, P =0.632). There was, however, a main effect of position
for body mass (F = 35.600, P < 0.001), with post-hoc analysis indicating that all positions
differed to each other. There was a main effect of position for split times at 10 m (F =3.257, P
=0.042), 15 m (F =3.174, P=0.045), 20 m (F = 5.843, P = 0.004) and 30 m (F = 9.620, P <
0.001), but not 5 m (F = 0.716, P = 0.491). Post-hoc analysis indicated lower split times for
outside backs compared to hit-up forwards at 10 to 30 meters. Outside backs also reported a
lower split time at 30 m compared to adjustables (Table 3). A main effect of playing position
was evident for absolute Fo (F = 13.860, P < 0.001), Vo (F = 3.565, P = 0.031) and absolute
Pmax (F=13.211, P <0.001), with adjustables producing the least (moderate to large effect) Fo
and Pmax of all groups and outside backs reporting a lower (small effect) Fo and Pmax than hit-
up forwards. Outside backs reported a higher Vy than hit-up forwards. No significant effect of
playing position was observed for relative Fo (F = 0.096, P = 0.908), relative Pmax (F = 1.708,
P =0.185), FV slope (F = 0.359, P =0.699), RFmax (F = 1.724, P = 0.182) or Drr (F = 0.509,

P =0.602), though trivial to small differences were observed.

*#**INSERT TABLE 3 ABOUT HERE****

Trivial correlations were observed between all split times and most FV properties with
medicine ball throw distance (» =-0.12 to 0.15, P =0.100 to 0.960), except for absolute Fo and
Pmax (# = 0.320 to 0.371, both < 0.001). Trivial correlations were observed for all variables
with prone Yo-Yo IR1 test (»r = -0.16 to 0.09, P = 0.06 to 0.62) (Figure 1). A negative
correlation was observed between 10-30 m split times and CMJ height (» = -0.25 to -0.51, all
P <0.01), whilst Vo, Pmax, FVsiope, RFmax and Drr were positively associated with CMJ height

(r=0.17t0 0.47, P =< 0.001 to 0.049) (Figure 1). All split times were positively correlated

11



with change of direction time (» = 0.33 to 0.52, all P < 0.001). Absolute Fo and Pmax were
positively associated with change of direction time (» = 0.184 to 0.256, P = 0.004 to 0.04).

Small negative associations were evident for change of direction time and velocity and RFmax

(r=-0.178 t0 -0.192, P = 0.032 to 0.046).

*##*INSERT FIGURE 31 ABOUT HERE****

Discussion

The results of this study indicated distinct FV profiles for specific sub-groups, with senior
players reporting lower split times and higher absolute Fo, Vo and Pmax compared to academy
players. Further, those age between 21 and 26 years generally demonstrated superior split times
and FV properties than those <21 years and > 26 years. Finally, the results highlighted outside
backs generally reported superior split times and FV profile, with adjustables being inferior to

outside backs and hit-up forwards for Fo and Pmax.

Several studies have used a large sample of soccer and rugby union players to provide insight
into the influence of playing standard to aid practitioners’ interpretation of the FV profile and
support the development of players of lesser standards.!®!®2%2 However, no studies have
reported the difference in the FV profile between academy and senior rugby league players,
which is important given most academy players progress straight to the Super League due to
limited use of development squads (reserves/U23s). Senior players reported lower split times,
with the magnitude of difference increasing sightly over the distance covered, which is
consistent with Cross et al.!” and Edwards et al.,!? both of whom observed similar results when
comparing rugby union and rugby league players and drafted and non-drafted Australian

footballers, respectively. This finding, combined with the greater Vo, suggests that senior

12



players have a greater ability to apply force at higher velocities potentially due to greater fatigue
resistance, greater gluteal and hamstring strength, backward movement speed of the limb
throughout a sprint and superior sprint mechanics (e.g. application and force orientation).?
Further, the higher horizontal absolute Fo and Vo in senior players resulted in a moderate
between-group difference in Pmayx, indicating that senior players can generate greater net
horizontal ground reaction force during the sprint start (%RFmax) and at high velocity. The
stepped increase in horizontal absolute Fo, Vo, Pmax and sprint performance as playing standard
increased agrees with previous work in soccer players.!%2%2326 The greater absolute difference
might explain the small difference in Drrbetween academy and senior players, where a slightly
steeper negative slope was observed for academy players. There are several explanatory factors
associated with these findings such as morphological, neural, and mechanical properties of the
skeletal muscle that result in a greater absolute force output, greater backward movement of
the limb during the stance and late swing phase and reduced influence of fatigue over a 30 m
course.?’?® Of particular interest for sprinting, is a greater knee flexor strength which is known
to be associated with horizontal force application?® and often a higher standard athletes.”
However, the lack of difference in relative Fo and Pmax suggest much of the different is
explained by the greater body mass, in part, due to > 7 years greater training exposure
consisting of exposure of lifting heavier maximal loads, engaging in more frequent force-

dominant actions and more specialised programmes compared to academy players.

The influence of the participants’ age should be considered when evaluating the mechanical
properties of rugby league sub-groups given the difference in split times previously reported.®

1.1% noted minimal

When considering the mechanical properties in soccer players, Haugen et a
difference between those ages 24 to 28 years but an inferior profile in those over 28 years

compared to the 24-28-year-olds. The results in this study demonstrate that players aged 21-
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26 years reported superior split times compared to <21 years. However, considering the SMDs,
a moderate difference was also observed between those 21-26 years and > 26 years, thus
potentially indicating an that 21-26 year reflects a period of optimal training adaptation and
minimal influence of age-related changes in muscle morphology caused by greater recovery
time needed and reduced training volumes often see in senior players. Whilst the participants
in this study are likely to be younger than that where alteration in size of fast-twitch muscles
fibres and a change in the myosin heavy chain isoform profile*® are observed (~ 40 years), the
range of ages in the > 26-year group was 27 to 35 years. In the older athletes, it is anticipated
that these may require greater time-course recovery following exercise that elicits symptoms

associated with exercise-induced muscle damage’!-*?

which will ultimately reduce training
frequency, intensity, and volume across a season. These findings suggest that age and training
age are important considerations when interpreting sprint and FV data, and that specific age

groups might require a more targeted approach in developing these characteristics to off-set

the decline in these performance variables.

A factor that has received consideration in other sports is playing position, which due to sport-
specific roles, cannot be expanded to rugby league. However, recent multi-club research
indicates minimal difference between outside backs and adjustables, though hit-up forwards
were slightly slower at the academy standard over 10 and 20 m.’> Dobbin et al.’s® research
indicated there was no difference in mean 10 and 20 m sprint times between hit-up forwards
and adjustables, with the outside backs being quicker.®> The results of the present study provide
some insight into the mechanical properties associated with achieving the given split times.
Split times revealed differences between hit-up forwards and outside backs, and a difference
in 30 m split times between outside backs and adjustables. To overcome the greater inertia, the

hit-up forwards produced a larger absolute Fo and Pmax during the sprint and achieved a similar
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Vo to adjustables, but lower than outside backs. The inferior Fo, Vo and Pmax found for
adjustables reflects position-specific needs, whereby greater intermittent running ability is
likely to be more important to ensure they are available during the ‘play-the-ball’ rather than
their sprinting ability. This finding concurs with Haugen et al.!° who observed a similar profile
for midfielders in soccer; a position that historically resulted in greater distance being covered?”
and on-ball activity.** Outside backs reported the lowest split times, highest Vo and Prmax
compared to the other positions. This finding agrees with Cross et al.!” who compared rugby
league forwards and backs; Haugen et al.!® who reported data on forwards/strikers; and
Watkins et al.'® reported across rugby union position. Collectively, these results indicated that
players involved in decisive high-speed moments and who have the greatest space on the field

to reach higher sprint speeds display a superior FV profile than others.

The association between physical characteristics is important for programme effective and
efficient programme design. In this study, the results indicate that a lower split time at almost
at all distances were associated with superior countermovement jump and change of direction
ability. This is consistent with the work of Dobbin et al.® using the same tests. The relationship
between squat jump, countermovement jump, and change of direction ability with sprint split
times support the results of this study.!**>* When considering the mechanical properties, Vo
and RFmax were negatively associated with change of direction time (faster), whilst Fo and Pmax
were positively associated (slower). Similar correlations were found between the 505 test and
Vo,%” but not Fo, where a negative association was observed. However, comparing these results
is difficult given the variety of team-sport athletes used and differences in change of direction
test. FVsope, RFmax and Drr were positively associated with countermovement jump
performance, whilst for no association was observed for any sprint properties with prone Yo-

Yo IR1 running distance. Fo and Pmax was associated with medicine ball throw distance and is
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likely explained by the greater distance achieved by hit-up forward® who also report greater
absolute Fo and Pmax. Practitioners in rugby league can use this information to design strength
and conditioning programmes considering the degree of covariance between physical
characteristics. This is likely to be particularly important when working with youth and
academy athletes as the development of some characteristics may translate to a positive or

negative changes elsewhere that could impact on coach’s perceptions or match performance.

Limitations, Practical Implications and Conclusions

Whilst this is the largest dataset available in rugby league and was collected under identical
conditions by the same researcher, it’s important to note that the results reflect ~30% of the
available population in the UK at each playing level. As such, there is a need for centrally
governed research by the sport’s governing body to capture truly reflective normative data
across the league if deemed necessary. Also, it is important to highlight that the assessment
was conducted during the final two weeks of preseason, thus some individual might have
arrived in a less than optimal condition due to residual fatigue from a period of high training

volume.

This study provides the magnitude and probability of the differences between key sub-groups
in rugby league; that is, academy and senior players; three age groups, and positional groups.
This data can support practitioners evaluating athletes’ athletic ability, supporting their return
to play following injury, and considering developmental opportunities. Also, the inclusion of
other key physical characteristics enables researchers and practitioners to understand the
degree of covariance between the horizontal FV properties and key physical characteristics,
particularly change of direction and jump performance, thus supporting overall programme

design for rugby league athletes.
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Table 1. Comparison in FV profile between academy and senior rugby league players.

Playing Standard
Academy Senior SMD =+ 95%CL
(n=167) (n=65)
Age (y) 17.4 £1.02 24.5 £4.3* 227094
Stature (cm) 179.7x 6.1 183.0 £ 6.5* 0.52 £0.64
Body mass (kg) 85.2+10.7 94.9 £ 10.9* 0.89+£0.73
Training age (y) 14+1.0 8.5£4.0* 2.43£0.96
Recorded split times
S5m(s) 1.11 £0.07 1.09 £ 0.06* -0.30 £ 0.58
10 m (s) 1.86 £ 0.07 1.84 £0.08* -0.26 £ 0.57
15m(s) 2.52£0.08 2.48 £ 0.09* -0.47£0.63
20 m(s) 3.15+£0.10 3.10+£0.11%* -0.47£0.63
30 m(s) 436=x0.14 428 £0.13* -0.59 £ 0.66
Time-shifted FV data
Fo (N) 661 £ 126 727 £ 134* 0.50 £ 0.64
Fo (N'kg™) 7.8+1.2 7.7£13 -0.08 £ 0.52
Vo (m-s™) 8.93+£0.59 9.22 £ 0.64* 0.47£0.63
Prax (W) 1465 + 233 1667 + 280* 0.78 £0.71
Prax (W-kg™) 17.3+£2.4 17.6 £2.5 0.12+£0.53
FVisiope -0.88 £ 0.18 -0.84 £ 0.17 -0.22 £ 0.56
RF max (%) 447+2.6 450+29 0.11£0.53
Drr (%) -8.2+1.7 -7.8+1.6 -0.24 £ 0.57

Note: Fy = theoretical maximum force, Vy = theoretical maximum velocity, Pmax = mechanical power
output, FV = force-velocity, RF . = maximum rate of force, Drr = rate of decrease in the rate of force
with increasing speed. SMD = standardised mean difference. 95%CL = 95% confidence limits. *
Significantly different to academy players.
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Table 2. Comparisons in the anthropometric characteristics, split times, and force-velocity properties according to age group

Age groups SMD + 95%CL (P value)
<21 year (1) 21-26 years (2) >26 years (3) 2vs. 1 3vs. 1 3vs.2
(n=176) (n=33) (n=23)
Age (y) 177+1.3 23.6 £ 1.9* 30.0 £2.0%f 4.00+£0.99 444 +0.99 1.88 £ 0.91
Stature (cm) 179.8 + 6.5 183.4 £5.7* 184.9 £ 5.7* 0.57 £ 0.66 0.56 £ 0.66 0.26 £0.57
Body mass (kg) 86.0£10.9 952 +£9.7* 98.3+10.4* 0.86 £ 0.73 1.13+£0.79 0.30+0.59
Training age (y) 1.9+1.7 7.6 £1.9*% 12.9 £2.5%% 3.23+£0.98 5.72+0.99 2.82+£0.98
Recorded split times
5m(s) 1.11 £0.07 1.07 £ 0.05%* 1.10 £ 0.05 -0.61 £ 0.60 -0.15£0.55 0.59 £ 0.66
10 m (s) 1.86 £ 0.07 1.81 £0.08%* 1.86 £ 0.06 -0.68 £ 0.66 -0.01 £ 0.50 0.69 £ 0.69
15 m (s) 2.52+0.08 2.45+0.09% 2.50+£0.08 -0.84 £ 0.72 -0.25£0.57 0.58 £ 0.66
20 m (s) 3.14£0.10 3.07£0.11%* 3.13£0.11 -0.68 £ 0.66 -0.09£0.53 0.54 £0.65
30 m(s) 435+0.14 426 +0.14* 428 +0.13* -0.64 + 0.60 -0.50 £ 0.64 0.15+£0.54
Time-shifted FV data
Fo (N) 669 + 126 744 + 148%* 717 £ 114 0.56 £ 0.55 0.39+£0.61 -0.19 £ 0.56
Fo (N-kg™) 7.8+1.3 7.8+1.2 7.3+09 0.01+£0.50 -0.40 £ 0.62 -0.46 £ 0.63
Vo (m-s) 89+0.6 92+04 9.5+0.8*% 0.54 + 0.66 0.92 +£0.73 0.48 £0.63
Pnax (W) 1485 + 237 1697 + 315 1687 + 233 0.81+0.70 0.85+0.73 -0.03 £ 0.51
Pumax (W-kg") 17.3+2.4 17.9+£2.8 172+1.9 0.24 +0.56 -0.04 £ 0.51 -0.28 £ 0.58
FV slope -0.88+£0.19 -0.86 £ 0.15 -0.78 £ 0.15 -0.11 £ 0.53 -0.55 £ 0.66 -0.53 £ 0.64
RFmax (%) 447+2.7 453 +3.1 444+24 0.21 £0.56 -0.11+£0.53 -0.31£0.59
Drr (%) -82+1.7 -8.0+1.3 -72+1.4 -0.12 £ 0.54 -0.61 £ 0.67 -0.58 £ 0.66

Note: Fy = theoretical maximum force, Vy = theoretical maximum velocity, Pmax = mechanical power output, FV = force-velocity, RFmaux =
maximum rate of force, Drr = rate of decrease in the rate of force with increasing speed. SMD = standardised mean difference. 95%CL = 95%

confidence limits. * difference to < 21 years. t different to 21-26 years.
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Table 3. Comparisons in the anthropometric characteristics, split times, and force-velocity properties according to playing position.

Positional grouping SMD + 95%CL (P value)
Hit-up Forward Outside Back Adjustable (3) 2¢f 1 3cf 1 3cf 2
(1) (n=158) (2) (n=40) (n=34)
Age (y) 21.1+£4.7 21.3+£5.1 20.2+4.5 0.04£0.51 0.19 £0.56 -0.22 £ 0.56
Stature (cm) 184.7+£5.4 181.3£5.2 175.7£6.0 -0.63 £ 0.67 -1.59 £ 0.87 -0.99 £ 0.76
Body mass (kg) 97.3+£9.9 87.6 £ 9.4* 80.4 £ 8.9%F 0.99 £0.76 -1.76 £ 0.89 0.78 £0.72
Training age (y) 53147 5148 42+45 -0.04 £ 0.51 -0.24 £ 0.57 -0.19£0.55
Recorded split times
5m(s) 1.11 £0.07 1.09 £ 0.06 1.10 £ 0.07 -0.30 £ 0.59 -0.14 £ 0.54 0.15+0.54
10 m (s) 1.87 £0.07 1.83 £0.08* 1.85£0.07 -0.53 £ 0.65 -0.28 £0.58 0.26 £ 0.57
15 m (s) 2.51£0.09 2.47 £0.09*% 2.50 £0.08 -0.44 £ 0.62 -0.11 £0.53 0.35£0.60
20 m (s) 3.15+£0.10 3.08+£0.11% 3.13+£0.10 -0.66 + 0.68 -0.20 £ 0.56 0.47 £0.63
30 m (s) 4.36+0.12 424 +£0.15% 4.33 £0.137 -0.89 £ 0.73 -0.24 £ 0.57 0.63 £0.67
Time-shifted FV data
Fo (N) 750 + 138 683 £ 119% 612 £ 94%F -0.51 £ 0.64 -1.10 £ 0.79 -0.64 + 0.68
Fo (N-kg™) 7.7£13 7.8 1.1 7.7+13 0.08 £0.52 -0.01 £0.50 -0.08 £ 0.52
Vo (ms™) 8.93+0.63 9.27 £0.55% 9.08 £0.65 0.56 £ 0.66 0.23 £0.57 -0.31£0.59
Piax (W) 1666 + 278 1577 £ 262 1385 £ 191*} -0.33£0.59 -1.12£0.79 -0.81 £0.72
Prmax (W-kg™!) 17.1£2.4 18.0£2.5 173+£23 0.37 £0.60 0.08 £0.52 -0.29 £0.58
FV slope -0.88£0.19 -0.85£0.14 -0.85£0.19 -0.17£0.55 -0.16 £ 0.54 -0.01 £ 0.50
RF imax (%) 445+2.8 455+£2.8 446£25 0.35+£0.60 0.03 £0.51 -0.33£0.59
Drr (%) -8.1+1.8 -7.8+1.3 7.9+ 1.7 -0.18 £ 0.55 -0.11 £0.53 0.07 £0.51

Note: Fy = theoretical maximum force, Vo = theoretical maximum velocity, Pmax = mechanical power output, FV = force-velocity, RFmax =
maximum rate of force, Drr = rate of decrease in the rate of force with increasing speed. P values are Bonferroni corrected. SMD = standardised

mean difference. 95%CL = 95% confidence limits. * significantly different to hit-up forwards. 1 significantly different to outside backs.
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Figure 1. Pearson’s correlation (= 95% CL) between sprint
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split times and mechanical

properties with countermovement jump height (circles), change of direction time (squares),
medicine ball throw distance (triangles) and prone Yo-Yo IR1 distance (diamonds). *

significant correlation.
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