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ABSTRACT

Wheelchair rugby (WCR) is an indoor contact sport.
The sport is commonly known for its paralympic
discipline, WCR Fours. A more inclusive version
of the sport, WCR Fives, was developed recently.
Previously, it has been reported that sprint and
repeated sprint (RS) ability are crucial for success
in WCR. However, very little is known about the
differences in these qualities between those
playing WCR Fours and Fives, or between those
with a spinal cord injury (SCI) and those without,
in recreational WCR players. Therefore, this study
aimed to address these gaps in a non-elite sample
of athletes. A total of 21 (17 males and four females;
SCI n =10, Non-SCI n = 11) players (mean + SD;
age: 34.66 + 12.34 years; mass: 76.23 + 21.96 kg;
stature: 1.76 = 0.09 m) participated. This study
measured velocity (m's™') and acceleration (m-s
2) with splits at 5, 10, 15, and 20m during three
maximal 20m sprint efforts and timing splits during
10 x 20m RSs. Fours and Fives showed similar
velocities and accelerations across all distances
during the initial sprints. SCI participants had
slower velocities and lower acceleration across
all distances. However, there were interactions
between disability and distance where although
SCI participants had lower accelerations over the
initial 0-5m distance, the difference decreased as
the distance covered increased. During the RSs,
similar performances across all distances and all
sprint numbers were observed for Fours and Fives
and SCI and non-SCI players. In conclusion, there
appears to be little difference between Fours and
Fives sprint and RS ability.

Keywords: Disability sports, Field testing, Disability
classification, Peak velocity

INTRODUCTION

Wheelchair rugby (WCR) is an indoor contact played
on a rectangular court measuring 28 x 15m using
a regulation volleyball [1]. The sport was initially
designed for wheelchair basketball (WB) players
who found the sport too physically demanding and
combines elements of rugby and basketball [2]. The
ball must be thrown, passed, bumped, or dribbled in
any direction between teammates every 10 seconds,
and to score, the ball must be carried across the
goal line, with both wheels crossing the opposition’s
goal line within 40 seconds of gaining possession
[3]. The sport is commonly known for its original
format and paralympic discipline, WCR Fours,
where four players are on the court simultaneously,
competing in four quarters of eight minutes [1]
with a two-minute break between quarters and five
minutes for half-time [4]. The Paralympic discipline
was initially aimed at tetraplegics (players with
a spinal cord injury [SCI]) [5]. However, the sport
now includes players with other disabilities such as
cerebral palsy, muscular dystrophy, amputations,
polio, and other neurological conditions [5]. A
new version of the sport, WCR Fives, has been
developed recently. This involves two 12-minute
halves rather than quarters and has five players on
the court simultaneously [6]. This has allowed the
sport to increase its inclusivity as the version opens
it up to paraplegics and anyone with a physical
impairment [6, 7]. The eligibility for WCR Fives
requires individuals to have a permanent physical
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impairment that significantly impairs the function
of the upper or lower limbs to the extent that they
cannot run, pivot, throw, catch or jump with sufficient
speed, control, stability or endurance [6].

Both game formats have classification systems to
regulate the level of influence that impairments have
on games fairly, although the system’s reliability
has been questioned [8]. The system allocates
athletes to a points classification representative
of functional ability rather than athletic ability,
which is decided by hand, arm, shoulder, and
trunk function [3]. During international WCR Fours,
players are classified (higher score = greater
function) from 0.5 to 3.5 (domestically [GBWR] up
to 4.0) [9], and the total points on the court cannot
exceed 8.0 points. For each female on the court,
an additional 0.5 points are allocated to that team.
During WCR Fives, the points system ranges from
0.5 (current 0.5-1.5 classified Fours players) to 4.0
(players with diagnosed pain-related impairment),
and a team cannot exceed 10 points on the court
at any one time (for a complete breakdown of the
Fives points classification see WCR Fives Eligibility
Criteria). Current WCR research revolves around the
paralympic discipline, and many of these studies
categorise players into two groups based on their
classification: high-point (HP) and low-point (LP)
players. Those who are HP players (classification >
2.0) tend to have better function and play a more
offensive role in the sport, resulting in higher peak
velocities than LP (classification < 1.5) players [10].
Players classified as LP also tend to play a more
defensive role due to their lower functional ability,
resulting in reduced wheelchair skills that stem from
trunk instability [11].

The sport of WCR is reported to be characterised
by frequent and intermittent bouts of high-speed
and sprint propulsion [4]. Research has identified
that players perform 36-52 high-intensity efforts
in a match lasting between 1.7 to 1.9 seconds
[12]. Peak speeds have been reported to range
between 3.41 to 3.82 m/s with work-to-rest ratios
on average of 1:3.6 [13]. Consequently, the ability
to rapidly accelerate and attain peak velocities
has been identified as a determinant of on-court
performance [1, 14]. The ability to achieve greater
peak velocities has also been reported to increase
with the functional classification [12], with HP
players spending more time performing high-speed
activitiesthan LP players [15]. In a study investigating
sprint performance in a laboratory setting using a
wheelchair ergometer, Goosey-Tolfrey et al. [16]
reported that HP players achieved a faster sprint

time over 28m than LP players. This was reported
to result from them achieving higher peak power
outputs, resulting in greater acceleration and, thus,
higher top speeds [16]. When examining sprinting
kinematics, Haydon et al. [9] found differences in
propulsion technique between players with differing
activity limitations. The research highlighted above
suggests a difference in sprint performance based
on functional ability. However, studies have yet to
investigate the differences between the two formats
of WCR.

Despite work exploring the sprint ability of WCR
players, there needs to be more exploring their
repeated sprint (RS) ability. A study by Gee et al.
[13] investigated the effectiveness of a 20 x 20m RS
field test to replicate the physical demands of WCR.
The results showed a positive correlation between
peak heart rate (HR) and blood lactate in the field
test (r = 0.470, p = 0.043), as well as between
peak HR and peak speed (r = 0.493, p = 0.031).
A Bland-Altman analysis indicated good agreement
between HR and blood lactate in the RS field test
and gameplay. This led the authors to propose
that the 20 x 20m RS field test is a valuable tool
for assessing and monitoring training efficiency in
WCR. However, like many studies, this was based
on an elite WCR sample (national team selection
camp). Therefore, the authors felt that completing
20 repetitions may be too demanding for a non-elite
sample with varying degrees of ability, chronological
and training ages. Thus, the participants completed
10 x 20m RS in this study. The authors propose that
assessing the RS performance of a non-elite sample
would be a valuable addition to the current literature,
as no studies have examined the differences in
RS ability between Fours and Fives. Therefore, it's
not known whether the two groups can be trained
together or whether sprint and RS drills utilised in
training need to be game format specific.

Presently, there needs to be more information on the
sprint and RS performances of recreational WCR
players, mainly if there are any differences between
those playing the different versions of the game
(Fours and Fives). Therefore, the primary aim of this
study was to investigate the differences in sprint
and RS ability between non-elite players competing
in the different WCR game formats. The secondary
aim was to examine the differences in sprint and RS
ability between players with an SCI injury and those
without.
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MATERIALS AND METHODS
Participants

A purposive sampling approach was used to recruit
participants from a recreational WCR club with
diverse players from various game formats and
classifications. A total of 21 (17 males and four
females) non-elite players (mean + SD; age: 34.66
+ 12.34 years; mass: 76.23 + 21.96 kg; stature:
1.76 £ 0.09 m) participated in the study (breakdown
of characteristics between player groupings is
available in the supplementary files Table S1 https://

osf.io/e73zj). Of the 12 Fours players, the points
classifications of the players were as follows: 0.5 n
=1,10n=1,15n=1,20n=3,25n=2,30
n =3, 40 n = 1. Point classifications for the Fives
were: 1.5 n=320n=2, 30n=2,40n = 2.
All participants completed the initial sprint testing;
however, not all participants completed the RS due
to non-attendance at the testing sessions (n = 5).
Before commencing testing, all participants were
fully informed about the procedures, possible risks,
and purpose of the study. All participants also
completed a PAR-Q form and provided informed
written consent. The Solent University Ethics
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Figure 1. Schematic of study design and session one and two testing format
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Committee approved this study (Reference number
maguc1HESS2022).

Procedures

Testing took place over two sessions, with a
minimum of 48 hours of rest between them, in
the sports hall where the club usually trains. The
participant’s chairs were a mix of personal and
club chairs set to their preferences. A standardised
warm-up was conducted before all testing sessions
(Two court lengths, dynamic stretches of shoulders,
trunk, and activation of the neck. Followed by 50%
sprints from 90-degree turn x 2, 75% sprints from
180-degree turn x 1, and reaction pushes in all
directions).

Session One — Initial Sprint Testing

Session one (Figure 1) allowed for the measurement
of time (secs), average velocity (m.s™) for each of
the splits and overall average velocity (m-s™') and
acceleration (m-s?) during three maximal 20m
sprint efforts. Timing gates (SmartSpeed, Vald,
Newstead, Australia) were used to record splits at
5, 10, 15 and 20m. Before commencing the test,
a briefing was delivered, and any questions were
addressed. Participants were then directed to
position themselves 30cm behind the first timing
gate (start gate) and instructed to complete each
20m sprint maximally when ready. After each sprint,
participants were given a five-minute recovery
period. The average of each metric from the three
trials was used for further analysis.

Session Two — Repeated Sprint Testing

Session two measured RS ability during 10 x
20m [17] maximal effort sprints (Figures 1 and 2).
The selection of 10 RSs, as reported by West et
al. [17] as opposed to 20 trials in Gee et al. [13]
study was chosen to reduce the overall demands
on the participants and reflect their status as non-
elite recreational WCR players. The same setup as
session one was used to assess the time to complete
each 20m sprint (splits as described previously).
Blood lactate concentration (mMM) was measured
before starting the test (after the completion of the
warm-up) and straight after the final sprint. The
sample was taken from the ear lobe using a lancet
and analysed using a Lactate Pro (Lactate Pro 2,
Arkray Europe B.V., Netherlands). The same tester
(CM) was responsible for all the blood lactate
sampling throughout the study. Before the 1%t sprint,
participants were instructed to complete each of the

ten sprints maximally. When ready, the participants
began their 1%t sprint 30cm behind the start line
before turning around at the other end (20m line),
allowing the start line of the previous sprint to
become the finish line of the next sprint. An auditory
and a visual cue from the timing gates presented
like a ftraffic light system informing participants
when to begin the next sprint after a 15-second
recovery period. This procedure continued until the
10th sprint, after which lactate concentration was
assessed again. Verbal encouragement was given
to all participants throughout, both from the team
and the staff present.

Statistical Analysis

The present analysis was not pre-registered as we
had no a priori hypotheses and, given the limited
sample size due to resource constraints and the
population, thus was considered exploratory.
Inferential statistics were treated as highly unstable
local descriptions of the relations between model
assumptions and data to acknowledge the inherent
uncertainty in drawing generalised inferences from
single and small samples [18]. For all analyses, we
avoided dichotomising the existence of effects and
therefore did not employ traditional null hypothesis
significance testing on parameter estimates [19,
20]. Instead, we opted to take an estimation-based
approach [21], based within a Bayesian framework
[22]. For all analyses, model parameter estimates
and their precision, along with conclusions based
upon them, were interpreted continuously and
probabilistically, considering data quality, the
plausibility of effect, and previous literature, all within
the context of each model. We focused primarily
on qualitative examination of our results based on
visualising the data and models for fixed effects
and exploring variances using random effects. All
analyses were performed in R (version 4.2.3, The R
Foundation for Statistical Computing, 2023), and all
data and code are presented in the supplementary
materials (https://osf.io/y2jdb/). Two sets of models
were employed to explore the sprint trial outcomes
and the repeated sprint outcomes for both
classification (4 vs 5) and disability (other vs SCI).
The brms package [23] was used to fit all models.
All parameters in the models described below had
Rvalues <1.01, trace plots demonstrated chain
convergence, and the posterior predictive checks
appeared appropriate (see https://osf.io/juexb).
Given the population and outcomes explored, the
limited data available in past studies, and the model
structures, we did not have a clear intuition or
informed opinion about what priors to set and opted
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to use the default weakly regularising priors and “let
the data speak”. Four Monte Carlo Markov Chains
with 4000 warmup and 4000 sampling iterations
were used in each model. For each model, results
were visualised by taking draws from the expected
posterior distribution (n=16000) and taking the
mean of these draws along with the 95% quantile
(credible) interval for the fixed effects parameters,
thus providing the overall grand mean effects for the
population. All data visualisations were made using
ggplot2 [24], the tidybayes package [25], and the
patchwork package [26].

Sprint trial outcomes - For the sprint trials, we
examined both the velocities and accelerations
over each of the 5m sections of the 20m sprint
as dependent variables in separate models.
Data was handled in long format, with each row
corresponding to an observation of a participant’s
velocity or acceleration in a 5m section for a
given trial. For each velocity and acceleration, we
fitted separate models with fixed effects for either
disability or classification and in each also included
a fixed effect for the distance (i.e., section of the
20m sprint trial: 0-5m, 5-10m, 10-15m, 15-20m), in
addition to their interaction. We also used included
random intercepts for participant and random
slopes for distance. The model equation was, where
outcome, was velocity, or acceleration, and group.
was either disability,, or classification,, thus:

See Formula 1.

Repeated sprint trial outcomes - For the sprint trials,

outcome; ~ N(u,a?)

we examined both the time in seconds for each of
the 5m sections of the 20m sprint as dependent
variables in separate models. Data was handled
in long format, with each row corresponding to an
observation of a participant’s time for a 5m section
for a given sprint number. We fit separate models
with fixed effects for either disability or classification
and in each also included a fixed effect for the
distance (i.e., section of the 20m sprint trial: 0-5m,
5-10m, 10-15m, 15-20m) and also for the sprint
number (from first to tenth), in addition to their
interactions. We also included random intercepts
for participants and random slopes for distance
and sprint number. The model equation was, where
group,,. was either disability,,, or classification,,
thus:

See Formula 2.

We also examined the blood lactate pre- and post-
repeated sprint trials as a dependent variable.
Data was handled in long format with each row
corresponding to an observation of a participants
blood lactate at either pre- or post-repeated sprint
trials. We fit separate models with fixed effects for
either disability or classification, and in each also
included a fixed effect for the time-point (i.e., pre-
or post-repeated sprint trials coded as pre=0 and
post=1), in addition to their interaction. We also
used included random intercepts for participant.
The model equation was, where was either or ,
thus:

See Formula 3.

B = ayy + Py (distances_yom) + B2y (distanceso_ysm) + B3y (distance;s_zom)

a; Y& + v{ (groupais) Cr‘%j Pajpj  Pajpyj  Pajps;
Buj i Voﬂl £a Vfl(gmupdiff) Ppyjaj 0-51_,' PB1jB2j  PBi1jBsj foridj=1,..)
Baj VOBZ + sz (groupyifr) Ppyja;  PBajpyj UEZI- PB,jBs; ' =5
Bs; ¥E® +vP* (groupqinr) Posja; PBsjByy PBajfaj O
Formula 1.
time; ~ N(y, 02)
B = ay) + Byjiy (sprintnumber) + B, (distances_oy,) + B35 (distance;g_;5m) +

B (distance,s_pom) + fs(distances_; o, X sprintnumber) + S, (distance, o_ 5y, X sprintnumber) + f;(distance, s_,qn, X sprintnumber)

a; g + v (group g U‘%l Pajpry  Pajpay  Pajps;  Pajpa
Byj e + v/ (@roupar) Ppye;  Ohy PRy PRubs; Phibs
By | ~N Vo2 + v/ (groupaier) + v4 > (group s x sprintnumber) |,| Ppja; Ppuypy  Ohy  Ppusy Phagpay | | foridj=1,..
\ ﬂSi/ VUB3 £5 Vzﬁ3 (groupger) + Vlﬁ3 (group ;e X sprintnumber) Ppsjaj Ppsjpij PBsjpo; ‘753,- PBsjBaj
Bai ]’.354 ik yf“(groupdm) + }’zlf4 (group;s X sprintnumber) Ppaja; PPajpij PBijBz;  PBajBsj U/?“-
Formula 2.

lactate; ~ N(ajj + B1(time), o?)

a ~N (Vél + y{ (groupgigr) + ¥5 (groupg;r X time),fffj) ,foridj=1,...J
Formula 3.
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RESULTS
Within Session Reliability

During the initial sprints, the within-session reliability
of each 5m split was calculated from the three trials:
5m (Coefficient of Variation [CV] = 2.1%, 95% CI =
1.6 to 3.1%, Intraclass Correlation Coefficient [ICC]
= 0.82, 95% Cl = 0.59 to 0.93), 10m (CV = 1.8%,
95 Cl =141t027%, ICC =0.91, 95% Cl = 0.78
to 0.97), 15m (CV = 1.9%, 95% Cl| = 1.4 to 2.7%,
ICC = 0.92, 95% CI = 0.81 to 0.97) and 20m (CV
= 1.6%, 95% Cl = 1.2 t0 2.4%, ICC = 0.95, 95% CI
= 0.88 to 0.98). All CVs and ICCs were calculated
using Hopkins [27] reliability spreadsheet.

Sprint trial outcomes

The overall grand means and credible intervals
from the models for the fixed effects (i.e., without
including the random effects) for both velocity and
acceleration can be seen in Figure 2 and Figure
3, in addition to individual data, respectively,
for both disability and classification models. All
parameters for both outcomes and both disability

and classification models are also shown in Table
1. As might be expected, fixed effects in both
models revealed that velocity increased as distance
covered increased and the reverse pattern for
acceleration, which decreased as distance covered
increased. Random effects in both models showed
that variation in velocities increased with increasing
distance covered. Also, the random effects
correlations suggested that those who were initially
faster, or faster during certain sections of the sprint,
were similarly typically faster at all other distances.
Variance in acceleration was more similar over
the increasing distance covered as compared
with velocity. Also, the random effects correlations
suggested that those who had higher acceleration
initially showed greater declines in acceleration
across all distances, though, between adjacent
distances, there were more positive relationships.

Disability - SCIl participants showed slower
velocities across all distances. There was, however,
little interaction effect between disability and
distance upon velocity. SCI participants also had
lower acceleration across all distances. However,
there were interactions between disability and

Table 1. Model parameter estimates for fixed and random effects for sprint trial outcomes (velocity and acceleration).

Velocity (m-s™)

Acceleration (m-s?)

Model Term Estimate ;;,ngl gl:-,g/fgl Estimate ;‘;,Zecrl gl:-,e/fz

Disability Model

Fixed Effects

Intercept 2.32 2.18 2.46 1.08 0.98 1.19
Disability, -0.26 -0.46 -0.06 -0.22 -0.38 -0.07
Distance, . 1.00 0.90 1.10 -0.41 -0.48 -0.34
Distance, . 1.32 1.19 1.45 -0.84 -0.93 -0.76
Distance,, . 1.57 1.40 1.75 -0.88 -0.97 -0.79
Disability,:Distance, . -0.10 -0.24 0.04 0.10 0.00 0.20
Disability..:Distance, , . -0.09 -0.29 0.10 0.21 0.09 0.32
Disability:Distance, ., -0.11 -0.36 0.15 0.19 0.07 0.32
Random Effects

o Intercept 0.23 0.17 0.32 0.17 0.12 0.23
o Distance, . 0.15 0.11 0.21 0.10 0.06 0.15
o Distance,, . 0.21 0.16 0.29 0.12 0.08 0.17
o Distance, 0.28 0.21 0.39 0.13 0.09 0.18
p Intercept:Distance, 0.69 0.34 0.90 -0.10 -0.53 0.36
p Intercept:Distance,, . . 0.61 0.26 0.85 -0.85 -0.96 -0.63
p Intercept:Distance, ,, . 0.54 0.16 0.80 -0.79 -0.93 -0.52
p Distance, ,,m:Distance, . . 0.94 0.83 0.99 0.39 -0.09 0.75
p Distance_,, :Distance,, . 0.90 0.74 0.98 0.47 0.01 0.79
p Distance,, . :Distance,, . 0.97 0.90 1.00 0.88 0.65 0.99
o Residual 0.07 0.06 0.08 0.07 0.06 0.08

Copyright: © 2025 by the authors. Licensee IUSCA, London, UK. This article is an 6
open access article distributed under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https:// creativecommons.org/licenses/by/ 4.0/).



International Journal of Strength and Conditioning. 2025

Maguire, C. H., Steele, J., & Bridgeman, L. A.

Velocity (m-s™)

Acceleration (m-s?)

Model Term Estimate ;‘ ;Z,vg QUSF: /S(::rl Estimate ;‘ 5‘:,2"2" QL:SEZ%‘I
Classification Model
Fixed Effects
Intercept 217 2.02 2.32 0.95 0.84 1.07
Classification, 0.04 -0.20 0.27 0.04 -0.14 0.21
Distance, ., 0.98 0.89 1.07 -0.32 -0.39 -0.26
Distance, . - 1.33 1.21 1.45 -0.70 -0.80 -0.61
Distance, ., 1.60 1.45 1.76 -0.74 -0.83 -0.65
Classification,:Distance, .. -0.06 -0.21 0.08 -0.08 -0.19 0.02
Classification,:Distance, ., - -0.13 -0.31 0.06 -0.09 -0.23 0.06
Classification,:Distance,, - -0.20 -0.44 0.04 -0.10 -0.24 0.04
Random Effects
o Intercept 0.26 0.19 0.36 0.20 0.15 0.27
o Distance, 0.16 0.11 0.21 0.10 0.06 0.15
o Distance,, . 0.20 0.15 0.28 0.15 0.11 0.21
o Distance,, . 0.27 0.20 0.36 0.15 0.11 0.21
p Intercept:Distance, ,, 0.73 0.41 0.92 -0.29 -0.67 0.16
p Intercept:Distance, ,, . 0.65 0.31 0.86 -0.91 -0.98 -0.77
p Intercept:Distance, ., 0.60 0.24 0.83 -0.87 -0.96 -0.69
p Distance_,, :Distance,, . 0.91 0.75 0.98 0.53 0.11 0.82
p Distance,, ,:Distance,, . 0.97 0.90 1.00 0.91 0.74 0.99
o Residual 0.07 0.06 0.08 0.07 0.06 0.08
Note:
Cl = credible interval
Disability - Velocity Classification - Velocity
A) Individual Data ©) Individual Data
T‘-2; & E 3
o o Distance e e e o Distance o e
®) Global grand mean and 95% credible interval (Cl) ©®) Global grand mean and 95% credible interval (Cl)
" i H "
2.0 7 20 1Y
oo o Distance e oo oo o Distance o o

Disability ¢ Other ¢ sCI

Model: Velocity ~ Disability * Distance + (Distance | ID)

Classification § 4 & 5

Model: Velocity ~ Classification * Distance + (Distance | D)

Figure 2. Individual data (top row) and global grand means with distribution and 95% credible interval estimates
from the expectation of the posterior predictive distribution (bottom row) for velocity by both disability, panels (A) and
(B), and classification, panels (C) and (D).
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Disability - Acceleration

(A)

Individual Data

Acceleration (m's'z)
o
b

0-5m 5-10m 10-15m 15-20m
Distance

Global grand mean and 95% credible interval (Cl)

Acceleration (m-s‘z)

¢ ¢ 4§

0-5m 5-10m 10-15m 15-20m
Distance

Disability ¢ Other ¢ SCI

Model: Acceleration ~ Disability * Distance + (Distance | D)

Classification - Acceleration

©

Individual Data

Acceleration (m's‘z)
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Distance
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Figure 3. Individual data (top row) and global grand means with distribution and 95% credible interval estimates
from the expectation of the posterior predictive distribution (bottom row) for acceleration by both disability, panels

(A) and (B), and classification, panels (C) and (D).

distance whereby although SCI participants had
lower accelerations over the initial 0-5m distance,
the difference between them and participants with
other injuries decreased as the distance covered
increased. During the final 10-15m and 15-20m,
accelerations were similar between groups.

Classification

Both Fours and Fours showed similar velocities
and accelerations across all distances. There was
little effect of classification on either velocity or
acceleration.

Repeated sprint trial outcomes

The overall grand means and credible intervals
from the models for the fixed effects (i.e., without
including the random effects) for repeated sprint
times can be seen in Figure 4, in addition to
individual data and participant level linear smooths,
respectively, for both disability and classification
models. All parameters for both outcomes and both
disability and classification models are also shown
in Table 2.

On average, fixed effects in both models revealed
that sprint number had little impact on time.
However, it did interact with distance, revealing
greater increases in time for later sprints over
increasing distances. Sprint number had little
impact upon the initial 0-5m. Of course, trivially,
time increased as the distance covered increased.

Random effects in both models showed, similarly
to velocity in the sprint trials, that time variation
increased with increasing distance covered. Also,
the random effects correlations suggested that
those who were initially faster at the beginning of a
sprint, faster during certain sections of the sprint, or
faster during a given sprint number, were similarly
typically faster at all other distances and during all
other sprint numbers.

Disability - Both SCI and other disabilities showed
similar performances in the RS across all distances
and all sprint numbers. There was little effect of
disability on RS performance.

Classification - Both Fours and Fives showed
similar performances in the RS across all distances
and all sprint numbers. There was little effect of
classification on RS performance.

Blood lactate

The overall grand means and credible intervals
from the models for the fixed effects (i.e., without
including the random effects) for blood lactate can
be seen in Figure 5 in addition to individual data,
respectively, for both disability and classification
models. All parameters for both outcomes and both
disability and classification models are also shown
in Table 3. As might be expected, fixed effects in
both models revealed that blood lactate increased
from pre- to post-repeated sprint trials (see Time
terms in Table 3). Random intercepts also showed
some variation in baseline blood lactate levels.

Copyright: © 2025 by the authors. Licensee IUSCA, London, UK. This article is an 8
open access article distributed under the terms and conditions of the
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Table 2. Model parameter estimates for both fixed and random effects for repeated sprint trial times.
Time (seconds)

Model Term Estimate Lower 95% ClI Upper 95% CI
Disability Model
Fixed Effects
Intercept 2.29 2.16 2.43
Disability, 0.10 -0.10 0.31
Sprint Number 0.01 -0.01 0.03
Distance, ,,, 1.59 1.46 1.71
Distance, . 3.01 2.80 3.23
Distance,, ,,, 4.37 4.05 4.69
Disability:Sprint Number 0.00 -0.03 0.038
Disabilityy:Distance, . 0.02 -0.18 0.21
Disabilityy:Distance, . 0.01 -0.33 0.35
Disability,:Distance,, . -0.01 -0.51 0.49
Sprint Number:Distance, , 0.02 0.01 0.03
Sprint Number:Distance,, - 0.04 0.03 0.05
Sprint Number:Distance, . 0.07 0.05 0.08
Disabilityy.:Sprint Number:Distance, ,, . -0.01 -0.02 0.01
Disability.:Sprint Number:Distance, .. . -0.01 -0.03 0.01
Disability.:Sprint Number:Distance,, . -0.02 -0.04 0.00
Random Effects
o Intercept 0.18 0.12 0.28
o Sprint Number 0.02 0.02 0.04
o distance, 0.15 0.11 0.22
o distance,, .. 0.31 0.23 0.43
o distance,, ., 0.48 0.36 0.66
p Intercept:Sprint Number -0.24 -0.64 0.23
p Intercept:Distance, 0.41 -0.02 0.75
p Intercept:Distance,, ., . 0.38 -0.03 0.69
p Intercept:Distance, ., 0.35 -0.06 0.67
p Sprint Number:Distance,, 0.55 0.14 0.84
p Sprint Number:Distance, . - 0.62 0.28 0.85
o Sprint Number:Distance,, - 0.65 0.34 0.86
p Distance_ ,, :Distance, . 0.95 0.83 0.99
p Distance, ,, Distance,, ,, . 0.94 0.81 0.99
p Distance, . :Distance,, . 0.99 0.94 1.00
o Residual 0.12 0.11 0.13
Classification Model
Fixed Effects
Intercept 2.39 2.25 2.53
Classification, -0.12 -0.34 0.09
Sprint Number 0.00 -0.01 0.02
Distance, ., 1.60 1.47 1.72
Distance,, .. 3.01 2.79 3.238
Distance, ., 4.34 4.01 4.66
Classification,:Sprint Number 0.01 -0.02 0.04
Classification,:Distance, .. -0.01 -0.20 0.19

Creative Commons Attribution (CC BY) license (https:// creativecommons.org/licenses/by/ 4.0/).
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ers

Time (seconds)

Model Term Estimate Lower 95% ClI Upper 95% CI
Classification,:Distance, .. 0.02 -0.31 0.35
Classification,:Distance, . 0.07 -0.43 0.57
Sprint Number:Distance, , 0.01 0.00 0.03
Sprint Number:Distance, 0.03 0.02 0.05
Sprint Number:Distance, . 0.06 0.04 0.07
Classification,:Sprint Number:Distance, ,, . 0.00 -0.01 0.02
Classification,:Sprint Number:Distance, . 0.00 -0.01 0.02
Classification,:Sprint Number:Distance,, . 0.00 -0.01 0.02
Random Effects
o Intercept 0.19 0.12 0.30
o Sprint Number 0.02 0.02 0.03
o Distance, . 0.15 0.11 0.21
o Distance,, ., 0.31 0.23 0.42
o Distance,, ., 0.48 0.36 0.65
p Intercept:Sprint Number -0.16 -0.60 0.31
p Intercept:Distance, 0.40 -0.04 0.74
o Intercept:Distance,, .. . 0.35 -0.06 0.68
p Intercept:Distance,, . 0.33 -0.08 0.66
o Sprint Number:Distance, 0.57 0.14 0.84
p Sprint Number:Distance, . - 0.63 0.26 0.86
p Sprint Number:Distance, - 0.65 0.31 0.87
p Distance, ,, :Distance, . . 0.95 0.83 0.99
p Distance, ,, :Distance,, . 0.94 0.80 0.99
p Distance, . :Distance,, ... 0.99 0.94 1.00
o Residual 0.12 0.11 0.13

Note:
Cl = credible interval
Disability - Repeated Sprints Classification - Repeated Sprints
) Individual Data and Smooths © Individual Data and Smooths
o5m I s-1om || otsm | tsoom ] o5m |[ 5-10m | totsm | tsoom |
g4 = ====—==_ g4
TR R NRREET CntNumber | RRAeSTRR AT R R ot umber o RRAeRTRR
(B) Global grand mean and 95% credible interval (CI) (D) Global grand mean and 95% credible interval (Cl)
, o5m || 5-tom | 10-15m || ts2om | . o5m || 5-1om | 10-15m || 15-20m

12345678910 1234567891 12345678910 12345678910
Sprint Number

Disability Other scl

Model: Time ~ Disability * Sprint Number * Distance + (Sprint Number + Distance | ID)

1234567891 1234567891 12345678910 12345678910
Sprint Number

Classification 4 5

Model: Time ~ Classification * Sprint Number * Distance + (Sprint Number + Distance | ID)

Figure 4. Individual data with linear smooths by participant (top row) and global grand means with distribution and
95% credible interval estimates from the expectation of the posterior predictive distribution (bottom row) for repeated

sprint times by both disability, panels (A) and (B), and classification, panels (C) and (D).
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Table 3. Model parameter estimates for both fixed and random effects for blood lactate pre- and post-re-

peated sprint trials.

Blood lactate (mmol-L)

Model Term Estimate Lower 95% ClI Upper 95% CI
Disability Model
Fixed Effects
Intercept 2.57 1.02 413
Disability, -0.47 -2.84 1.91
Time 5.57 3.49 7.65
Disability,.: Time -0.40 -3.48 2.64
Random Effects
o Intercept 0.71 0.03 1.86
o Residual 2.19 1.64 2.92
Classification Model
Fixed Effects
Intercept 2.46 0.97 3.93
Classification, -0.19 -2.45 2.07
Time 4.49 2.52 6.48
Classification,:Time 2.05 -0.93 5.01
Random Effects
o Intercept 0.70 0.03 1.81
o Residual 2.09 1.57 2.81
Note:
Cl = credible interval
Disability Classification
A Global grand mean and 95% credible interval (CI) (8) Global grand mean and 95% credible interval (Cl)
Individual data also shown Individual data also shown
151 15
IZOI 104 ; 104
: % gy~
~ ~ P ®
2 fo) »
© O © e
© © 5 - -
° ko] e
N g r
m m
0 E
p;e pc;st p;e pc;st
Timepoint Timepoint

Disability ‘¢ other ' scli

Model: Lactate ~ Disability * Time + (1 | ID)

Classification '§ 4 4 s

Model: Lactate ~ Classification * Time + (1| ID)

Figure 5. Individual data (lines) and global grand means with distribution and 95% credible interval estimates from
the expectation of the posterior predictive distribution for blood lactate pre- and post-repeated sprint trials by both

disability, panel (A), and classification, panel (B).

Disability - There was little difference in average
blood lactate levels between those with SCI or other
disabilities, nor was there a clear interaction effect
suggesting both groups increased in blood lactate
similarly.

Classification - Fours and Fives also showed
similar average blood lactate levels. However, the
posterior estimates suggest an interaction effect of
classification upon either velocity or acceleration,
whereby the Fives tended to show a greater
increase in blood lactate levels post-repeated sprint

Copyright: © 2025 by the authors. Licensee IUSCA, London, UK. This article is an 1 1
open access article distributed under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https:// creativecommons.org/licenses/by/ 4.0/).
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trials.

DISCUSSION

The study aimed to investigate the differences
between WCR game formats during sprint and RS
field-based testing in a non-elite sample of athletes.
A secondary aim was to examine the differences in
SCI and Non-SCI WCR sprint and RS performance.
The main findings of this study are that there was
little difference in either sprint (Figures 2 & 3 and
Table S2 [https://osf.io/s4ptw]) or RS performance
(Figure 4 and Table S4 [https://osf.io/pwd]3])
between the players competing in the two different
game formats. When examining disability in the
sprints, participants with an SCI showed slower
accelerations and velocities across all distances
(Figures 2 & 3 and Table S3 [https://osf.io/pwd]3]).
However, it is worth noting that the acceleration
difference between participants with an SCI and
those without decreased progressively as the
distance covered increased as they neared their
respective max velocities (i.e., little acceleration
was occurring anyway). There was little difference in
performance between SCI and non-SCI participants
during the RS testing (Figure 4 and Table S4 [https://
osf.io/pwdj3]).

This is the first study investigating the sprint
and RS performance differences between WCR
formats. When the Fives format was created, a new
classification system was needed to differentiate
between the two formats. The Fives format opens
the sport to a more diverse group of participants
but has also resulted in an overlap between players
who can compete in both formats. Currently, players
competing in the Great Britain Wheelchair Rugby
(GBWR) Fives competition are classified on a self-
declaration basis, with the team coach deciding
which classification players best fit into [6]. Fours
players who are currently classified as 0.5-1.5 based
on the International Wheelchair Rugby Federation
(IWRF) guidelines are eligible to compete as 0.5
classified Fives, 2.0-3.5 IWRF are classified as 1.0
in Fives, and 4.0 IWRF compete as 1.5 classified
Fives players [6]. A player with impairment in both
lower limbs, one lower limb (unable to stand or
walk unassisted) or a pain-related impairment is
classified as 2.0, 3.0 and 4.0, respectively, in WCR
Fives [6]. In this study, six of the nine Fives players
would not be eligible to compete in the Fours format
(based on disability), and three would be classified
as 4.0 (highest function). Previous research has
identified differences in WCR rugby performance

between LP and HP players [1, 12, 15, 16], with
HP players achieving better acceleration and peak
velocity results [1, 15, 28]. We found little difference
between the sprint and RS performance of the
Fours and Fives in this current study. Most previous
research has been conducted with elite WCR rather
than recreational players. Therefore, these prior
results should not necessarily be generalised to
recreational players. It is also speculated that the
Fours players in this study have more experience
using their wheelchairs both in everyday living
and when playing sports, and therefore, although
overall, they may have less functionality than the
Fives players, they are more accustomed to using
their chairs and may have these customised to
optimise their own performance.

The results of this current study, in agreement with
previous research, found a clear difference in sprint
performance based on functional classification [1,
15, 28], with Non-SCI players demonstrating faster
velocities across all measured distances. These
differences have been proposed to be related to
the superior trunk function of higher-classification
players [1, 29]. Superior trunk function is suggested
to allow the higher classified players to apply
more hand-rim force, which is a prerequisite for
successful sprint performance [29]. In support of
this, Garcia-Fresneda et al. [5] found significant and
large associations between the mechanical outputs
during an initial maximum push-rim propulsion test
(single push on the wheelchair rim from a stationary
position) and mean acceleration, maximum
acceleration and 12m wheeling performance. The
relationship between force and power from the
test was also found to be significant and large with
maximum velocity over 12m [5]. Therefore, it is
proposed that the reduced trunk function of the SCI
WCR players in this study may have contributed to
the reduction in maximal velocity observed.

Acceleration is also considered one of the crucial
aspects of WCR [15] performance; therefore,
investigating the differences between SCI and Non-
SCI recreational WCR players is of interest. In this
current study, the players with an SCI were found to
have reduced acceleration profiles compared to the
Non-SCI players. When investigating acceleration
in elite WCR players Haydon et al. [9] found HP
players used a greater proportion of push through
their stroke than the LP, who used a great pull. This
was suggested to be due to HP having greater trunk
function, leading to an increase in release angle and
a decrease in stroke angle, resulting in increased
acceleration for the third stroke [9]. In a further

Copyright: © 2025 by the authors. Licensee IUSCA, London, UK. This article is an 1 2
open access article distributed under the terms and conditions of the
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study by Goosey-Tolfrey et al. [16], the authors
reported that HP players achieved faster sprint
times (~15%) over 29m compared to LP players.
This was attributed to the HP players achieving
higher peak power outputs, which resulted in
greater acceleration and, therefore, greater peak
velocities [16]. It should be noted, however, that the
high standard deviations reported show there was
considerable heterogeneity within the two groups,
with some LP players being faster than some HP
players [16]. This led Goosey-Tolfrey et al. [16] to
conclude that training status, technical experience,
wheelchair configuration, and total mass of the
wheelchair user may also contribute to differences
in sprint performance.

In this study, due to the recreational nature of the
players, not all of the participants had their own WCR
chairs, and some players were using club chairs,
which were not individualised to them, which may
have also affected performance. Previously, it has
been suggested that the wheelchair configuration
[29] and abdominal binding can significantly alter
some aspects of the WCR performance [17]. In
their study, West et al. [17] reported in athletes with
cervical SCI, the use of abdominal binding resulted
in a decrease in time to complete an acceleration/
deceleration test and an increase in distance
covered during a repeated four-minute push test.
The authors partially attributed these improvements
in WCR-related performance to improvements in
trunk stability [17]. It has also been reported that
athletes who adopt a deeper seating position have
reduced trunk range of motion on the first push and
display a more upright position during subsequent
pushes, reducing their ability to accelerate from
a standstill [29]. It is suggested that there is a
complex interplay between the player and the
wheelchair, which can influence performance [29,
30]. Thus, WCR players may benefit from having
their wheelchairs and personal equipment set up
individually optimised. However, while this level of
individualisation may be optimal for performance, it
is expensive and may be unrealistic for recreational
players who must buy their equipment.

As with the sprint test, there was little difference in
the RS performance between the Fours and Fives.
There was also little difference found between Non-
SCl and SCI players. The fastest average 20m times
of the recreational players in this current study
were slower than the times reported for unbound
Great Britain WCR players (10 x 20m) by West et
al. [17] (6.38 + 0.55s Vs 6.64 + 0.44s [Fives] and
6.64 + 0.70s [Non-SCl]). A further study by Gee et

al. [13] investigated RS in WCR players during an
international training camp. They reported that, on
average, the LP players took 7.93 = 0.83s and the
HP players 6.50 + 0.06s to complete the 20 x 20m
sprints. In this study, both the Fours and Fives (7.06
+ 0.87s and 7.09 = 0.62s, respectively) and SCI and
Non-SCI players (7.07 + 0.61s and 7.07 + 0.91s,
respectively) were faster than the LP players in Gee
et al. [13] study but slower than the HP players.
It should be noted that in this previous study, the
players completed 20 shuttles as opposed to 10
in this current study, but in agreement with that
study, there was a large range of times across all
distances due to the heterogeneity of the players
in this sample (Table S3). Regarding the lactate
values, the Fours and SCI (6.96 + 2.05mM and
7.30 + 2.41mM respectively) had lower peak
values, and the Fives and Non-SCI had similar
peak values (8.84 + 3.49mM and 8.16 + 3.21mM
respectively) compared to Gee et al. [13] (8.5 =
3.5mM). The lactate values Gee et al. [13] reported
during the RSs showed good agreement between
those experienced during gameplay. This led
them to conclude that good agreement between
physiological indices collected during RS testing
and gameplay may allow a RS test to be an effective
tool for monitoring changes in performance.
However, research is required in a recreational
sample to see if this relationship is replicated.

In agreement with Gee et al. [13] and Bakatchina
et al. [30], the players in this study had greater
increases in time for the later sprints over increasing
distances, additionally, in Bakatchina et al. [30]
study the authors found differences in the rate of
decline in performance over 6 x 20m RS between
LP and HP players. This was attributed to the HP
players having a higher physical capacity and, thus,
greater fatigue resistance. In contrast, we found
that both the SCI and Non-Sci players showed
similar performances in the RS across all distances
and all sprint numbers. This, the authors speculate,
may have resulted from Non-SCI players pacing
themselves during the RS as the average fastest
time to complete the three initial 20m trials was 6.38
+ 0.58s compared to 6.64 + 0.70s in the RS trials.
In summary, in this recreational sample, all groups
showed a decline in performance across the RS
trials, which can be attributed to fatigue. However,
there was no difference in performance based on
disability or game classification.
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LIMITATIONS AND FUTURE RESEARCH

The study had several limitations that have been
acknowledged; firstly, the sample size was
relatively small and covered a broad age range of
predominantly males. Additionally, there were more
Fives than Fours players in the study, with an overall
larger representation of the SCI impairment type. All
of those ranged from novice to experienced WCR
players using their wheelchair configurations, which
were not standardised. Future research should
investigate research on a larger sample size to
investigate game formats of non-elite players, as
well as the further specification of the subcategories
of impairments. There is also a need for additional
research examining the user interface with the
wheelchair and cost-effective solutions to optimise
personal equipment and the wheelchair. A final
recommendation would be for further research to
validate and assess the reliability of both sprint and
RS testing protocols for non-elite WCR players.

PRACTICAL APPLICATIONS

This work addresses a gap in the current literature
by investigating the sprint and RS performances
of recreational Fours and Fives and adds to the
literature comparing WCR players with and without
an SCI. For the first time, cross-sectional data on
sprint and RS performance in recreational Fours
and Fives WCR players is available to coaches
and players and could be used as a benchmark
against which to compare. Based on the results of
this study in this recreational sample, there appears
to be little difference in sprint and RS performance
between players in the two different game formats.
Therefore, it is suggested that there is no need to
run separate training sessions based on sprint and
RS ability alone. At a recreational level, this may be
desirable to ensure adequate numbers participate
in training sessions to make the sessions worthwhile
and competitive. This study provides an initial
insight into the differences between Fours and Fives
WCR players, which future studies can build on.
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