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1 Initial Maximum Push-Rim Propulsion and Sprint Performance in Elite Wheelchair

2 Rugby Players

3

4

5  Abstract

6

7 Wheelchair rugby (WR) is an increasingly popular Paralympic sport; however, the

8 evidence base supporting the validity and reliability of field tests to assess the physical

9  condition of WR players is in its infancy. Therefore, here, we aimed to evaluate the
10  intrasession reliability of the initial maximum push-rim propulsion (IMPRP) test and the
11  sprint test, and to determine the relationships between IMPRP mechanical outputs and
12 sprint performance variables. We studied 16 Spanish WR players (aged 33 = 9 years).
13 The maximum single wheelchair push from a stationary position and the sprint
14 performance (i.e., times for 3, 5, and 12 m, and the maximum velocity) of elite WR
15  players were measured in this study. The intraclass correlation coefficient, coefficient of
16  variation, and standard error of measurement for IMPRP variables were >0.85, <10.6%,
17  and <16.76, respectively; the corresponding values for a linear sprint were >0.97, <3.50%,
18 and <0.15. In relation to IMPRP mechanical outputs (i.e., acceleration, maximum
19  acceleration, force, maximum force, power, and maximum power) and sprint
20  performance (i.e., times for 3, 5, and 12 m, and the maximum velocity), significant and
21  large associations were observed in the WR players (r + confidence limit =—0.78 + 0.17
22 to—0.90 = 0.11; 0/0/100, most likely; R? = 0.613-0.812; p < 0.001). These tests provide
23 simple and reliable methods for obtaining accurate mechanical pushing capacities and
24 sprint performances of WR competitors (the 61.4-80.1% variance in sprint performance
25  was explained by the IMPRP variables). These relationships indicate a need to implement
26  specific strength exercises in WR players with the aim of improving the IMPRP and
27  therefore improving sprint capacity.
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Introduction

Despite the growing interest in Paralympic sport, the evidence base supporting
wheelchair-based sporting performance is still in its infancy compared with that for able-
bodied sport (?!). Wheelchair rugby (WR) is a team sport for male and female athletes
(*6) with impairments that affect all 4 limbs: it is a mixed sport for quadriplegic athletes.
These include those with cervical spinal cord injuries, multiple amputations, polio,
cerebral palsy, and other neurological disorders (2%). Wheelchair rugby teams are formed
of 4 players (*°), whose total point score must not exceed 8 at any given time (all players
are classified in 7 groups based of their functional ability, ranging from 0.5 [most
impaired] to 3.5 [least impaired]). Wheelchair rugby is played on an indoor basketball
court (15 x 28 m) over 8-minute quarters using a “game-clock,” whereby the time is
stopped when a goal is scored or a fault is committed. Teams have 40 seconds to score a
goal once the ball has been inbounded and must advance past the half-way line within 12
seconds; otherwise, possession is conceded (?). The team scoring the most goals by the
end of the game is declared the winner (?).

In recent years, many studies have analyzed the internal load (%) and external load (1%26%)
of WR players using objective methods and have established that WR is a sport
characterized by intermittent, but frequent, high-intensity accelerations and decelerations
(??). Although the match requirements are increasingly understood in WR, little is known
of the physical condition of players. Along with factors such as athletic profile,
equipment, competitive environment, and interventions, understanding physical
condition is important for performance outcomes in wheelchair court sports (%).
Therefore, the physical condition of athletes has been widely studied in wheelchair team
sports, such as wheelchair basketball (WB) (>°1%). However, there are few studies of the
physical condition of WR players (1142°3%),

Sprint and strength capacity have previously been identified as key performance factors
in wheelchair sports (“+>1318). In WB, sprint capacity has been widely analyzed over 5,
12, and 20 m (>%%3). For example, de Witte et al. (°) analyzed sprint capacity during real
games by means of separate activities consisting of a 12-m sprint, a rotation with a curve
(circumference) of 12 m (clockwise/counterclockwise), and a turn on the spot
(clockwise/counterclockwise). However, in WR, although the size of the court is the same
as in WB, no studies have used the 12-m sprint time to measure physical fitness.
Specifically, in WR, the ability to accelerate quickly from standstill seems to be key to
reposition oneself before the opponent (*22); thus, push-rim propulsion is one of the
determining factors of performance in WR. Although there are reports of aerobic
capacity, sprint performance, and trunk strength (*142°%3) little is known of the upper-
limb kinematic parameters of push, strength, acceleration, and sprint performance (*22°).
The first-push parameters have been removed from every measurement of sample data,
thereby excluding the different kinematic parameters of initial maximum push-rim
propulsion (IMPRP), where large amounts of strength are required. To the best of our
knowledge, no study has analyzed the reliability of different devices (i.e., encoder and
radar) to determine these performance variables for players. Therefore, if we could
ascertain whether the IMPRP and sprint tests are reliable in WR players, they could be
used to provide useful information for coaches.

The relationship between strength and sprint capacity has been widely studied in able-
bodied team sports (*1?). However, in adapted sports, we are only aware of analyses in
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WB (331828 and WR (*). In WB, improved linear sprint was reported after resistance
(bench press) training (%®), and a moderate inverse relationship was reported for both
mean and maximum power (obtained in a Wingate test) compared with linear sprint
velocity (*¥). These relationships were confirmed in research showing that handgrip,
maximal pass, and medicine ball throw strength values were inversely correlated with the
time in the linear sprint (*3). In WR, a moderate inverse relationship was also shown
between impaired forward trunk muscle strength (N) and 1-m sprint performance
(seconds) (Y). However, little is known about the contribution of specific IMPRP
mechanical outputs (i.e., velocity, acceleration, force, and power) to linear sprint
performance in WR.

Therefore, the aim of this study was to report IMPRP and sprint performance in WR
players, in addition to evaluating the reliability (intrasession) of the IMPRP and 12-m
sprint wheeling tests. To assess the involvement of strength in sprint capacity, the final
aim was to determine the relationship between IMPRP mechanical outputs and sprint
performance variables.

Methods
Experimental Approach to the Problem

A descriptive study design was used to describe mechanical outputs during IMPRP,
which consisted of a maximal single wheelchair push from a stationary position, and
performance over a 12-m wheeling sprint among elite WR players. To assess the
reproducibility of the variables of interest from both IMPRP and 12-m wheeling sprint
tests, the intraclass correlation coefficient (ICC), coefficient of variation (CV), and SEM
were calculated. Moreover, to evaluate the association between IMPRP and 12-m
wheeling sprint performance, correlational analysis was performed between the variables
of interest.

Subjects

We included 16 Spanish WR players (age: 33 £ 9 years, body mass: 70 = 15 kg,
wheelchair mass: 16 + 2 kg, total mass: 87 + 15 kg, mean + SD, and time since injury: 13
+ 8 years) with 2 + 1 years' experience of WR training, who volunteered to participate.
All the participants belonged to the Spanish Sports Federation for People with Physical
Disabilities (FEDDF) and were classified in accordance with the Classification
Committee of the International Wheelchair Rugby Federation (IWRF) (Table 1). The
institutional research ethics committee of the Catalan Sports Council (No.
01 2017 _CEICGC) approved this study. All participants provided written informed
consent (in the case of 16-year-old players, their parents provided the written informed
consent as well), after a detailed written and oral explanation of the potential risks and
benefits resulting from participation, as outlined in the Declaration of Helsinki (2013).

Procedures

The battery of tests was performed during the national stage of the athletics season
(February, 2017). Testing was conducted during the first session of the stage; so, players
were instructed to refrain from strenuous exercise for 72 hours before testing and to avoid
smoking and drinking alcohol, tea, and coffee on the day of testing. After a standardized
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warm-up (°) of continuous wheeling, joint mobility, and dynamic upper-limb stretching
(pectoralis, latissimus dorsi, and deltoids; 6 repetitions each), players performed 3
progressive submaximal accelerations over 20 m (%) and also performed a specific 10-
minute warm-up for both the IMPRP test and the 12-m wheeling sprint test. Testing was
conducted with the participants using their personal sport wheelchair, including strapping,
gloves, and required adjustments. The IMPRP and 12-m wheeling sprint tests were
conducted on the basketball training court wooden surface. All the participants were
familiar with the tests, which consisted of standard WR actions.

Initial Maximum Push-Rim Propulsion

The IMPREP test consisted of a single push, as powerful as possible, on the wheelchair
rim from a stationary position and with a synchronous arm action (Figure 1A).
Participants performed 3 repetitions of the test with a 15-second passive recovery between
attempts, and they were verbally encouraged to perform each repetition maximally.
Mechanical output was monitored using a linear encoder (Chronojump Boscosystem,
Barcelona, Spain) (accuracy: 1 mm, sampling rate: 1,000 Hz) (*>?4). The tether of the
linear encoder was hooked to the horizontal axis between the push wheels (Figure 1B),
and the associated software (Chronojump v1.7.0.0) was configured to compute
measurements in a linear plane inclined at 0°. The total mass (player's mass plus the
wheelchair's mass) was fed into the Chronojump software and used to calculate the force.
Each IMPRP repetition ended when the force production decreased to 0. The attempt with
the highest maximum velocity was considered the best IMPRP repetition and used for
correlation analyses. Displacement and time data for each IMPRP attempt were recorded
and used to calculate mechanical outputs (e.g., mean and maximum velocity, acceleration,
force, and power).

12-m Wheeling Sprint

Each participant completed 2 sets of 12-m wheeling sprints at maximum speed, with a 5-
minute rest (1 minute of active recovery and 4 minutes of passive recovery) between sets.
At the beginning of each test, players took position at the start line with the front wheels
of the wheelchair on the line but with the trunk behind the line. After the starter gave a
starting signal using the words “when you want,” players were free to start pushing the
wheelchair forward, and they were verbally encouraged to perform each repetition
maximally. Times were recorded at 3, 5, and 12 m, and so was maximum velocity, in the
same sprint by radar (Stalker ATS I, Plano, TX, USA) at a sampling rate of 48 Hz. The
radar device was placed on a tripod 1.5 m behind the subjects at a height of 0.6 m,
coinciding with the players' backs. Each velocity (v) to time (t) curve for the 3-, 5-, and
12-m sprint test was fitted post hoc by a monoexponential function using least squares
regression:

After respective integration of v (t) (equation 1), the horizontal position (x) of the center
of mass of the body can be expressed as a function of time, as follows:

Each velocity-time curve was analyzed using the R Studio Software, v0.99.489 (R Studio,
Boston, MA, USA), and times at 3, 5, and 12 m were obtained from the modeled wheeling
velocity, as was the maximum velocity over 12 m. The best attempt (best time taken to
cover 12 m) was used for the correlation analysis.
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Statistical Analyses

Data analysis was performed using IBM SPSS for Windows, Version 20.0 (IBM Corp.,
Armonk, NY, USA). The data were screened for normality of the distribution, and
standard statistical methods were used to calculate the mean and SD. Reliability between
trials for each test was assessed by ICC, CV, and SEM. Intraclass correlation coefficient
values >0.90 were considered excellent, values 0.75-0.90 were considered good, and
values <0.75 were considered poor to moderate (%3). The SEM was calculated using the

following formula: SEM = SD-v/1—ICC. The relationships between variables were
assessed using Pearson's product-moment correlation (r) and the coefficient of
determination (R?). The following scale of magnitude was used to evaluate correlation
coefficients: <0.1, trivial; 0.1-0.3, small; 0.3-0.5, moderate; 0.5-0.7, large; 0.7-0.9, very
large; and 0.9-1.0, almost perfect (**). The CV for regression (V%) was derived by
regression and calculated as follows: ([Standard error of the estimate/mean of the
outcome measure] x 100) (3*). A p-value <0.05 was considered to indicate statistical
significance.

Results

Table 2 presents the mean results for the variables obtained by IMPRP and linear sprint
at 3, 5, and 12 m. Typical measured and modeled velocities are shown in Figure 2A as a
function of time, along with the exponential model (*) that accurately describes wheeling
velocities (Figure 2B). Moreover, typical measured mechanical outputs, including
velocity and acceleration, as well as force and power, are shown in Figures 3A, B,
respectively.

Regarding IMPRP mechanical outputs, the ICC, intra-CV, and SEM were calculated for
each variable: mean velocity (ICC = 0.58; CV = 9.7%; SEM = 0.1), maximum velocity
(ICC=0.91; CV =4.25%; SEM = 0.1), mean acceleration (ICC = 0.88; CV =9.2%; SEM
=0.14), maximum acceleration (ICC =0.94; CV =9.04%; SEM = 0.21), mean force (ICC
= 0.85; CV =9.69%; SEM = 15.23), maximum force (ICC = 0.96; CV = 8.5%; SEM =
16.76), mean power (ICC =0.90; CV =10.4%; SEM = 11.49), and maximum power (ICC
=0.93; CV =10.6%; SEM = 12.5).

Regarding linear sprint, the ICC, intra-CV, and SEM were as follows for each variable:
maximum velocity over 12 m (ICC = 0.99; CV = 2.13%; SEM = 0.07), and for split times
at 3m (ICC =0.97; CV = 3.50%; SEM = 0.12), 5 m (ICC = 0.99; CV = 2.05%; SEM =
0.08), and 12 m (ICC = 0.99; CV = 1.46%; SEM = 0.15).

The correlations between IMPRP mechanical outputs and sprint performance variables
are presented in Table 3. Significant and large associations were observed between
IMPRP mean acceleration, maximum acceleration, and 12-m wheeling sprint
performance (i.e., maximum velocity over 12 m and the times at 3, 5, and 12 m) in WR
players (r + confidence limit = —0.78 + 0.17 to —0.90 =+ 0.11; 0/0/100, most likely; R? =
0.613t0 0.812; p < 0.001). In addition, the relationships among IMPRP force and power
(i.e., mean and maximum) and 12-m sprint performance (i.e., maximum velocity over 12
m and times at 3, 5, and 12 m) were also significant and large (r £ confidence limit =
—0.78 £ 0.17 to —0.90 £ 0.11; 0/0/100, most likely; R? = 0.614 to 0.801; p < 0.001).

Discussion
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There have been a few studies of the aerobic capacity, sprint performance, and trunk
strength of WR players (}1429%3) but none assessing IMPRP and sprint performance using
a linear encoder and radar. In this study, we not only evaluated the reliability of the
IMPRP and sprint tests but also determined the relationship between IMPRP mechanical
outputs and sprint performance variables. The variables for IMPRP (i.e., mean and
maximum velocity, acceleration, force, and power) and wheeling sprint performance (i.e.,
maximum velocity over 12-m sprint and times at 3, 5, and 12 m) showed a high degree
of reliability and low SEM values for the outcome values. Furthermore, very large
correlations were observed between almost all the variables for the influence of IMPRP
mechanical outputs over 12-m sprint performance, indicating a strong association.

Although previous studies of WB have analyzed push-rim propulsion during accelerative
wheeling sprints over 12 m (*°), there are no comparable studies in WR analyzing the
mechanical outputs (i.e., mean and maximum velocity, acceleration, force, and power) of
IMPRP. We show that the IMPRP had good to excellent reliability (ICC = 0.58-0.94)
and low intra-CV (<9.7%) and SEM (<0.21) values for mean and maximum velocity and
acceleration. The mean and maximum registered force and power also had good to
excellent ICC values (ICC >0.85) but higher intra-CV (<10.6%) and SEM (<16.76)
values. However, the inter-CV values were probably high (>18.38%) because of the
influence of the different impairments and functional capacities of WR players (531).
Thus, because there is minimal information on the differences in IMPRP performance in
relation to the functional classification of the IWRF (°), more studies are necessary to
provide coaches and physical fitness trainers with knowledge, especially given that large
differences were previously reported in trunk strength (*) and the volume of activity
profiles during WR matches (?%). However, the IMPRP test we propose is a simple and
reliable method that offers accurate information on the mechanical outputs of WR
competitors' pushing capacities.

Recent studies have analyzed wheelchair linear sprints over different distances (*3%),
but only one has analyzed linear sprint in WR (). As expected, the performance of WR
players was less over both 5 m (3.18 £ 0.81 seconds vs. <2.4 £ 0.2 seconds) and 12 m
(6.02 + 1.46 seconds) than that of highly trained WB players in the sprint test (>813).
Regarding the reliability of the trials, we are not aware of any study that has analyzed
accelerative sprint in wheelchair sports by fitting the velocity-time curves as an
exponential function. As previously observed in studies of able-bodied athletes (), in
which subjects performed running acceleration over different distances, the exponential
function was used to describe the actual velocities. Our results show excellent ICCs for
maximum velocity over 12-m sprint and times at 3, 5, and 12 m (ICC = 0.97-1.00; intra-
CV =2.46-3.05%; SEM = 0.07-0.15). In WB, good to excellent ICCs have been reported
for wheeling sprint performance at 3, 5, and 10 m (ICC = 0.879-0.976) (°) with similar
results and good reproducibility values (0.80-0.84) reported for 5-m sprint tests (°) and
good and excellent ICC values (0.74-0.94) for endurance tests and change-of-direction
ability (). However, inter-CV values (23.3-31.40%) ultimately determined the
differences in performance among players, probably because of the different impairments
and functional capacities among WR players. The excellent ICC values and low intra-CV
and SEM values in this study for linear sprint times over 12 m could allow for study
without laboratory methods, thereby reducing time and financial costs during evaluations.
The influence of strength on sprint ability in wheelchair sports has been studied in WB
(131828) where the involvement of strength in sprint performance was large (r =—0.52 to
—0.77). However, strength was tested in one study through the bench press (without
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correlation analysis), the Wingate test (r = —0.52 and —0.56 for mean and maximum
power), and simple tests such as medicine ball maximal pass and handgrip (r = —0.54 to
—0.77, large) (**). By contrast, we used a more specific and ecologically valid test, which
showed large correlations between mean and maximal acceleration, force, and power, as
well as sprint performance (i.e., maximum velocity over a 12-m sprint and times at 3, 5,
and 12 m). Regarding the coefficient of determination, 61.4-80.1% (V% = 10.73—
32.34%) of variation in sprint performance could be explained by strength-related IMPRP
mechanical outputs. These correlations indicate the need to implement specific strength
exercises to help WR players improve their IMPRP. It might also be interesting to
determine the influence of strength in sprint performance related to functional
classifications, as has been done for WB (?°). Hence, more studies are necessary to
understand the IMPRP mechanical outputs in terms of functional classification and their
relationship to sprint performance. In general, athletes engaged in activities requiring less
physical capacity (low classification) adjust their wheelchairs to obtain a relatively low
seat height that allows for prolonged and more powerful pushes (*°).

The IMPRP and the 12-m wheeling sprint tests assessed in this study seem to be simple
and reliable methods that offer accurate mechanical output data for the pushing capacities
and sprint performances of WR players. Moreover, this is the first study to analyze the
relationship between initial pushing strength and sprint performance variables, showing
large correlations between IMPRP mechanical outputs and sprint performance variables.
However, other issues have remained unsolved, such as which are the muscle groups that
are most involved in initial pushing, so that they could be targeted to improve sprint
performance and push-specific strength capacity in WR players.

Practical Applications

The IMPRP and the 12-m sprint wheeling tests are cost-effective, practical, and reliable
tools for measuring the strength and speed of a given WR player. They are suitable for
use by any strength and conditioning professionals to monitor the physical fitness of their
players with a linear encoder and radar. In addition, the 61.4-80.1% variance in sprint
performance (i.e., maximum velocity over 12 m and times at 3, 5, and 12 m) was
explained by strength-related IMPRP mechanical outputs (i.e., mean and maximum force
and power). Consequently, these relationships indicate a need to implement specific
strength exercises in WR players, with the aim of improving the IMPRP and therefore
improving the sprint.
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Figure 1.: A) Placement of the linear encoder on the wheelchair. B) The tether of the
linear encoder was hooked to the horizontal axis between the push wheels.

Figure 2.: A) Velocity of and acceleration applied to the wheelchair during initial
maximum push-rim propulsion (IMPRP) by participant 10. B) Force, as a product of the
participant's total mass and acceleration, and power, as a product of force and velocity,
applied to the wheelchair during IMPRP.

Figure 3.: A) Actual (gray dot) and modeled (white dot) wheeling velocity (m-s™!) as a
function of time at the onset of a typical 12-m wheeling sprint for participant 10. Actual
wheeling velocity accurately fitted the exponential model (*). B) Wheeling velocity given
by the exponential model (*), as a function of the actual wheeling velocity. The linear
association, identity line, and 95% confidence interval (CI) are shown.
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