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Abstract

The study aimed to explore the influence of a sports-specific intermittent sprint
protocol (ISP) on wheelchair sprint performance and the kinetics and kinematics
of sprinting in elite wheelchair rugby (WR) players with and without spinal cord
injury (SCI). Fifteen international WR players (age 30.3 +5.5years) performed
two 10-s sprints on a dual roller wheelchair ergometer before and immediately
after an ISP consisting of four 16-min quarters. Physiological measurements
(heart rate, blood lactate concentration, and rating of perceived exertion) were
collected. Three-dimensional thorax and bilateral glenohumeral kinematics
were quantified. Following the ISP, all physiological parameters significantly
increased (p<0.027), but neither sprinting peak velocity nor distance traveled
changed. Players propelled with significantly reduced thorax flexion and peak
glenohumeral abduction during both the acceleration (both —5°) and maximal
velocity phases (—6° and 8°, respectively) of sprinting post-ISP. Moreover, players
exhibited significantly larger mean contact angles (+24°), contact angle asym-
metries (+4%), and glenohumeral flexion asymmetries (+10%) during the ac-
celeration phase of sprinting post-ISP. Players displayed greater glenohumeral
abduction range of motion (+17°) and asymmetries (+20%) during the maximal
velocity phase of sprinting post-ISP. Players with SCI (SCL, n=7) significantly in-
creased asymmetries in peak power (+6%) and glenohumeral abduction (+15%)
during the acceleration phase post-ISP. Our data indicates that despite inducing
physiological fatigue resulting from WR match play, players can maintain sprint
performance by modifying how they propel their wheelchair. Increased asymme-
try post-ISP was notable, which may be specific to impairment type and warrants
further investigation.

KEYWORDS

asymmetries, fatigue, upper-body kinematics, wheelchair sprinting

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2023 The Authors. Scandinavian Journal of Medicine & Science In Sports published by John Wiley & Sons Ltd.

Scand J Med Sci Sports. 2023;00:1-12.

wileyonlinelibrary.com/journal/sms

1


www.wileyonlinelibrary.com/journal/sms
https://orcid.org/0000-0001-6043-3607
https://orcid.org/0000-0002-4294-6086
mailto:
https://orcid.org/0000-0001-7203-4144
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:v.l.tolfrey@lboro.ac.uk
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fsms.14423&domain=pdf&date_stamp=2023-06-06

d—WI LEY

BRILEY ET AL.

1 | INTRODUCTION

Wheelchair rugby (WR) is a popular Paralympic team
sport originally developed for individuals with cervical
spinal cord injury (SCI), known as tetraplegia." However,
wheelchair users with non-SCI impairments such as limb
deficiency, neurological impairment (cerebral palsy), and
neuromuscular disorders are now eligible to compete.
The sport is characterized by frequent and intermittent
bouts of high speed and/or sprint propulsion relative to
impairment severity. Thus, the ability to accelerate rap-
idly and attain a high maximal velocity are key indicators
of WR performance.2 That said, these activities rely on
the small muscle mass of the upper limb, which impose
a large mechanical demand on the shoulder and coin-
cide with detrimental glenohumeral kinematics linked
to reduced subacromial space.”> WR match-play con-
sists of four 8-min quarters separated by 2, and 5min for
half time. When the ball is out of play, the game clock is
stopped exposing players to ~16-min of active propulsion
per quarter, with only short periods of recovery. Earlier
work by Sarro et al® noted both reduced distance traveled
and average velocities in the second half of WR match
play, indicating players may experience impaired sprint
performance, particularly toward the end of the game due
to fatigue. That said, the playing standards have changed
considerably, data were presented only as two halves of a
working clock of 66.8 min and only 8 players investigated.
In contrast, to more recent evidence” incorporating larger
cohorts of players (n=100) where no significant differ-
ence in activity profiles over the course of match play were
found. Thus, this topic warrants clarification.

The influence of fatigue on wheelchair propulsion bio-
mechanics has been investigated during both steady-state
and start-up propulsion at low speeds during daily wheel-
chair propulsion of experienced non-athletic individuals
with SCI and non-wheelchair users.”'® Wheelchair users
maintained prescribed submaximal speed and average
power output when fatigued by compensating with larger
push-rim contact angles and trunk forward flexion.”””
Moreover, during start-up propulsion in a fatigued state
reductions are evident in push-rim contact time resulting
in reduced applied forces."" These findings, suggest that
fatigue-induced alterations in propulsion biomechanics
are present'’ but may not be transferable to a sporting
context since the constraints of these aforementioned
studies were specific to the task of daily propulsion. It
is well-known that wheelchair propulsion biomechanics
vary according to speed and wheelchair design® and that
the underlying mechanisms of fatigue vary based on the
constraints of the task.'? Hence further work is warranted
to gain a thorough understanding of the biomechanical
alterations induced by WR match play.

Recent evidence suggests the biomechanical character-
istics of wheelchair sprinting in wheelchair sports athletes
are adaptable to varied task constraints and shoulder pain
thereby facilitating task performance (peak velocity and
distance traveled).” WR players with cervical SCI typically
have limited trunk function and display different physio-
logical responses to simulated WR activities to those with
non-SCI impairments.13 Thus, distinct biomechanical al-
terations may exist between these groups because of WR
match play and warrant investigation. WR players exhibit
asymmetries in both kinetics during sprinting'*"> and
shoulder kinematics during submaximal propulsion'® in
a non-fatigued state, highlighting the value of quantifying
asymmetries for sports performance and injury surveil-
lance. From a theoretical perspective, asymmetries indicate
the unequal distribution of forces. Thus, if simulated WR
match play negatively amplifies these asymmetries even
further, the uneven acute and chronic stress imposed by
wheelchair sprinting throughout a game may be substan-
tial. Therefore, the purpose of this study was to: (1) estab-
lish whether a sports-specific intermittent sprint protocol
(ISP) decreases wheelchair sprint performance; and (2)
examine alterations in the kinetic, joint kinematic, and the
asymmetries therein, during wheelchair sprinting in elite
WR players with or without SCI. It was hypothesized that
peak velocity and distance traveled during sprinting would
decrease and biomechanical modifications including re-
duced shoulder motion and greater kinetic and kinematic
asymmetries would be present following WR match play.

2 | MATERIALS AND METHODS

2.1 | Participants

Fifteenmaleinternational WRrugbyplayers(mean + stand-
ard deviation: age: 30.3+5.5years; body mass:
65.5+14.6kg; years competing in WR=7.8+3.9years)
volunteered to participate in this study. Participants pro-
vided written informed consent for the study which was
approved by the University's Ethical Advisory Committee.
To achieve a statistical power of 80% with an alpha cri-
terion level of 0.05 based on previous wheelchair sprint-
ing kinematic data,’ a minimum of 12 participants was
required (G*Power, 3.1.9.2). Players were divided into two
groups: Individuals with SCI (n=7, level=C5-C7 World
Wheelchair Rugby [WWR] classification range =0.5-2.0)
and those with non-SCI health conditions (n=28) includ-
ing double below-knee amputation (n=3), cerebral palsy
(n=1), Roberts syndrome (n=1), arthrogryposis multi-
plex congenita (AMC) (n=1), polyneuropathy (n=1) and
osteogenesis imperfecta type II (n=1), WWR classifica-
tion range=1.5-3.5.
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2.2 | Experimental protocol

Players were asked to refrain from strenuous exercise,
caffeine, and alcohol 24 h prior to their laboratory visit.
All trials were performed on a dual roller wheelchair er-
gometer (Lode Esseda, m988900), which simultaneously
collects spatio-temporal and kinetic parameters of wheel-
chair propulsion from each side and shows good agree-
ment with that of instrumented measurement wheels.'”
Players completed the test in their own individualized
rugby wheelchair used in training and competitions.
Dimensions ranged with chair mass 17.4+3.9kg; wheel
diameter 0.60+0.01m; rim diameter 0.54+0.02m and
wheelbase 0.74 +0.04 m.

Following a 10-min warm-up (consisting of self-
selected propulsion, dynamic stretching, 3-min bout of
submaximal propulsion and 2-min rest), two 10-s sprints
from a rolling start were completed (Figure 1), separated
by a 5-min rest. A rolling start of 1ms~" was employed
to minimize wheel slippage when propelling from a sta-
tionary position on the ergometer. Standardized verbal
encouragement was provided throughout to maximize
players' efforts during the sprint trials. These two sprints
were repeated immediately after completing a sports-
specific ISP, to examine propulsion following simulated
WR match-play (Figure 1).

The ISP protocol began with a further warm-up (16-
min) to replicate competitive match-play preparations
followed by the main protocol (73min in duration).® In
brief, this consisted of four 16-min quarters which incor-
porated prescribed propulsion speeds at various percent-
ages of participant's peak velocity (V;,,,) determined from
the pre-ISP sprint trials (Figure 1). Each quarter, play-
ers performed 11 blocks of very low speeds (<20% Vp..),

Intermittent Sprint Protocol (ISP)

low speeds (21%-50% V,,.x) and moderate speed (51%-
80% Vyax) propulsion, for 35, 30 and 25s, respectively.
Throughout each quarter, submaximal propulsion was
separated by 5 and 10s sprints representing high (81%-
95% Va) and very high speed (>95% V,,,,) propulsion.
Speed zones were distributed across each quarter to repli-
cate the interval nature of match-play and were based on
relative speed profiles of WR players during international
competitions.’

2.3 | Physiological and biomechanical
measurements

After each participant voided their bladder, body mass
was recorded to the nearest 0.1kg using a digital platform
scale (Detecto 6550 Wheelchair Scales). Before and imme-
diately after the ISP, a capillary blood sample was taken
from the earlobe to determine blood lactate concentration
(BLa) (Biosen C-line, EKF Diagnostics). Heart rate (HR)
(Polar Team?, Polar Electro Oy) was recorded continu-
ously throughout the testing session and was reported as
an average for pre-ISP and post-ISP sprints. Rating of per-
ceived exertion (RPE) was verbally reported immediately
following each sprint using Borg's 6-20 RPE scale.'®
Upper body kinematics were measured using a
10-camera Vicon motion analysis system (200 Hz: MX T40-
S, Vicon Motion Systems Limited) alongside ergometry
data during the Pre-ISP and Post-ISP protocols. Eighteen
retro-reflective markers (14 mm, B&L Engineering) were
placed on the anatomical landmarks of the trunk (seventh
cervical vertebrae, eighth thoracic vertebrae, incisura
jugularis and xiphoid process), and bilateral upper limbs
(medial and lateral epicondyle) of the players according
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FIGURE 1 Experimental procedure. Physiological data and biomechanical measurements of submaximal and sprint propulsion were

taken before and immediately after a wheelchair rugby specific intermittent sprint protocol (ISP). HR, heart rate; RPE, Rating of perceived

exertion; UL, Upper limb.
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to International Society of Biomechanics (ISB) recom-
mendations.'® Single markers were attached using sports
adhesive spray and double-sided hypoallergenic tape. A
four-marker cluster was placed on each upper arm using
strapping. The acromion marker cluster (AMC) method
was used to track scapular motion to enable the estima-
tion of glenohumeral kinematics.”® Previous work has es-
tablished the validity and reliability of the AMC method
for humeral elevation up to 90°***' and as a reliable
method during wheelchair propulsion.'® The Optimal
Common Shape Technique (OCST)** was used to account
for soft tissue artifacts of the upper arms during a bilateral
shoulder circumduction trial. In addition, glenohumeral
joint centres were determined by the Symmetrical Centre
of Rotation Estimation (SCoRE) method from the circum-
duction trial*® in accordance with previous wheelchair
sprinting research.’ Where possible, markers remained in
situ during the entire data collection and subject calibra-
tion were repeated Post-ISP.

2.4 | Data analysis

Sprint performance outcome parameters (peak veloc-
ity and total distance) and kinetic and kinematic data
were extracted for both groups during two phases of the
sprints, the acceleration phase represented by the first
three pushes and the maximal velocity phase which in-
cluded the propulsion cycle during which peak velocity
was reached and one cycle on either side>'* (see Figure 2
for an illustration and parameters calculated). The start
and end of each propulsion cycle was identified using an
ergometer roller torque cutoff of 1Nm based on previ-
ous studies.>'®> Custom written MATLAB scripts (Matlab
R2021a, The Mathworks Inc.) were used for all further
data processing and analysis. Spatio-temporal and kinetic
data derived from the dual roller wheelchair ergometer
included bilateral contact angles, peak forces, and peak
powers.>'® An eighth-order Butterworth filter with a cut-
off of 10Hz filtered force data. A fourth-order, low-pass
Butterworth filter with a cutoff frequency of 7 Hz filtered
motion analysis data. Filter cutoff frequencies were de-
termined by residual analysis and in line with previous
wheelchair sprinting research.>** The orientation of the
thorax (thorax to global) was calculated in accordance
with ISB recommendation'® and glenohumeral (humerus
to scapular) joint motion was determined using a ZXY
rotation sequence.? Discrete kinematic data selected for
analysis were peak angles and range of motion (ROM)
for thorax flexion, glenohumeral flexion, and abduc-
tion as these parameters have previously been associ-
ated with alterations with pain, propulsion speed, and
fatigue.>®?**” Inter-limb asymmetries were calculated for

the biomechanical parameters described above using the
symmetry index (SI) (Equation 1).141528 The SI reports
asymmetry as a percentage whereby, 0% denotes perfect
symmetry.

| Dom — NDom |
= X

100 1
Dom

SI

Note: SI=Symmetry index, Dom=Value from the
dominant limb, NDom=Value from the non-dominant
limb.

2.5 | Statistical analysis

All statistical analyses were performed using the
Statistical Package for Social Sciences (SPSS version 27,
IBM Corporation). Separate two-way mixed analyses of
variance were used to determine main effects for time
(Pre_ISP, Post_ISP), impairment (SCI, Non-SCI), and
a timexgroup interaction for each dependent variable.
Data normality, homogeneity of variance, and sphericity
were assessed by Shapiro-Wilk tests, Levene's test, and
Mauchly's test of sphericity, respectively. Differences in
how each group altered propulsion biomechanics parame-
ters over time were identified as significant (time x group)
interactions. The alpha level was set at p <0.05. For pa-
rameters that had a significant interaction effect post hoc
t-tests, with a Bonferroni correction, were performed for
each participant group to establish where differences oc-
curred. This enabled the change in propulsion biomechan-
ics to be evaluated for each impairment group separately
via paired t-tests. Independent ¢-tests examined group dif-
ferences at each time point. Effect sizes were calculated
using Partial eta squared (n?) for the ANOVA outputs and
Cohen's d was to determine the magnitude of the post hoc
effects, which were classified as small (d =0.2), moderate
(d=0.5) and large (d=0.8).%

3 | RESULTS

3.1 | Physiological and sprint
performance changes

Significant main effects for time (Post ISP-Pre ISP) in-
dicated that BLa, HR, and RPE increased post-ISP com-
pared to pre-ISP levels (Table 1). No significant main
effect for group or interaction effect was observed for
BLa, HR, and RPE. No significant main effect for time,
impairment, or interaction effect was observed for any
sprint performance outcome variable (V,,, or distance)
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FIGURE 2 Representative mean velocity, distance, and power (dominant limb and nondominant limb) data of the whole 10-s sprint

before the intermittent sprint protocol (Pre-ISP) and immediately following the ISP (Post-ISP). Highlighted view of the first three pushes

(Acceleration phase) and the maximal velocity phase analyzed in this study.

during the acceleration phase or maximal velocity phase
(Table 1).

3.2 | Propulsion biomechanical changes
Significant main effects for time (pre-ISP vs. post-
ISP) were identified for nine biomechanical param-
eters of sprinting (Tables 2 and 3). Post ISP, players
significantly reduced peak thorax flexion (p=0.016,
n*=0.373, mean change=-5.1°) and glenohumeral
(GH) abduction (p=0.001, #*=0.565, mean change
—5.1°) but increased contact angles (p<0.001,
n*=0.650, mean change —5.1°), contact angle asym-
metries (p=0.044, 172=O.277, mean change —5.1°),
and GH flexion asymmetries (p=0.041, 5°=0.283,
mean change=1.5°) during the acceleration phase of
sprinting. During the maximal velocity phase of sprint-
ing players reduced peak thorax flexion (p=0.003,
772=O.497, mean change=-5.8°) and GH abduction
(p=0.031, ;72 =0.311, mean change=-8.1°) but in-
creased GH abduction ROM (p = 0.007, 5> = 0.444, mean
change =16.9°) and abduction asymmetries (p =0.046,
n*=0.273, mean change 20.2%) following the ISP.

Significant main effects for impairment (Table 3)
showed players with non-SCI impairments displayed
greater GH peak abduction during both the post-ISP
acceleration phase and post-ISP max velocity phase of
sprinting than those with SCI (p=0.018, d =1.4, mean dif-
ference=12.1° and p=0.027, d =1.3, mean difference =6°,
respectively). Players with non-SCI displayed signifi-
cantly greater glenohumeral flexion ROM (p=0.029,
d=1.3, mean difference>10.9°) and abduction peak an-
gles (p=0.010, d=1.6, mean difference >8.1°) during the
pre-ISP and post-ISP maximal velocity phase of the sprint
than those with SCI.

Significant interaction effects (Tables 2 and 3) and pair-
wise comparisons revealed players with SCI significantly
increased asymmetries in both peak power (p=0.003,
d=1.9, mean change=6.9°) and GH abduction ROM
(p=0.009, d=1.5, mean change=15.1°) during the accel-
eration phase of sprinting post-ISP. However, neither pa-
rameter differed significantly in individuals with non-SCI
(p=0.152and p=0.785) for peak power and GH abduction
ROM asymmetries, respectively. The different patterns of
peak power and GH abduction asymmetries alterations
between two players (SCI and non-SCI) are clearly shown
in Figure 3.

4 | DISCUSSION

This novel study evaluated the ISP-induced physiologi-
cal changes as well as performance and biomechanical
alterations of wheelchair sprinting in elite WR players.
Contrary to the first study hypothesis players maintained
peak velocity and distance during wheelchair sprinting
post-ISP. In support of the second hypothesis, players dis-
played alterations in kinetics, joint kinematics, and asym-
metries of wheelchair sprinting following the ISP. Thus,
this work provides insights into WR rugby players’ wheel-
chair propulsion technique following simulated match
play to maintain sprint performance.

Players significantly increased blood lactate concentra-
tion, RPE, and HR following the ISP, indicating the devel-
opment of physiological fatigue. Yet, sprint performance
was not impaired. Specifically, all players reported a high
level of exertion (RPE >16) which was comparable to peak
values reported during WR match play.** Furthermore, the
increase in blood lactate values (pre- to post-ISP) exceeded
those reported by athletes with greater physical capac-
ity than the current study during wheelchair basketball
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TABLE 1 Physiological and wheelchair sprint performance changes following the intermittent sprint protocol (ISP) overall (n=15),

those with SCI (n="7) and non-SCI (n=_8). Data reported as mean(SD).

Variable Group Pre ISP
Physiological changes
Blood lactate Overall 1.35(0.54)
(mmoll™") SCI 1.31(0.53)
Non-SCI 1.39 (0.58)
RPE Overall 15(2)
SCI 15(2)
Non-SCI 15(2)
Heart rate (bmin™) Overall 116 (21)
SCI 113 (25)
Non-SCI 119 (17)
Sprint performance changes
Acceleration phase
Peak Vel.(ms™%) Overall 2.34(0.28)
SCI 2.19 (0.33)
Non-SCI 2.47(0.15)
Distance (m) Overall 2.1(0.5)
SCI 2.1(0.5)
Non-SCI 2.2(0.3)
Overall
Peak Vel. (ms™?) Overall 3.79 (0.62)
SCI 3.47 (0.65)
Non-SCI 4.07 (0.46)
Distance (m) Overall 41.4(9.3)
SCI 38.1(12.4)
Non-SCI 44.2 (4.7)

Note: Bold text indicates statistical significance p <0.05.
Abbreviations: Imp, Impairment; RPE, rating of perceived exertion.

match play.*! Given these significant physiological re-
sponses, the absence of sprint performance changes was
partially unexpected. High-intensity intermittent sports,
such as WR match play, have been associated with fatigue
development which is typically reflected in a functional
decline in the ability to express maximal force and power,
possibly impairing sprint performance.** Indeed, Sarro
et al. reported reductions in distance traveled and average
velocities in the second half of WR match play. However,
the current findings support more recent work from our
laboratory whereby activity profiles of elite WR players did
not change during match play” and repeated sprint ability
was maintained throughout simulated match play on an
ergometer."® One possible explanation for these findings is
the advancement of sports science support, training time,
and higher standard of playing nation, competition and
coaching compared to Sarro et al's® work in 2008. Thereby,

ANOVA

Post ISP Time Imp. Time X Imp.

5.43 (2.87) <0.001 0.174 0.088
4.22(2.22)

6.49 (3.07)

17 (2) 0.001 0.764 0.788
17(2)

17 (2)

132(21) 0.027 0.718 0.203
139 (24)

127 (18)

2.43 (0.39) 0.268 0.310 0.530
2.23 (0.41)

2.61(0.28)

2.2(0.6) 0.927 0.320 0.464
2.0 (0.6)

2.3(0.6)

3.79 (0.59) 0.991 0.087 0.227
3.54 (0.67)

4.00 (0.44)

42.3(8.5) 0.510 0.172 0.995
39.1(8.9)

45.2(7.6)

leading to better physical capabilities and propulsion skills
which facilitate players' ability to adapt to the demands of
WR match play and maintain performance.

During the acceleration phase of sprinting, players
propelled their wheelchairs with reduced peak thorax
flexion and glenohumeral abduction but utilized larger
contact angles, alongside greater contact angle asymme-
tries, and glenohumeral flexion asymmetries following
the ISP. These kinematic alterations are likely interre-
lated. Increasing contact angles can facilitate the high
push rim forces and power which are necessary to over-
come the inertia of the wheelchair-user and maximally
accelerate the wheel. Evidence suggests, wheelchair
athletes typically achieve these favorable technique al-
terations by increasing thorax flexion and to a lesser ex-
tent shoulder flexion during the acceleration phase of
sprinting when in an unfatigued state.>** Furthermore,
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FIGURE 3 Typical example of the different alterations in peak power and glenohumeral (GH) abduction asymmetries following the

intermittent sprint protocol (ISP) between two players (spinal cord injury [SCI] and non-spinal cord injury [Non-SCI] impairment). Power

and GH abduction over the dominant arm and non-dominant arm displayed over the first three propulsion cycles of the Pre-ISP and Post-

ISP sprint.

previous work investigating submaximal daily propul-
sion reported that individuals increased both trunk and
shoulder flexion and push rim forces when fatigued.®
In contrast, the current study suggests increases in con-
tact angle and the maintenance of propulsion forces
post ISP coincide with larger contact angle and gleno-
humeral flexion asymmetries during the acceleration
phase of sprinting. Thus, these alterations may reflect
a specific kinematic strategy to maintain acceleration
performance whereby WR players shift toward the dom-
inant hand to facilitate a larger contact angle to meet
the force/power expression demand of accelerating the
wheelchair.

During the maximal velocity phase of sprinting,
players exhibited lower peak thorax flexion and gleno-
humeral abduction but increased both the ROM and
asymmetries of glenohumeral abduction/adduction
following the ISP. The large number of biomechanical
alterations during both phases of sprinting alongside
the absence of changes in sprint performance follow-
ing the ISP, suggest that players can maintain the gross
features of sprinting but propel their wheelchair dif-
ferently. The decreased peak thorax flexion and gleno-
humeral abduction during the maximal velocity phase
were comparable alterations to that observed during the
acceleration phase. Previous studies indicate that lower
glenohumeral abduction may increase subacromial
space in which structures such as rotator cuff and biceps

tendon reside, potentially reducing acute stress on these
structures.>** This alteration is comparable with that
exhibited by athletes with greater shoulder pain during
sprinting® and aligns with the protective response hy-
pothesis.*® This theory proposes that during tasks that
may provoke painful/fatigue symptoms the nervous
system searches for movement patterns that are less
painful by constraining motion at the painful/fatigued
joint/area.’® Consequently, it appears WR players adapt
to physiological fatigue, induced by an ISP by reducing
shoulder abduction, thereby minimizing acute pain/
perceived threat of pain/fatigue at the shoulder during
sprinting. However, it should be noted that players did
not change either contact angle and glenohumeral flex-
ion asymmetries during the maximal velocity phase
instead became more asymmetrical in glenohumeral ab-
duction. This subtle alteration is likely due to the lower
forces and smaller contact angle requirements during
this phase of sprinting resulting from a higher wheel
velocity and coupling difficulties between the hand and
push-rim,’> meaning large asymmetrical technique ad-
justments are not required.

Regarding impairment-specific alterations, during
the acceleration phase of sprinting players with SCI sig-
nificantly increased asymmetries in both peak power
and glenohumeral abduction post ISP. Whereas these
parameters were not significantly altered in those with
non-SCI. Several explanations for this finding may exist.

85U8D7 SUOWWOD BA 1D 3ol dde 8U3 Aq pauRA0 318 S3[o11e YO ‘88N 4O S3|NJ J0j ARIGITBUIIUO AB]IM UO (SUO RIPUOD-PUR-SUIBYWI0D A8 | 1M Ale.q 1 [BU | JUO//SENY) SUORIPUD PUe SWS | 8U3 89S *[£202/90/7T] U0 A%eiqiT8ulluo AB|IM ‘B8 L AQ €2viT SWS/TTTT OT/I0P/ W00 A3 1M Ase.q 1 Bul|uo//:SAY WO papeojumoq ‘0 ‘8E80009T



BRILEY ET AL.

LI—WI LEY

The SCI group consisted of individuals with tetraplegia
(levels C7 to C5) who possess less muscle mass because
of impairment.’” As a result, SCI players may be suscep-
tible to earlier physiological fatigue leading to a greater
duration of the ISP performed with adjusted propulsion
biomechanics. Additionally, there are inherent differ-
ences in propulsion techniques between WR players
with SCI and non-SCI. For instance, high-point players
contact the push rim with the palm of their hands, while
low-point players are more likely to adopt a backhanded
technique and contact the push rim with the dorsum
of their hands." Thus, the use of the backhanded tech-
nique may be more susceptible to simulated match play
induced alterations to kinetic and kinematic of sprint-
ing. Finally, the lack of trunk function in the SCI group
may lead to athletes relying more on inter-limb asym-
metries to adapt wheelchair propulsion biomechanics.
It is widely known that during movement tasks, such
as wheelchair propulsion, individuals with low trunk
muscle strength often compensate for lack of trunk con-
trol by increasing the recruitment of shoulder and arm
musculature.3®% Contrary to this, we speculate that the
non-SCI group may possess a wider range of options to
achieve the movement task outcomes during the ISP.
This was reflected by the large inter-individual differ-
ences in biomechanical alterations within the non-SCI
group compared to those with SCI. Nevertheless, these
findings indicate the need for coaches and researchers
to consider players’ impairment type when monitoring
and developing sports propulsion skills under fatigue.

A notable finding of the current study was the
propensity for players to propel with larger kine-
matic asymmetries during sprinting following the ISP.
Greater kinematic asymmetry may unequally distrib-
ute the forces within the upper limbs thereby influenc-
ing chronic stress imposed by wheelchair propulsion.
However, little empirical data are available to support
this hypothesis. Although, recent evidence from our
laboratory suggests that WR athletes with SCI possessed
thicker supraspinatus tendons than those with non-SCI
thereby implicating differences in chronic tendon ad-
aptations between these groups.*’ Thus, the additional
asymmetrical alterations reported in those with SCI
compared to those without SCI may be one factor that
contributes to these tendon differences.** Alternatively,
increased asymmetries may be another aspect of the
wider strategy utilized by WR players to protect the
upper limb and maintain sprint performance following
an ISP. Furthermore, these findings may indicate that
each limb responds differently to physiological fatigue.
That said, it should be clarified that the cause and con-
sequence of these biomechanical alterations during
sprinting cannot be stated with confidence.

4.1 | Limitations

An assumption of this work was that the ISP could in-
duce fatigue resulting in a decline in forces generated by
shoulder muscles. However, changes in muscle activity
and/or strength were not assessed. Thus, no comment can
be made regarding ISP-induced neuromuscular fatigue.
Nevertheless, it should also be reiterated that the purpose
of this research was to investigate sprint performance and
biomechanical alterations following simulated WR match
play. Despite efforts made to minimize markers falling off,
unfortunately, due to excessive sweating in some players
some markers did become detached and fell the markers
fell off. Where this occurred the markers were replaced by
the same investigator who had originally positioned the
markers at the start of the protocol. Furthermore, the bi-
lateral circumduction and anatomical trials were repeated
post-ISP. Due to the use of glenohumeral kinematics
rather than humerothoracic angles, caution is necessary
when interpreting our findings. Although validated for
typical upper limb movements during wheelchair propul-
sion,* the accuracy of the AMC method for fast sporting
motions, such as wheelchair sprinting, remains unclear
and warrants further investigation. In accordance with the
wider literature the testing protocol examined propulsion
biomechanics before and immediately after the ISP with-
out quantifying any alterations during the ISP. Therefore,
further work is necessary that investigates sprinting bio-
mechanics throughout the ISP which would help estab-
lish if there is a pivotal period where sprint propulsion
biomechanics change during the ISP or whether changes
are gradual. Furthermore, the ISP was designed to reflect
an entire match on court. However, due to laboratory
constraints no ball handling and other technical skills rel-
evant to on court match play were performed. That said, a
strength of this study was that these biomechanical altera-
tions were observed despite the constraints of sprinting on
an ergometer. Finally, it should be noted that in competi-
tion for tactical purposes and if performance is deteriorat-
ing players would be substituted.

5 | PERSPECTIVES

Coaches, practitioners, and researchers should note that
despite physiological fatigue, induced by the total du-
ration of an ISP, elite WR players can maintain sprint
performance outcomes (peak velocity and distance) by
modifying how they propel their wheelchair. Overall,
players appear to reduce peak thorax and glenohumeral
abduction but increase kinetic and kinematic asym-
metries following simulated match play. Therefore,
WR practitioners should consider quantifying these
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biomechanical parameters when monitoring and
developing sports propulsion skills under fatigue.
Furthermore, given specific alterations in asymmetries
differ between impairment types and phases of sprint-
ing any applications of this work should account for a
player's impairment type.

ACKNOWLEDGEMENTS

Our appreciation is extended to the players who volun-
teered to participate in this study. All data was collected
at Loughborough University, UK and we would like to
thank both the Peter Harrison Foundation and the School
of Sport, Exercise and Health Sciences at Loughborough
University for funding this work.

CONFLICT OF INTEREST STATEMENT
There are no conflicts of interest associated with this
research.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are availa-
ble on reasonable request from the corresponding author.
The data are not publicly available due to privacy or ethi-
cal restrictions.

ORCID

Simon J. Briley (@ https://orcid.org/0000-0001-6043-3607
Riemer J. K. Vegter (© https://orcid.
org/0000-0002-4294-6086

Victoria L. Goosey-Tolfrey @ https://orcid.
org/0000-0001-7203-4144

REFERENCES

1. Wheelchair Rugby Federation I. International Wheelchair
Rugby Federation IWRF CLASSIFICATION RULES. 2021.

2. Rhodes JM, Mason BS, Perrat B, Smith MJ, Malone LA, Goosey-
Tolfrey VL. Activity profiles of elite wheelchair rugby players
during competition. Int J Sports Physiol Perform. 2015;10(3):318-
324. doi:10.1123/ijspp.2014-0203

3. BrileySJ, Vegter RJK, Goosey-Tolfrey VL, Mason BS. Alterations
in shoulder kinematics are associated with shoulder pain
during wheelchair propulsion sprints. Scand J Med Sci Sports.
2022;27:1213-1223. doi:10.1111/sms.14200

4. van Drongelen S, van der Woude LH, Janssen TW, Angenot
EL, Chadwick EK, Veeger DH. Mechanical load on the upper
extremity during wheelchair activities. Arch Phys Med Rehabil.
2005;86(6):1214-1220. doi:10.1016/j.apmr.2004.09.023

5. Rhodes JM, Mason BS, Paulson TAW, Goosey-Tolfrey VL. A
comparison of speed profiles during training and competition
in elite wheelchair Rugby players. Int J Sports Physiol Perform.
2017;12(6):777-782.  http://search.ebscohost.com/login.aspx?-
direct=true&db=s3h& AN=124789808&site=ehost-live

6. Sarro KJ, Misuta MS, Burkett B, Malone LA, Barros
RML. Tracking of wheelchair rugby players in the 2008

10.

11.

12.

13.

14.

15.

16.

17.

20.

demolition Derby final. J Sports Sci. 2010;28(2):193-200.
doi:10.1080/02640410903428541

Bossuyt FM, Arnet U, Cools A, et al. Compensation strate-
gies in response to fatiguing propulsion in wheelchair users:
implications for shoulder injury risk. Am J Phys Med Rehabil.
2020;99(2):91-98. doi:10.1097/PHM.0000000000001267
Rodgers MM, Gayle GW, Figoni SF, Kobayashi M, Lieh J, Glaser
RM. Biomechanics of wheelchair propulsion during fatigue.
Arch Phys Med Rehabil. 1994;75(1):85-93.

Rodgers MM, McQuade KJ, Rasch EK, Keyser RE, Finley MA.
Upper-limb fatigue-related joint power shifts in experienced
wheelchair users and nonwheelchair users. J Rehabilit Res Dev.
2003;40(1):27-37. doi:10.1682/jrrd.2003.01.0027

Qi L, Guan S, Zhang L, Liu HL, Sun CK, Ferguson-Pell M. The
effect of fatigue on wheelchair Users' upper limb muscle coor-
dination patterns in time-frequency and principal component
analysis. IEEE Trans Neural Syst Rehabil Eng. 2021;29:2096-
2102. doi:10.1109/TNSRE.2021.3119359

Bossuyt FM, Hogaboom NS, Worobey LA, Koontz AM, Arnet U,
Boninger ML. Start-up propulsion biomechanics changes with
fatiguing activity in persons with spinal cord injury. J Spinal
Cord Med. 2020;43(4):476-484. doi:10.1080/10790268.2019.158
2603

Cairns SP, Knicker AJ, Thompson MW, Sjogaard G. Evaluation
of models used to study neuromuscular fatigue. Exerc Sport Sci
Rev. 2005;33(1):9-16.

O'Brien TJ, Briley SJ, Mason BS, Leicht CA, Tolfrey K, Goosey-
Tolfrey VL. A high-intensity warm-up increases thermal strain
but does not affect repeated Sprint performance in athletes
with a cervical spinal cord injury. Int J Sports Physiol Perform.
2022;17(3):440-449. doi:10.1123/ijspp.2021-0073

Bakatchina S, Weissland T, Astier M, Pradon D, Faupin A.
Performance, asymmetry and biomechanical parameters in
wheelchair rugby players. Sports Biomech. 2021;1:1-14. d0i:10.1
080/14763141.2021.1898670

Goosey-Tolfrey VL, Vegter RJK, Mason BS, Paulson TAW,
Lenton JP. Sprint performance and propulsion asymmetries
on an ergometer in trained high- and low-point wheelchair
rugby players. Scand J Med Sci Sports. 2018;28(5):1586-1593.
http://search.ebscohost.com/login.aspx?direct=true&d-
b=s3h&AN=129210149&site=ehost-live

Mason BS, Vegter RJK, Paulson TAW, Morrissey D, van der
Scheer JW, Goosey-Tolfrey VL. Bilateral scapular kinematics,
asymmetries and shoulder pain in wheelchair athletes. Gait
Posture. 2018;65:151-156. doi:10.1016/].gaitpost.2018.07.170

de Klerk R, Vegter RJK, Veeger HEJ, van der Woude LHV.
Technical note: a novel servo-driven dual-roller Handrim
wheelchair ergometer. IEEE Trans Neural Syst Rehabil Eng.
2020;28(4):953-960. doi:10.1109/TNSRE.2020.2965281

Borg GA. Psychophysical bases of perceived ex-
ertion. Med Sci Sports Exerc. 1982;14(5):377-381.
doi:10.1249/00005768-198205000-00012

Wu G, van der Helm FCT, Veeger HEJ, et al. ISB recommen-
dation on definitions of joint coordinate systems of various
joints for the reporting of human joint motion--Part II: shoul-
der, elbow, wrist and hand. J Biomech. 2005;38(5):981-992.
doi:10.1016/J.JBIOMECH.2004.05.042

Warner MB, Chappell PH, Stokes MJ. Measurement of dy-
namic scapular kinematics using an acromion marker cluster

85U8D7 SUOWWOD BA 1D 3ol dde 8U3 Aq pauRA0 318 S3[o11e YO ‘88N 4O S3|NJ J0j ARIGITBUIIUO AB]IM UO (SUO RIPUOD-PUR-SUIBYWI0D A8 | 1M Ale.q 1 [BU | JUO//SENY) SUORIPUD PUe SWS | 8U3 89S *[£202/90/7T] U0 A%eiqiT8ulluo AB|IM ‘B8 L AQ €2viT SWS/TTTT OT/I0P/ W00 A3 1M Ase.q 1 Bul|uo//:SAY WO papeojumoq ‘0 ‘8E80009T


https://orcid.org/0000-0001-6043-3607
https://orcid.org/0000-0001-6043-3607
https://orcid.org/0000-0002-4294-6086
https://orcid.org/0000-0002-4294-6086
https://orcid.org/0000-0002-4294-6086
https://orcid.org/0000-0001-7203-4144
https://orcid.org/0000-0001-7203-4144
https://orcid.org/0000-0001-7203-4144
https://doi.org//10.1123/ijspp.2014-0203
https://doi.org//10.1111/sms.14200
https://doi.org//10.1016/j.apmr.2004.09.023
http://search.ebscohost.com/login.aspx?direct=true&db=s3h&AN=124789808&site=ehost-live
http://search.ebscohost.com/login.aspx?direct=true&db=s3h&AN=124789808&site=ehost-live
https://doi.org//10.1080/02640410903428541
https://doi.org//10.1097/PHM.0000000000001267
https://doi.org//10.1682/jrrd.2003.01.0027
https://doi.org//10.1109/TNSRE.2021.3119359
https://doi.org//10.1080/10790268.2019.1582603
https://doi.org//10.1080/10790268.2019.1582603
https://doi.org//10.1123/ijspp.2021-0073
https://doi.org//10.1080/14763141.2021.1898670
https://doi.org//10.1080/14763141.2021.1898670
http://search.ebscohost.com/login.aspx?direct=true&db=s3h&AN=129210149&site=ehost-live
http://search.ebscohost.com/login.aspx?direct=true&db=s3h&AN=129210149&site=ehost-live
https://doi.org//10.1016/j.gaitpost.2018.07.170
https://doi.org//10.1109/TNSRE.2020.2965281
https://doi.org//10.1249/00005768-198205000-00012
https://doi.org//10.1016/J.JBIOMECH.2004.05.042

il—Wl LEY

21.
22.
23.

24.

25.
26.
217.
28.
29.
30.
31.

32.

BRILEY ET AL.

to minimize skin movement artifact. J Vis Exp. 2015;96:1-14.
doi:10.3791/51717

Karduna AR, McClure PW, Michener LA, Sennett B. Dynamic
measurements of three-dimensional scapular kinemat-
ics: a validation study. J Biomech Eng. 2001;123(2):184-190.
doi:10.1115/1.1351892

Taylor WR, Ehrig RM, Duda GN, Schell H, Seebeck P, Heller
MO. On the influence of soft tissue coverage in the determi-
nation of bone kinematics using skin markers. J Orthop Res.
2005;23(4):726-734. doi:10.1016/j.orthres.2005.02.006

Ehrig RM, Taylor WR, Duda GN, Heller MO. A survey of
formal methods for determining the Centre of rotation of
ball joints. J Biomech. 2006;39(15):2798-2809. d0i:10.1016/j.
jbiomech.2005.10.002

Winter DA. Biomechanics and Motor Control of Human
Movement. John Wiley & Sons; 2009.

Kontaxis A, Cutti AG, Johnson GR, Veeger HEJ. A frame-
work for the definition of standardized protocols for measur-
ing upper-extremity kinematics. Clin Biomech (Bristol, Avon).
2009;24(3):246-253. doi:10.1016/j.clinbiomech.2008.12.009
Briley SJ, Vegter RJK, Goosey-Tolfrey VL, Mason BS. The longi-
tudinal relationship between shoulder pain and altered wheel-
chair propulsion biomechanics of manual wheelchair users. J
Biomech. 2021;126:126. d0i:10.1016/j.jbiomech.2021.110626
Rodgers MM, Keyser RE, Gardner ER, Russell PJ, Gorman PH.
Influence of trunk flexion on biomechanics of wheelchair pro-
pulsion. J Rehabil Res Dev. 2000;37(3):283-295. http://search.
ebscohost.com/login.aspx?direct=true&db=s3h&AN=10701
0495&site=ehost-live

Bakatchina S, Weissland T, Brassart F, et al. Influence of wheel-
chair type on kinematic parameters in wheelchair rugby. Front
Sports Act Living. 2022;4:861592. doi:10.3389/fspor.2022.861592
Cohen J. Statistical Power Analysis for the Behavioral Sciences.
Rev ed. Lawrence Erlbaum Associates Inc; 1977. http://
search.ebscohost.com/login.aspx?direct=true&db=psy-
h&AN=1987-98267-000&site=ehost-live

Griggs KE, Havenith G, Price M, Mason BS, Goosey-Tolfrey
VL. Thermoregulatory responses during competitive wheel-
chair Rugby match play. Int J Sports Med. 2017;38(3):177-183.
doi:10.1055/s-0042-121263

Iturricastillo A, Yanci J, Granados C. Neuromuscular re-
sponses and physiological changes during small-sided games
in wheelchair basketball. Adapt Phys Activ Q. 2018;35(1):20-35.
doi:10.1123/apaq.2016-0139

Rahnama N, Reilly T, Lees A, Graham-Smith P. Muscle
fatigue induced by exercise simulating the work rate of

33.

34.

35.

36.

37.

38.

39.

40.

competitive soccer. J Sports Sci. 2003;21(11):933-942.
doi:10.1080/0264041031000140428

Altmann VC, Hart AL, Vanlandewijck YC, van Limbeek J, van
Hooff ML. The impact of trunk impairment on performance of
wheelchair activities with a focus on wheelchair court sports: a
systematic review. Sports Med Open. 2015;1(1):22. doi:10.1186/
s40798-015-0013-0

Mozingo JD, Akbari-Shandiz M, Murthy NS, et al. Shoulder
mechanical impingement risk associated with manual
wheelchair tasks in individuals with spinal cord injury.
Clin Biomech (Bristol, Avon). 2020;71:221-229. doi:10.1016/j.
clinbiomech.2019.10.017

Zhao KD, van Straaten MG, Cloud BA, Morrow MM, An KN,
Ludewig PM. Scapulothoracic and glenohumeral kinematics
during daily tasks in users of manual wheelchairs. Front Bioeng
Biotechnol. 2015;3:1-10. doi:10.3389/fbioe.2015.00183

Hodges PW, Smeets RJ. Interaction between pain, movement,
and physical activity: short-term benefits, long-term conse-
quences, and targets for treatment. Clin J Pain. 2015;31(2):97-
107. doi:10.1097/AJP.0000000000000098

Janssen TW, van Oers CA, Hollander AP, Veeger HE, van der
Woude LH. Isometric strength, sprint power, and aerobic power
in individuals with a spinal cord injury. Med Sci Sports Exerc.
1993;25(7):863-870. d0i:10.1249/00005768-199307000-00016
Schantz PBMP. Movement and muscle activity pattern in wheel-
chair ambulation by persons with Para- and tetraplegia. Scand J
Rehabil Med. 1999;31(2):67-76. doi:10.1080/003655099444560
Altmann VC, Groen BE, Hart AL, Vanlandewijck YC, van
Limbeek J, Keijsers NLW. The impact of trunk impairment on
performance-determining activities in wheelchair rugby. Scand
J Med Sci Sports. 2017;27(9):1005-1014. doi:10.1111/sms.12720
Bossuyt FM, Mason BS, Briley S, et al. Shoulder tendon adap-
tations following a graded exercise test to exhaustion in highly
trained wheelchair Rugby athletes with different impairments.
Front Rehabil Sci. 2022;2:2. doi:10.3389/fresc.2021.755466

How to cite this article: Briley SJ, O’Brien TJ,
Oh Y-T, et al. Wheelchair rugby players maintain
sprint performance but alter propulsion
biomechanics after simulated match play. Scand J
Med Sci Sports. 2023;00:1-12. doi:10.1111/
sms.14423

85U8D7 SUOWWOD BA 1D 3ol dde 8U3 Aq pauRA0 318 S3[o11e YO ‘88N 4O S3|NJ J0j ARIGITBUIIUO AB]IM UO (SUO RIPUOD-PUR-SUIBYWI0D A8 | 1M Ale.q 1 [BU | JUO//SENY) SUORIPUD PUe SWS | 8U3 89S *[£202/90/7T] U0 A%eiqiT8ulluo AB|IM ‘B8 L AQ €2viT SWS/TTTT OT/I0P/ W00 A3 1M Ase.q 1 Bul|uo//:SAY WO papeojumoq ‘0 ‘8E80009T


https://doi.org//10.3791/51717
https://doi.org//10.1115/1.1351892
https://doi.org//10.1016/j.orthres.2005.02.006
https://doi.org//10.1016/j.jbiomech.2005.10.002
https://doi.org//10.1016/j.jbiomech.2005.10.002
https://doi.org//10.1016/j.clinbiomech.2008.12.009
https://doi.org//10.1016/j.jbiomech.2021.110626
http://search.ebscohost.com/login.aspx?direct=true&db=s3h&AN=107010495&site=ehost-live
http://search.ebscohost.com/login.aspx?direct=true&db=s3h&AN=107010495&site=ehost-live
http://search.ebscohost.com/login.aspx?direct=true&db=s3h&AN=107010495&site=ehost-live
https://doi.org//10.3389/fspor.2022.861592
http://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=1987-98267-000&site=ehost-live
http://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=1987-98267-000&site=ehost-live
http://search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=1987-98267-000&site=ehost-live
https://doi.org//10.1055/s-0042-121263
https://doi.org//10.1123/apaq.2016-0139
https://doi.org//10.1080/0264041031000140428
https://doi.org//10.1186/s40798-015-0013-0
https://doi.org//10.1186/s40798-015-0013-0
https://doi.org//10.1016/j.clinbiomech.2019.10.017
https://doi.org//10.1016/j.clinbiomech.2019.10.017
https://doi.org//10.3389/fbioe.2015.00183
https://doi.org//10.1097/AJP.0000000000000098
https://doi.org//10.1249/00005768-199307000-00016
https://doi.org//10.1080/003655099444560
https://doi.org//10.1111/sms.12720
https://doi.org//10.3389/fresc.2021.755466
https://doi.org/10.1111/sms.14423
https://doi.org/10.1111/sms.14423

	Wheelchair rugby players maintain sprint performance but alter propulsion biomechanics after simulated match play
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Participants
	2.2|Experimental protocol
	2.3|Physiological and biomechanical measurements
	2.4|Data analysis
	2.5|Statistical analysis

	3|RESULTS
	3.1|Physiological and sprint performance changes
	3.2|Propulsion biomechanical changes

	4|DISCUSSION
	4.1|Limitations

	5|PERSPECTIVES
	ACKNO​WLE​DGE​MENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


