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Abstract

Purpose: To compare the effects of typical competition versus high-intensity intermittent
warm-up (WU) on thermoregulatory responses and repeated sprint performance during
wheelchair rugby (WR) gameplay. Methods: An intermittent sprint protocol (ISP) simulating
the demands of WR was performed by male WR players (7 with cervical spinal cord injury
(SCI) and 8 without SCI (NON-SCI)) following two WU protocols. These included a typical
competition WU (CON) and a WU consisting of high-intensity efforts (INT). Core temperature
(Tcore), thermal sensation and thermal comfort were recorded. Wheelchair performance
variables associated to power, speed, and fatigue were also calculated. Results: During the
WU, Teore was similar between conditions for both groups. During the ISP, a higher Tcore Was
found for SCI compared with NON-SCI (38.1+0.3 vs 37.7+0.3°C: p=0.036, d=0.75), and the
SCI group experienced a higher peak Tcore for INT compared with CON (39.0+0.4 vs 38.6+0.6;
p=0.004). Peak Tcore occurred later in the ISP for players with SCI (96+5.8 vs 48+2.7 min;
p<0.001). All players reported a higher thermal sensation and thermal comfort following INT
(»<0.001), with no differences between conditions throughout the ISP. No significant
differences were found in wheelchair performance variables during the ISP between conditions
(p=0.143). Conclusions: The high-intensity WU increased thermal strain in the SCI group
during the ISP, potentially due to increased metabolic heat production and impaired
thermoregulation, whilst not impacting on repeated sprint performance. It may be advisable to
limit high-intensity bouts during a WU in players with SCI to mitigate issues related to
hyperthermia in subsequent performance.

Key Words: Wheelchair Sport, Thermoregulation, Spinal Cord Injury, Intermittent-
sprint exercise, Paralympic Sport.
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Introduction

Wheelchair rugby (WR) is a Paralympic team sport played by individuals with a wide variety
of physical impairments.' Because of this, it implements a classification system to minimise
the impact of impairment on the outcome of competition.? WR has been described as an
intermittent sport characterised by prolonged periods of low-speed activity interspersed by
frequent, short bouts of high-speed activity, which differs according to classification.?
Differences in type and severity of impairment also affect physiological responses such as
oxygen consumption, heart rate, and blood lactate concentration during exercise and
competition.* It has been established that WR players with a cervical spinal cord injury (SCI)
experience a loss of temperature regulation making them susceptible to a heightened
thermoregulatory strain, with body core temperatures (Tcore) reaching >39°C during repeated
sprint performance and competition.® This is due to reduced afferent input to the
thermoregulatory centre and loss of both sweating capacity and vasomotor control below the
level of lesion.” Therefore, WR players with a SCI are at greater risk of thermal strain and
thermally induced fatigue than their NON-SCI counterparts, which, if not monitored, may have
serious consequences on both performance and health.®®

Active warm-up (WU) strategies are common practice by athletes as a pre-conditioning routine
to improve performance,” with many benefits attributed to temperature-related mechanisms,
e.g., increases in muscle temperature.'? To date, the benefits of WU strategies in relation to
performance have mainly been investigated in able-bodied athletes.!® Peak speed and the ability
to sustain intermittent high-intensity sprint performance are essential features of WR
performance.!! From the extensive able-bodied literature, increases in mean and peak power
outputs during kayak ergometry have been reported following a high-intensity WU strategy in
trained paddlers.'> Whilst a comparable study to consider, it is unknown whether these findings
would be seen in sports solely reliant on the upper-body musculature such as WR since the legs
and torso also contribute to the power achieved during paddling.!> Moreover, the above
findings'? were related to 500m with performances lasting 2 mins, WR is a game that comprises
of four quarters, with each quarter comprising of ~16 minutes of active playing time (with
stoppages).!!

It is well documented that following high-intensity WUs body temperature can significantly
increase,'* which may place athletes with impaired thermoregulatory capacity at increased
thermoregulatory risk.!> Further, increases in muscle lactate concentration and subsequent
decreases in muscle pH have been associated with fatigue during high-intensity activity.'® The
role of a WU on subsequent thermal strain or identifying an optimal WU to improve subsequent
performance have not yet been investigated with appropriate rigour in WR players. Both
Webborn et al.!” and Griggs et al.'® included a WU in their experimental designs, with a focus
on intermittent sprint protocol (ISP) in athletes with tetraplegia. However, the warm-up design
was self-selected and thus not standardised, precluding the isolation of WU effects per se on
thermal strain and performance. The current study aimed to address these shortcomings by
manipulating the WU to induce a level of hyperthermia. Hence, the purpose of this study was
to compare the effects of a typical competition versus a high-intensity WU on thermoregulatory
responses and repeated sprint performance variables during subsequent simulated WR
gameplay in players with and without cervical SCI.

Methods

Participants

Fifteen male WR players (age: 30.3 + 5.5 yrs; body mass: 65.3 £ 14.5 kg) volunteered to
participate in the main experimental protocol. They were divided into two groups according to
SCI status, seven players with SCI (C5-C7 complete, n=5, C6-C7 incomplete, n=2; IWRF
classification range of 0.5-2.0) and eight players without SCI (NON-SCI) (multiple limb
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amputation, n=3, cerebral palsy, n=1, Roberts syndrome, n=1, critical illness polyneuropathy,
n=1, and osteogenesis imperfecta, n=1, Arthrogryposis, n = 1; IWRF classification range of
1.5-3.5). Prior to participation all players provided written informed consent. The study was
approved by the local ethical advisory committee and conducted in accordance with the
Declaration of Helsinki.

Experimental Design

To establish the speed profiles of a typical pre-competition WU strategy adopted by a National
WR team, 12 individual players representing IWRF classes 0.5-3.5 were monitored twice
across a 2-day camp using an Indoor Tracking System sampling at 8 Hz (Ubisense, Cambridge,
UK) as previously described.!” The relative time spent in five pre-defined speed zones (Very
low = < 20% maximum speed; Low = 21-50% ; Moderate = 51-80%; High = 81-95%; Very
high = >95%) based on the percentage of peak speed from competition were obtained.’ Figure
1A and 1B illustrate the WU speed profile of one player, and the grouped mean WU speed
profiles during the training camp respectively.

*Insert Figure I here*

The activity profile data were used to inform two laboratory-based WU protocols that were
developed for implementation on a wheelchair ergometer (WERG: Lode B.V., Groningen, The
Netherlands). The control condition was based on the duration players spent in different speed
zones, replicating current WU practices (CON, Figure 2A). A modified WU with a high-
intensity element replacing the final 5 minutes of CON was also developed (INT; Figure 2B).
This closely replicated an upper body WU in able-bodied athletes which involved five 10s
sprints separated by 50s of submaximal effort at the speed at 50% maximal oxygen
consumption (VOzpeak).'> The submaximal propulsion speed in the current study was based on
the VO, — propulsion speed relationship which was taken from a previous visit to the laboratory
as part of players’ regular physiological screening.

Measurements

Prior to arrival at the laboratory (~8 hours), participants ingested a telemetry pill (HQ Inc,.
Palmetto, Florida), for continual measurement of Tcoe, in accordance with previous
recommendations.’’ Upon arrival to the laboratory, participants were asked to void their
bladder, and were weighed to the nearest 0.1 kg (Marsden Weighing Group Ltd, Henley- on-
Thames, UK) and fitted with four iButton thermistors (DS1922T, Maxim Integrated Products,
Inc., Sunnyvale, CA, USA), placed on the chest, bicep, thigh and calf on the right side of the
body for the measurement of skin temperature (Tsk) using the Ramanathan formula.?! During
all trials participants wore their typical training attire which included lightweight tracksuit
bottoms and a short sleeve top.

After instrumentation, players transferred to their own sports wheelchair which was secured to
a dual-roller WERG. An automatic calibration to account for body mass, chair mass and tyre
pressure was performed. Resistance was based on previously recorded coast down trials to
closely replicate wheelchair propulsion on an indoor court.?? Familiarisation with the WERG
(30 minutes before the start of the WU), consisted of 5 minutes of submaximal propulsion and
two maximal 10s sprints. Peak speeds during the sprints were used to identify propulsion
speeds based on pre-existing speed zone calculations,? for both WUs on an individual basis.
To enable inferences regarding practical significance, data from these familiarisation sprints
were used to derive the within-day reliability coefficients which was used to calculate the
smallest worthwhile change (SWC) in power output, specific to performance.?* Within-day CV
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for peak power, PPaye, and PPayes was 7.6%, 5.2%, and 6% respectively. The corresponding
ICC and SWC values were 0.97, 0.99, 0.97, and 8.7%, 5.9% and 6.9% respectively.

Each WU was conducted on separate days in a counter-balanced, randomised order and were
scheduled at the same time of day to account for circadian variation.?* Following each WU, an
ISP (Figure 2C) was completed by all players for analysis of thermoregulatory and repeated
sprint performance. Based on previous descriptions of WR activity profiles during
competition,>!! the ISP consisted of four ~16-minute quarters.?> Each quarter consisted of
wheelchair propulsion at different percentages of maximum speed, based on speed zones
previously described for the prescription of the WUs. Players performed bouts of 35-seconds,
30-seconds, and 20-seconds in the very-low, low, and moderate speed zones, respectively.
Eleven blocks of each speed zone were distributed across each quarter to replicate the interval
nature of an on-court game.’> Throughout the ISP, exercise at these speed zones was separated
by 5 s and 10 s sprints representing high- and very high-speed activity. Two 10-second sprints
were analysed for performance measures as described below. Testing was conducted in a
temperature-controlled laboratory (20.5 + 0.2°C, 52 + 8% RH) with at least 24 h between visits.
Players were asked to refrain from alcohol, caffeine, and strenuous exercise 24 h prior to each
condition.

*Insert Figure 2 here*

Heart rate (HR) (Polar Team?, Polar Electro Oy, Kempele, Finland) was recorded throughout
both protocols and was reported as a mean of the WU and subsequent quarters of the ISP.
Capillary blood samples were taken pre and post WU, pre Q1, post Q2 and at the end of the
ISP for the measurement of blood lactate concentration (Biosen C-line, EKF Diagnostics,
Barleben, Germany). Ad libitum fluid intake (water only) was measured and noted between
players’ arrival to the lab and finishing the exercise on visit 1 and replicated for visit 2. Thermal
sensation, thermal comfort, and rating of perceived exertion (RPE) were recorded at the
beginning and end of both WUs, the beginning of the ISP, and the end of each quarter. The
thermal sensation scale comprised of categories from 0 “unbearably cold” to 8 “unbearably
hot”.2® The thermal comfort scale ranged from 1 “comfortable” to 4 “very uncomfortable”.?’
MATLAB (Matlab R2017a, The Mathworks Inc, Natickm MA, USA) was used for
performance data processing?? including calculation of peak power, peak speed, push
frequency, average peak power per push throughout the 10 s sprint (PPavg), average peak power
per push for the first five pushes (PPaves) and fatigue index expressed as a percentage (using
the highest peak power per push and the lowest subsequent peak power per push ([peak —
minimum power]/peak power) x 100).

Statistical analyses

All data were analysed using the Statistical Package for Social Sciences (version 24; SPSS
Chicago, IL), where significance was accepted at p < 0.05. Normality of data was assessed
using the Shapiro-Wilk test. Where assumptions of sphericity were violated, a Greenhouse-
Geisser correction was applied. A 2 x 2 x 10 mixed measures ANOVA was used to compare
HR, blood lactate concentration, RPE, and repeated sprint performance measures across time,
where the between subject factor was impairment group with two levels, with two within
factors (time and condition). Linear mixed models (LMM) were used to compare Tcore and Tk
between the groups across CON and INT and over the duration of the WU and ISP. The LMM
included dependent fixed factors for condition and time; group was the independent fixed factor
and baseline temperature at pre-WU was included as a covariate. Statistical outcomes were
supplemented with absolute standardised paired effect sizes (Cohen d), with the magnitude of
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effect size classed as small (0.20), moderate (0.50) and large (0.80).2® Within-day reliability
of the wheelchair ergometer power measures was assessed using coefficient of variation (CV)
and intraclass correlation coefficient (ICC). One participant with SCI was withdrawn at the end
of Q3 during the ISP due to reaching the ethical cut off limit of Tcore (39.5°C) in both CON and
INT. All data are presented as mean = SD.

Results

Warm-Up

Significantly higher values for HR (p =0.001), RPE (p <0.001) and blood lactate concentration
(p <0.001) were found following INT compared to CON (Table 1). A lower HR in both CON
(» = 0.004) and INT (p = 0.017) WU conditions and a smaller change in blood lactate
concentration following INT (p = 0.024) were identified in SCI compared to NON-SCI. All
players reported a higher thermal sensation and thermal comfort following INT (p < 0.001),
with no between group differences (p = 0.507; Table 1). Immediately post WU, Tcore Was not
significantly different between groups (p = 0.274) or across conditions (p = 0.322).

*Insert Table 1 here*

Intermittent Sprint Protocol

No significant differences in HR (p > 0.131) were found between conditions, although HR
remained lower for SCI than NON-SCI throughout (p = 0.04). There were no differences
between conditions in blood lactate concentration throughout the ISP (p = 0.998), although
blood lactate concentration was higher in the NON-SCI group between Q1-Q3 (Table 2; p <
0.036). No significant differences were found between conditions for RPE, thermal sensation
or thermal comfort throughout the ISP (Table 2). Group differences were found during Q3 and
Q4, with SCI players reporting higher RPE (p = 0.009), thermal sensation (p = 0.042) and
thermal comfort (p <0.001) (Table 2).

*Insert Table 2 here*

A significant group by condition interaction of Tcore highlighted groups responding differently
to the WU conditions (p < 0.001) with a progressive increase in Tcore in both conditions across
the ISP in the SCI group, and a levelling off in NON-SCI. A significant three-way interaction
for group by condition by time was also reported (p = 0.042: Figure 3A).

The SCI group experienced a higher peak Tcore for INT compared with CON (39.0 £ 0.4 vs
38.6 £0.6; p =0.004; d = 0.78), whereas peak Tcore Was similar across the conditions in NON-
SCI (p = 0.770). Furthermore, peak Tcore Was higher in SCI (38.8 = 0.5 vs 37.9 £ 0.4°C; p =
0.001, d = 1.99: Figure 3B) and was reached at a significantly later stage of the ISP (96 + 5.8
vs 48 £ 27 min; p <0.001: Figure 3C) when compared with NON-SCI. In the NON-SCI group,
INT induced a more rapid increase to peak Tcore compared with CON (37 £ 34 vs 60 + 12 min)
with no differences in time to peak Tcore in the SCI group. A large, significant between group
difference in peak Tsk (p = 0.004; d = 1.2) was found, with NON-SCI exhibiting higher values
than SCI (33.5+ 1.4 vs 32.0 £ 0.6°C, respectively). All interactions for Ts were non-significant
(p =2 0.2606).

*Insert Figure 3 here*
Analysis of performance sprints for each quarter revealed a significantly lower peak power,

PPave, PPaygs, and peak speed in SCI compared with NON-SCI during both ISPs (Table 3; p <
0.026). However, these variables were not significantly influenced by WU (p > 0.143). The

6
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fatigue index was significantly higher in Q2, Q3 and Q4 following the INT compared to CON
in both groups (p < 0.024). The coefficient of variation for PP,y was 5.2%; therefore the SWC
was 5.9%.?® The changes in PPay, for sprint one between CON and INT for Q1 and Q2 did not
differ statistically between conditions (p = 0.33), yet six players exceeded the SWC following
INT during the first sprint of Q1 (five out of eight NON-SCI, and one out of seven SCI).

*Insert Table 3 here*

Discussion

This is the first study to address whether a high-intensity WU enhanced repeated sprint
performance at the expense of increased thermal strain in WR players with and without SCI.
Our findings revealed that a WU involving high-intensity propulsion significantly elevated
Teore during subsequent performance in SCI players, however it had no significant bearing on
repeated sprint performance, a finding that was independent of players’ SCI status. Players
with an SCI experienced a greater peak Tcore and time to reach peak Tcore compared to NON-
SCI players. That said, during the first quarter following a high-intensity WU, positive
performance benefits were evident, with five NON-SCI players improving their PPay; to a
greater extent than the SWC, with no change in thermoregulatory responses.

It was evident that the current WU strategy (CON) resulted in relatively low overall
physiological demands. Players spent 77% of their time in very low to low intensity speed
zones, reported an RPE of 11 (light), and no change in blood lactate concentration was
observed. That said, these WU characteristics are representative of typical WR game play® and
are similar to the physiological responses reported elsewhere following a WU in WR players.’
Conversely, the high-intensity intervention WU that was investigated in the current study
induced a significant increase in HR, blood lactate concentration and RPE (16 — hard/very
hard), suggesting that, as intended, the WU was more challenging physiologically. Moreover,
physiological differences during both WU strategies in the SCI group compared to NON-SCI
were noted and are consistent with previous literature.*!%2>

To the authors’ knowledge, no previous study has looked at the thermoregulatory effects of the
WU within an experimental design of wheelchair athletes. In the present study, albeit a small
increase, both WU strategies increased Tcore at a group level (~0.4°C) but did not differ between
conditions prior to the ISP. Interestingly, the WU elicited a slightly lower Tcore change than
reported elsewhere following an on-court WU in SCI and NON-SCI WR players,*® yet
descriptions of this WU were not provided, making comparisons difficult. Following the high-
intensity WU, players reported a higher thermal sensation and reductions in thermal comfort
in both SCI and NON-SCI groups prior to the start of the ISP. Further differences were found
during Q3 and Q4 of the ISP, where SCI players reported a greater thermal sensation than
NON-SCI. Whilst this is contrasting previous literature,?° it may be partly explained by their
higher Tcore values at these time points. It has previously been shown that changes in
thermophysiological variables and the associated thermal perceptions influence the voluntary
selection of exercise intensity,”” and are significantly associated to changes in cognitive
performance.’’ However, we found no changes in repeated sprint performance, and despite one
athlete within the SCI group being withdrawn due to reaching the ethical cut off limit of 39.5°C,
no adverse events were reported. This contrasts with the findings of Griggs et al.!® who
commented that one player displayed difficulties with decision making when they reached a
Teore >39.5°C. When Teore >39°C, hyperthermia induced fatigue has the potential to decrease
repeated sprint performance in able-bodied individuals.®3! Contrasting to this, the lack of
change in repeated sprint performance reported in the present study may suggest substantial

7
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fatigue was not present during the ISP. This is consistent with previous indoor tracking data
that has found activity profiles do not deviate across the duration of a full match,® such that
match play is likely not significantly influenced by fatigue and therefore may explain the reason
we did not find any significant reductions in repeated sprint performance.

Our findings are comparable to previous literature reporting a greater Tcore at the end of WR
gameplay in players with a SCI,** with a continual rise in Tcore throughout both conditions
(Figure 3A). A lower metabolic heat production compared to NON-SCI has been reported in
WR players with SCI during gameplay.?® However, players with a SCI are unable to dissipate
most of the heat produced by exercise through evaporative heat loss mechanisms.” This is
primarily due to loss of sweating capacity below the lesion level,’ leading to a progressive rise
in Teore.'® Further, a loss of vasomotor control in persons with a SCI may lead to limited
peripheral heat storage and impaired convective heat flow, which is suggested in the little
change in thigh and calf Ts..!* , Our findings suggest a WU per se may increase thermal strain
in SCI during a subsequent ISP, as Tcore Was found to be slightly elevated following both warm-
up strategies. This is supported by a lower Tk in the SCI group, and a significantly greater peak
Teore following INT (~0.5°C).

It has previously been suggested that measurement of Tcore using an ingestible telemetric
capsule may be less sensitive to changes in Teore in the early onset of exercise (~15 minutes).*?
This may partly explain why the increase in Tcore following the warm-ups was fairly modest.
Despite this, as Tcore continually increased throughout INT, it may be advisable to apply cooling
strategies following warm-ups to delay Tcore rises to critical levels during subsequent
performance in SCI. Given the value and practicality of performing a warm-up as a whole team,
this approach may be preferrable to instructing players with SCI to limit high-intensity
activities during the warm-up to avoid excessive metabolic heat production. This is particularly
important as high intensity bouts may help with sprinting ability during subsequent
performance.!? Indeed, five of eight NON-SCI players, and one of seven SCI players
experienced a meaningful increase in PPayg during the first sprint of Q1 following INT. Such
warm-ups need to be carefully balanced, as increases in muscle lactate concentration and
subsequent decreases in muscle pH have been associated with fatigue during high-intensity
activity.!® Further, reductions in repeated sprinting ability have been noted from a simultaneous
increase in core- and muscle temperature.'* With regards to our own data, the observed increase
in blood lactate concentration following INT in both groups suggests a greater anaerobic
contribution, and a further potential source for peripheral muscle fatigue, even though INT did
not have a negative impact on sprinting ability in the present study.

It should be recognised that no cooling strategies were administered throughout the protocol.
Indeed, alternative strategies such as pre-cooling have also been investigated in this
population.”® A combination of ice vests used throughout a WU, and water sprays throughout
simulated match play have been shown as an effective way of reducing thermal strain
throughout a subsequent ISP in WR players with SCI (reductions of ~0.6°C Tcore)>> The current
results highlight the need to consider pre-cooling as part of a pre-game routine due to the
influence of WU intensity on thermal strain, especially when the WU intensity is high. It is
likely that pre-cooling would offset time to reach peak Tcore experienced by SCI players
following a WU of higher intensity, with future research needed investigating the combination
of pre-cooling and WU strategies in WR players. It must also be noted that participants were
not exposed to any airflow during this study, as all exercise was performed stationary on a
WERG. During on-court activities, players would be exposed to a degree of airflow, which
may impact thermoregulatory parameters and thermal perceptions, presenting a limitation to
the present study. Nevertheless, the lower mean speeds attributed to SCI players and thus lower
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airflow on court, would have caused significantly lower dissipation of heat through convective
and evaporative heat loss mechanisms for SCI compared to NON-SCI,?° and would only have
pronounced the group differences found in the current study.

1614

Future research could benefit from exploring the subjective perceptions of different WU
strategies and how they may relate to readiness to perform prior to training and competition.
As a final remark, the intensity of INT was based on the rationale that a high-intensity WU
improves performance in AB athletes.!? This finding was only partly replicated in the studied
cohort of wheelchair rugby players. In addition to impaired thermoregulation, the reduced
active muscle mass* and the associated increase in muscle fatigability in SCI** may further
contribute.

Practical Applications

e Performing a high intensity WU increases thermal strain in SCI players during subsequent
simulated gameplay. Therefore, careful consideration is needed when selecting WU
intensities for players across the IWRF classes.

e A high-intensity WU provides no additional repeated sprint performance benefit for SCI
players. However, for some NON-SCI players an increase in power output may be
observed during the first quarter.

e In practice, it may be advisable to consider the use of cooling strategies during or after a
warm-up to mitigate issues related to hyperthermia in subsequent performance in SCI.

Conclusions

A high-intensity WU increased thermal strain in WR players with SCI during subsequent
performance, specifically peak Tcore, With this peak occurring at the same time following both
CON and INT. Further, a high-intensity WU may heighten thermal perceptions in players with
a SCI during the second half of subsequent game play. Despite differences in Tcore during the
ISP, no changes in repeated sprint performance were found. Finally, a high-intensity WU may
be more appropriate for NON-SCI players since five out of eight players in this group exceeded
the SWC in PPays during Q1.
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Figure Captions

Figure 1. A) example speed trace obtained from tracking of one player during a training camp
warm-up that simulated a competition warm-up; B) percentage time spent in relevant speed
zones and mean speed profiles from grouped warm-up data collected over a two-day national
training camp (n = 12).

Figure 2. A) generated trace of CON warm-up including intensity speed zones based on Figure
1A; B) the trace of INT warm-up including intensity speed zones; C) the timeline including
familiarisation, warm-up, and subsequent intermittent sprint protocol. NOTE: BLa = Capillary
blood sample; TS = thermal sensation; TC = thermal comfort.

Figure 3. A) core temperature from the start of the warm-up to the end of the protocol for
SCI and NON-SCI players; B) peak core temperature for SCI and NON-SCI; C) time to peak
core temperature for SCI and NON-SCI. Data are presented as mean = SD. *denotes
significant difference between groups, *denotes significant difference between conditions (p
< 0.05). For SCI, all time points (n = 7), apart from final two time points (n = 6).
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Table 1. Physiological and perceptual responses to each warm-up condition.

All SCI NON-SCI

CON INT CON INT CON INT

Average Heart rate (b-min™!) 94+ 15 107 £19*  83+13% 95+ 12%* 103+9 118+ 18*
Blood lactate (mmol-1™)

Start 1.5+£0.7 14+05 1.2 +0.4" 1.1£03 1.9 +0.8" 1.6£0.6

End 1.9+41.0 55+29*% 14+03% 38+1.1*¥" 23+1.1% 7.0+1.3%7

Change 03+06 4.1+£25* 02+03 26+1.0%* 04+09 54+27*
RPE 1142 16 + 2% 1242 16 + 1* 1141 16 + 2%
Thermal sensation 45+£0.8 5.7+1.2% 43+0.9 5.6+ 1.2% 46+0.7 5.8+ 1.2%
Thermal comfort 1.1+04 2.0+£0.8% 1.0+0.0 1.6 +0.8* 1.3+0.5 2.44+0.7*

Data are presented as mean + SD.

CON, control; INT, high intensity warm-up; RPE, rating of perceived exertion; SCI, spinal cord injury.
*significantly different to CON (p < 0.05). *significant difference between SCI and NON-SCI group (p < 0.05).
Tsignificantly different to WU start (p < 0.05).
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Table 2. Physiological and perceptual data from the intermittent sprint protocol (ISP).

Ql Q2 Q3 Q4
SCI NON-SCI SCI NON-SCI SCI NON-SCI SCI NON-SCI

Average Heart Rate

(b-min)
CON 95+12% 120+12 103+£17% 126+13 104+17F 126+14 105+18" 128+ 14
INT 101+18 133+16 107+18 134+13  119+33 134+15 122+26 134+13
Blood lactate
(mmol-1")*
CON 27+0.8 49+25 26+1.1" 50+3.1 26+09" 52+31 26+1.0 48+26
INT 24+08 60+39 24410 52+34 26+09 47+27 28+1.0 41+23
RPE*
CON 14+2 14+1 16+2 15+1 17 + 2* 16+1 18 + 17 16+1
INT 15+2 15+2 16+2 15+2 17+1 16+2 17+1 16+2

Thermal Sensation*
CON 53410 54+08 6.0+08 55+08 64+1.0° 59+06 67+09° 58+0.8
INT 58+10 59+09 6.1+14 59+07 66+12 57+08 68+1.1 6.1+0.7
Thermal Comfort*
CON 17+05 16+05 26+05 18407 29+0.7% 18+07 3.1+09% 19+0.8
INT 21+09 21+06 26+10 21+04 30+08 20+08 3.1+11 21+038

Data are presented as mean + SD.

CON, control; INT, high intensity warm-up; RPE, rating of perceived exertion; SCI, Spinal Cord Injury; Q, quarter.
*significant difference between SCI and NON-SCI; p < 0.05.

*significant group x time interaction effect; p < 0.05
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Table 3. Performance data measured during the intermittent sprint protocol (ISP).

Q3 Q4
SCI NON-SCI SCI NON-SCI SCI NON-SCI SCI NON-SCI
Peak speed (m-s™)
CON  35+06" 41+05 3.6+06" 4.1+05 3.6+0.6° 4.1+0.5 3.6+0.6° 42+06
INT 3.2+0.7 40+0.5 3.3+0.6 4.0+0.5 3.3+0.7 41+0.6 34+0.7 41+0.5
Peak power (W)
CON  323+162% 524+235 325+159% 511+216 311+138% 523+203 337+ 144" 543 +£253
INT 304+ 166 512+186  311+159 513+192  321+163 531+£227 320+161 533+219
PP.ye (W)
CON 276+ 128% 408+158 281+126" 403+156 273+116" 411+153 286+ 118" 421+177
INT 268+ 133  396+135 280+131 403+144 282+134 413+158 283+132 416+ 160
PPayes (W)
CON 249+ 114*% 367+144 258+126" 376+157 252+108% 380+143 263 +119" 394+ 158
INT 191+62  344+113 198+58  350+124  198+65 391+135 195+59  384+134
Fatigue index (%)
CON 29+ 8 37+13 29+ 117 37+12 25+ 10 36+ 13 32 + 6" 38+ 10
INT 2849 34+ 15 23410 36+ 10 31+16 38+ 11 1949 41+ 10

Data are presented as mean + SD.
CON, control; INT, high intensity warm-up; SCI, Spinal Cord Injury; Q, quarter; PPayg, average peak power per push throughout 10 s sprint;

PPavgs, average peak power per push for the first five pushes.

*significantly different to CON (p < 0.05). *significant difference between SCI and NON-SCI (p < 0.05).
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Figure 1. A) example speed trace obtained from tracking of one player during a training camp warm-up that simulated a competition warm-up;
B) percentage time spent in relevant speed zones and mean speed profiles from grouped warm-up data collected over a two-day national training

camp (n=12).
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Figure 2. A) generated trace of CON warm-up including intensity speed zones based on Figure 1A; B) the trace of INT warm-up including

intensity speed zones; C) the timeline including familiarisation, warm-up, and subsequent intermittent sprint protocol. NOTE: BLa = Capillary
blood sample; TS = thermal sensation; TC = thermal comfort.
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Figure 3. A) core temperature from the start of the warm-up to the end of the protocol for SCI and NON-SCI players; B) peak core temperature
for SCI and NON-SCI; C) time to peak core temperature for SCI and NON-SCI. Data are presented as mean = SD. *denotes significant
difference between groups, *denotes significant difference between conditions (p < 0.05). For SCI, all time points (n = 7), apart from final two
time points (n = 6).
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